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Defoliator fly, injury to western yellow pine 418 12
Delaware, convict labor for road work, digest of laws 414 197
Dendroctonus brevicomis injury to western yellow pine 418 12-18
Desmiafuneralis. See Leaf-folder.
Dewey, Lyster H., and Jason L. Merrill, bulletin on
"Hemp hurds as paper-making material " 404 126

Diet, convicts on road work w 414 145-150
Diseases, convicts, kinds and treatment in camp 414 116-119
Draper, W. F., J. E. Pennybacker, and H. S. Fairbank,
•• bulletin on '

' Convict labor for road work " 414 1-218
Dry-land farming, cereal experiments at Akron field station,

Colorado. 402 1-35
Dust, prevention, and road preservation, progress reports of

experiments, 1915 407 1-71
Dwelling, farm, rental value 410 6, 31-33

Eggplant-
host of tortoise beetle 422 1

tortoise beetle

—

bulletin by Thos. II. Jones 422 1-8

See also Tortoise beetle, eggplant.
Emmor, growing at Akron field station, Colorado 402 31



DEPAKTMEFT OF AGRICULTUEE BULS. 401-425.

38
38
14

89-99
1-35

1-218

5

Bulletin

mithrips— No. Page.

fuscus, value in destraction of red spider 416
ocddentalis, value in destruction of red spider 416

Evernia vulpina, infestation of western yellow pine 418
Excreta, disposal at convict camps 414
Experiment station, Akron, Colorado, growing cereals 402

Faikbank, H. S., J. E. Pennybacker, and W. F. Draper,
bulletin on '

' Convict labor for road work " 414
Family

—

income, use of term 425
labor

—

income, use of term 425 5
use of term 425 5

Farm

—

cut-over lands in middle North, selection, suggestions
and caution 425 22-24

early-truck

—

tenure systems in New Jersey 411 5-13

year's business, half-crop tenure system 411 9-10
families, value of food, fuel, and use of house, bulletin by
W. C. Funk 410 1-36

income, use of term 425 5

late-truck, year's business, half-crop tenure system 411 12-13

loans, short-time, factors affecting interest rates and other
charges, bulletin by C. W. Thompson 409 1-12

Farmer

—

character, influence on short-time loans 409 6-7

income, sources, remarks 410 4
living expenses, value of food, fuel, and shelter 410 2-35
relation to loan agent 409 10-12

Farmers

—

loans-
factors affecting interest rates and other charges 409 1-12
on personal security, interest and total cost, by

States and districts 409 2-6
Farming

—

cut-over lands—

•

family income 425 14
in middle North, management, income, etc 425 4-24
labor income 425 14-18
of Mchigan, Wisconsin, and Minnesota, bulletin by

J. C. McDowell and W. B . Walker 425 1-24
method and character, influence on short-time loans 409 7-8

Farms

—

cut-over lands, income, relation to tillable area 425 9-10
dairy, labor requirements 423 6-10
natural conditions, effect on cost of short-time loans 409 2-3
rented and owned, comparison of consumption of food by

families 410 26-27
truck, renting in Southwestern New Jersey, systems,

bulletin by Howard A. Turner 411 1-20
Feeding, lupine, experiments with live stock 405 13-25
Fertilizer

—

mixtures, use against fly larvae in horse maniire, experi-
ments 408 6-17

potash from alunite, methods of recovery 415 6-14
Fertilizers, mixtures destructive to fly larvse, cost 408 15-16
Fires, forest, effect on western yellow pine 418 9-12
First-aid, camp equipment for convicts 414 121-122
Flax, growing at Akron field station, Colorado 402 32
Flies—

. control at con\ict camps, methods 414 104-105
lacewing, value in destruction of red spider 416 46-48
tachinid, value as enemies of Calosoma, studies 417 11-12
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Florida— No.

con\T.ct labor for road work, digest of laws 414
roads, experimental work, 1915 407

Fly larA'se, destruction in horse manure, experiments, 1915,

bulletin by F. C. Cook and R. H. Hutchison 408
Fomes lands, disease of western yellow pine 418
Food-

canning on farm, amount per family 410
classes consumed by farm families, amounts bought and

raised 410
consumption per farm family, relative quantities of dif-

ferent kinds 410
con\d.cts on road work, requirements, cost, etc 414
cost per family, relation to size of family 410
farm families, value, sources, etc 410
farm family

—

amount bought 410

amount furnished by farm 410<

fuel and shelter, value to farm families, bulletin by C. W.
Funk 410

habits, Calosoma sycophanta 417
Forests, western yellow pine

—

management, public and private lands 418
utilization 418

Fox, enemy of Calosoma, experiments 417
Fruit crops, day's work for various operations 412
Fruits

—

consumption per farm family 410-^

picking and thinning, day's work 412
Fuel-

farm family

—

amount bought 410
amount furnished by farm 410
value and sources 410

food, and shelter, value to farm families, bulletin by
W. C. Funk 410

Fun^s disease of western yellow pine, nature 418
injury to western yellow pine, nature 418

Funk, W. C, bulletin on "Value to farm families of fuel, and
use of house" 410

Garbage, disposal at convict camps, practices and suggestions .

.

414
Geocoris punctipes, value in destruction of red spider 416
Georgia, convict labor for road work, digest of laws 414
Geranium, wild, host of red spider 416
Grain

—

crop, operations, day's work for implements and labor. .

.

412
drill, day's work 412
shocking, day's work 412

Grape leaf-folder

—

bulletin by J. F. Strauss 41

9

See also Leaf-folder, grape.
Grapes

—

injury from grape leaf-folder 419
varieties attacked by grape leaf-folder 419

Grazing

—

forest, injury to pine timber 418
yellow pine forests, practices and value 41

8

Groceries, consumption per farm family 41 0<

Guernsey cows, relation of age to values of different grades 413

197-198
35-47

1-20
14

28-29

9-11

9, 12, 14-16
145-150

17

2, 8-29

6,7,10,11,
18-24, 25

7,8,10,11,
12, 25, 26

1-36
6-7

36-48
30-32

12

14-16

9-10, 14-16,

21-22, 24-26
14-16

6,30
29-30

2, 29-31

1-36
14
14

1-36

100-103
41-43

198-199
5

6-7
6-7

7

1-16

5
4

17

3i

9-10,14-10,
18-19,24-26

4-6
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No. Page.

Hairy vetch, growing on cut-over lands in middle North 425 20

Harrowing, day's work under various conditions 412 4-5

Harvesting-
cabbage, day's work 412 13-14

muskmelons, contract labor, effect on quality 401 14-15

Hauling

—

beans, day's work 412 11

fruit, day's work 412 16

hay, day's work 412 12

Haying, operations, day's work for implements and labor 412 11-12

Health, convict camps, conditions, care, etc 414 115-127

Hedge nettle, host of red spider 416 5

Heliothrips femoralis. See Thrips.

Hellebore, use as larvicide in manure, advantages and direc-

tions 408 2

Hemp hurds

—

as paper-making material, bulletin by Lyster H. Dewey
and Jason L. McMerrill 404 1-26

baling, requirements and cost .• 404 '
5-6

nature and yield per acre 404 1-3

production and handling 404 1-6

use for papermaking, economic considerations 404 8-9

uses, and supply 404 4-5

yield of fiber 404 3

HiLLMAN, F. H., bulletin on "Distinguishing charticters of

seeds of Sudan grass and Johnson grass." 406 1-5

Hippodamia convergens, value in destruction of red spider 416 57-58

Holstein cows, relation of age to values of different grades. .

.

413 2-4

Horse

—

farm work, value at certain ages 413 11-12

manure, fly larvae in, destruction experiments 1915,

bulletin by F. C. Cook and R. H. Hutchison 408 1-20

Horses

—

farm work, relation of age to value (with dairy cows),
bulletin by J. C. McDowell 413 1-12

feeding with lupines, experiments 405 14, 20
Household labor, value per family 410 2, 33-34
Housing

—

farm family, value 410 2, 31-33
food and shelter, value to farm families, bulletin by W. G.

Funk 410 1-36
Humphrey—

Harold N., bulletin on "Labor requirements of dairy
farms as influenced by milking machines" 423 1-17

John R., and W. H. Kerr, bulletin on "A system of

accounts for live-stock shipping associations" 403 1-15
Husking, corn, day's work 412 10
Hutchison, R. H., and F. C. Cook, bulletin on "Experiments
during 1915 in the destruction of fly larv.T in horse manure' '

.

408 1-20
Hydraulic rams, efficiency, formulas 414 85-87

Ictrogen, origin and poisonous property 405 6-7
Idaho, convict labor for road work, digest of laws 414 199
Illinois, convict labor for road work^ digest of laws 414 200
Implements, day's work, western New York 412

'

2-6
Incineratories, garbage, construction and advantages 414 102-103
Indian bean. See Lupine.
Indiana, convict labor for road work, digest of laws 414 200
Insecticides, use against red spider, recommendations 416 63-67
Insects, enemies of red spiders 416 35-59
Insidious bug, value in destruction of red spider 416 38-31
Iowa

—

convict labor for road work, digest of laws 414 200-201
roads, experimental work at Ames, 1910. 407 67
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Jersey cows, relation of age to values of different grades
Johnson, W. T., je., S. Henry Ayers, and John T. Bowen,

bulletin on "Cooling hot-bottled pasteurized milk by forced
air"

Johnson-grass

—

seed, description and growth habits
seeds, characters distinguishing from Sudan grass, bulletin

by F. H. Hillman..,
Jones, Thos. H., bulletin on "The eggplant tortoise beetle" .

.

Kansas

—

convict labor for road work, digest of laws
roads experimental work, 1908

Kentucky

—

convict labor for road work, digest of laws >

roads, experimental work at Bowling Green, 1907
Kerr, W. H., and John R. Humphrey, bulletin on "A system

of accounts for live-stock shipping associations "

Kitchen, C. W., and 0. W. Schleussner, bulletin on "Mar-
keting and distribution of western muskmelons in 1915 "

Kitchen, convict camp, sanitation

Labor

—

contract, effect on quality of muskmelons
convict-

comparison with free labor on roads
economic considerations
efficiency

for road work, bulletin by J. E. P.ennybacker, H. S.

Fairbank, and W. F. Draper
See also Convict labor,

dairy

—

farm, cost per month
farms, relation to milking machines, bulletin by Har-

old N. Humphrey
day's work—

for crews, various farm operations
men, crews, and implements, average in United States
of farm implements, workmen, and crews in Western
New York, bulletin by H. H. Mowry

household, value per family
• income

—

truck farmers. Southwestern New Jersey

jse of term

Bulletin
No.

413

420

406

406
422

414
407

414
407

403

401
414

401

414
414
414

414

road-building, cost per day and per month.

Laborer, hours of work on dairy farm
Laoewing flies, value in destruction of red spider
Ladybirds, value in destruction of red spider
Laelaps rn/icropilis, value in destruction of red spider
Land, clearing, practices in middle North
Lands, cut-over, farming in Michigan, Wisconsin, and Minne-

sota, balletin by J. C. McDowell and W. B. Walker
Larva, fly, destruction in horse manure, experiments during

1915, bulletin by F. C. Cook and R. H. Hutchison
Larvicides, use against larvaj in horse manure, experiments
with various kinds, 1915

Laws, State, convict labor for road work, digest
Leaf-folder, grape

—

bulletin by J. F. Strauss
control methods
description, life history, and ha.iits

food plants
history and distribution
injury to vineyards
pardsitic enemies

Lime, chloride, use in purification of water, directions

139669—19 3

6-7

1-38

1-2, 4-5

1-5
1-8

69-71

201-202
71

1-15

1-38
114-115

14-15

24-29
17-29
17-19

1-218

423 9

423 1-17

412 2, 7, 11-14
412 2

412 1-16
410 2, 33-34

411 18-20
410 5

411 2

425 5

407/

423

23, 28, 35,

37, 44, 54
9

416 44-48
416 54-58
416 36
425 13

425 1-24

408 1-20

408 1-20
414 193-218

419 1-16
419 12
419 6-8
'119 4
119 1-4

419 5

419 8-12
414 75
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Bulletin

Live stock

—

No. Page.

account sales 4^3 3-4
raising on cut-over lands in middle North 425 7-9"

shipping associations, a system of accounts for, bulletin by
John R. Humphrey and W. H. Kerr 403 1-15

Loan agents, relation to farmer 409 10-12
Loans, farm—

•

factors affecting interest rates and other charges, bulletin

by C. W. Thompson 409 1-12
purpose and size, influence on cost 409 9

Logging, "western yellow pine, methods, and cost 418 32-34
Logs, western yellow pine, volume tables 418 43-44
Louisiana, convict labor for road work, digest of laws 414 202
Lumber, western yellow pine, utilization and grades 418 30, 35

Tvupine—
poisoning—

remedies 405 38-39
symptoms, effects, etc 405 9-13, 33-36

seed—

•

food used by ancients 405 1-2
medicinal uses 405 2
poison to mice, experiments 405 25-28

Lupines—
alkaloids of 405 5-9
distribution and common names 405 4
feeding to live stock, experiments 405 13-25
history and uses 405 1-3
pharmacological investigations 405 7-13
poisonous plants, bulletin by C. D. Marsh, A. B. Clawson,
and Hadleigh Marsh 405 1-45

toxicity

—

of different species 405 30
of leaves and seed for sheep 405 30-33,39-41

Lupinosis—

•

cause, discussion 405 3, 6-7

comparison with American lupine poisoning 405 36-38
Lupinus sericeus. See Lupine.

Macadam

—

roads

—

analyses, mechanical 407 7-8

experiments, 1915, data, cost, etc 407 2-24, 30-32

See also Roads, macadam.
Macrocheles, sp. , value in destruction of red spider 416 36
Magilla maculata, value in destruction of red spider 416 56-57

Maine, convict labor for road work, digest of laws 414 202
Malaria, treatment and isolation of patient, note 414 107-108
Manure

—

application to soil of product treated with larvicides 408 16-17

borax treatment against flies, directions, and effect on
fertilizer vahie 414 105-106

cost for truck farms in Southwestern New Jersey 411 3
handling, day's work 412 8
horse, fly larv^^^ in, destruction experiments, 1915, bulle-

tin by F. C. Cook and R. H. Hutchison 408 1-20

Marketing

—

f 3-7 23-24 "^9

contracts between growers and distributors of muskmelons 401< ' oq 32-35

western muskmelon and distribution, 1915, bulletin by
O. W. Schleussner and C. W. Kitchen 401 1-38

Markets and Rural Organizations Office, account system for

live-stock shipping 403 4-13

Marsh,
C. D., A. B. Clawson, and Hadleigh Marsh, bulletin on
"Lupines as poisonous plants" 405 1-45

HA.DLEIGH, C. D. Marsh, and A. B. Clawson, bulletin on
"Lupines as poisonous plants " 405 1-45
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Maryland

—

Bulletin

Bradley Lane, experimental work in Montgomerv Countj^, No.

1915! ' 407
Chevy Chase roads, experimental work, 1911-12 407
con^-ict labor for road work, digest of la,ws 414
Falls Road, experimental work in Montgomery County,

1915 407
RockAdlle pike, experimental.work, 1915 407

Massachusetts, couA-ict labor for road work, digest of laws 414
McDoxouGH, F. L., and E. A. McGregor, bulletin on "The

red spider on cotton " 416
McDowell, J. C.

—

and W. P>. Walker, bulletin on "Farming on the cut-

over lands of ilichigan, Wisconsin, and Minnesota "... 425
bulletin on "Influence of age on the v^alue of dany cows
and farm work horses " 413

McGregor, E. A., and F. L. McDonough, bulletin on "The
red spider on cotton " 416

McMuRDO, George A., bulletin on "Cereal experiments at

the Akron field station, Akron, Colo.
'

' 402

Meat products, consumption per farm family 410

Meats, consumption per farm famUy, proportion bought 410
Melon. See Muskmelon.
Merrill, Jason L., and Lyster H. Dewey, bulletin on

'

'Hemp hurds as paper-making material " 405
Mess quarters, con\dct camp, sanitation 414
Mice, feeding lupine seed, experiments and effects 405
Michigan

—

con\ict labor for road work, digest of laws 414
dairying, influence of milking machines on labor require-
ments 623

farming on cut-over lands, and in Wisconsin and Minne-
sota, bulletin by J. C. McDowell and W. H. Walker. . . 425

Microveisea misella, value in destruction of red spider 416
Mildew-proofing tents, jjractices and formulas 414
[Milk-

consumption per person on farm 410
cooling

—

cost of cooling by forced air 420
rate, relation to cooling of water 420
rates with still and forced air 420

heating in bottles by forced air, experiments 420
hot-bottled pasteurized, cooling by forced air, bulletin by

S. Henry Avers, John T. Bowen, and W. T. John-
son, jr

". 420
pasteurized

—

cream line, effect of slow cooling experiments 420
effect of slow cooling on bacterial flora, experiments.. 420
flavor, elfect of slow cooling, experiments 420

temperature of top and bottom of quart bottle, changes in
cooling by forced air, experiments 420

Milking

—

co.st and time per cow, hand milking and machine milk-
ing 423

hand work, comparison with machine work 423
machine

—

cost, repairs, and depreciation, discussion 423
effect on cows 423
efficiency of different types 423
time for milking, comparison with hand milking 423

machines, relation to labor roquiroments of dairy farms,
bulletin by Harold N. ifumplirey 423

MiLLiKKN, F. ]',., bulletin on "'I'hc cottonwood borer" 424

Page.

30-32
57-65

202

2^30
48-54

203

1-72

1-24

1-12

1-72

1-35
11-12, 14-16,

20, 24-26

12

1-26
114-115
25-28

203

5-16

1-24

56
134

13

5,

23-26

,

19-26
5-18

32-38

1-38

30-31
26-30
31-35

19-23

11-12
2-17

13-14
15-16

17
10-11

1-17
1-7
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Minnesota

—

No.

convict labor for road work, digest of laws 414
farming on cut-over lands, and in Michigan and Wiscon-

sin, bulletin by J. C. McDowell and W. H. Walker 425
Mississippi, convict labor for road work, digest of laws 414
Missouri, convict labor for road work, digest of laws 414
Mistletoe, pine, cause of "witches' brooms" in pines, note... 418
Moapa Valley muskmelons, production, quality, and market-

ing 401
Montana, convict labor for road work, digest of laws 414
Mosquitoes, control at convict camps 414
Mountain pine beetle, injury to western yellow pine 418
MowRY, H. H., bulletin on "The normal day's work of farm
implements, workmen, and crews in western New York"

.

412
MuNGER, Thornton T., bulletin on "Western yellow pine in

Oregon " 418
Muskmelon

—

growers, loans from shippers 401
use of term 401

Muskmelons

—

handling for market 401
Imperial Valley

—

cost of production 401
markets and shipments 401

market requirements 401

marketing, contracts between growers and distributors.

.

401<

Moapa Valley, production, quality, and marketing 401
prices. New York and Chicago 401
quality, relation to contract system 401
weight per crate of various kinds 401
western

—

distribution, caution and suggestions 401
marketing and distribution in 1915, bulletin by

0. W. Schleussner and C. W. Kitchen 401
wrapped, comparison of quality with unwrapped 401

Mycodiplosis macgregori, value in destruction of red spider. .

.

416

Nebraska, convict labor for road work, digest of laws 414
Neophasia menapia, injury to western yellow pine 418
Nevada—

convict labor for road work, digest of laws 414
Moapa district, muskmelon growing and marketing 401

New Jersey

—

convict labor for road work, digest of laws 414
southwestern, systems of renting truck farms, bulletin by
Howard A. Turner 411

New York-
dairying, influence of milking machines on labor require-

ments 423
roads, experimental work, 1911 407
Western, day's work for farm implements, workmen, and

crews, bulletin by H. H. Mowry 412
Nicotine sprays, preparation and use against red spider 416
North Carolina, convict labor for road work, digest of laws 414
North Dakota, convict labor for road work, digest of laws 414

Oats, growing at Akron field station, Colorado 402
Ohio-

convict labor for road work, digest of laws 414
dairying, influence of milking machines on labor require-
ments 623

roads, experimental work at Youngstown, 1910 407
Oil-

amount bought per farm family 410
sprays, preparation and use against red spider 416

Oklahoma, convict labor for road work, digest of laws 414

203-204

1-24

204
204-205

14

28-29
205

106-107
13

1-16

1-48

3
1

13-15, 24-26, 37

16-17
17-22
9-11

3-7, 23-24, 29,

30, 32-35
28-29

37

7-8, 14
11

16

1-38

15
51-52

205
12

205-206
28-29

207

1-20

5-16
65-66

1-16
64-65

207-208
208

24-28

208-210

5-16
68-69

6

65
210
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Old-maid's bonnet. See Lupine. Bulletin
Orchards, day's work in pruning, thinning, and picking fruit, No. Page,

etc 412 14-16
Ordway muskmelons, production and marketing 401 32, 35-36
Oregon

—

convict labor for road work, digest of laws 414 210-211
western yellow pine, bulletin by Thornton T. Hunger . .

.

418 1-48
white pine. See Pine, western yellow.

Packing, muskmelons 401 13, 15, 24, 37
Paper

—

hemp hurds for making, bulletin by Lyster H. Dewey
and Jason L. Merrill 404 1-26

hemp-hurd

—

physical tests 404 24-25
sample 404 1-26

making

—

from hemp hurds, processes 404 11-16
material

—

hemp hurds, bulletin by Lyster H. Dewey and
Jason L. Merrill 404 1-26

value of hemp hurds, tests 404 7-24
materials, supply, demand, etc., discussion 404 7-8

manufacture from hemp hurds, tests 404 7-24
pulp-wood, comparison with hemp-hurd product 404 2

Pastevirized milk, hot-bottled, cooling by forced air, bulletin

by S. Henry Ayers, John T. Bowen, and W. T. Johnson, jr.. 420 1-38
Peaches

—

packing, day's work 412 15
picking, day's work 412 15-16

Penitentiaries, establishment, historical notes 414 7

Pennsylvania, convict labor for road work, digest of laws 414 211-212
Pennybackee, J. E., H. S. Fairbank, and Dr. W. F. Draper,

bulletin on " Convict labor for road work " 414 1-218
Peridermium filamentosum, injury to western yellow pine .... 418 14
Pine

—

beetles, injury to western yellow pine in Oregon 418 12-13
butterfly, description and injury to western yellow pine

.

418 12
destroyer, western, injury to western yellow pine 418 12-13
timber, "bluing," cause and prevention 418 15
trees

—

scarred by Indians, occurrence in Klamath County,
Oregon, remarks 418 17

western yellow, growth, characteristics, volume, etc

.

418 23
western yellow

—

associated growth in Oregon 418 18
climatic requirements 418 5-6
description, habitat, and reproduction 418 4-9

forests, utilization 418 30-32
in Oregon, bulletin by Thornton T. Munger 418 1-48
injury from fire and other sources 418 9-17
lumber cut, annual, importance and rank 418 1-2

occurrence and distribution in Oregon 418 2-3

planting in Oregon, suggestions 418 35
stands of timber, character and growth in Oregon . . . 418 17-29
vegetable j)arasites, descriptions and injuries 418 14
wood characteristics 418 29-30

Pines, species in Oregon 418 1

Pinus ponderosa. See Pine, western yellow.
Pipe rot, injury to western yellow pine, nature 418 14
Planting

—

corn, day's work 412 9
western yellow pine, suggestions 418 85

Plectrodera scalator. See Borer, cottonwood

.

Plowing, day's work on sod and on stubble 412 3-4

Plumbing, convict camjj, requirements 414 87-8';)
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Poisoning— Bulletin

lupine

—

No. Page.

pathology 405 36
remedies 405 38-39

man and animals, by lupine seeds 405 2-4
Poisonous plants

—

lupines, bulletin by G. D. Marsh, A. B. Clawson, and
Hadleigli Marsh 405 1-45

use against fly larvae in horse manure, experiments 408 4-5
Pokeweed, host of red spider 416 4
Polyporus schweinitzii, injury to western yellow pine 418 14
Populus deltoides. See Borer, Cottonwood.
Posts, western yellow pine, value, note 418 30-31
Potash

—

by-product from blast furnaces, and cement plants, note.

.

415 8
recovery from alunite, bulletin by W. H. Waggaman and

J. A. Cullen 415 1-14
Potato plant, host of tortoise beetle 422 1

Potatoes, growing on cut-over lands in middle North 425 19
Poultry products, consumption per farm family 410 11-12,14-16,24-26

Prices

—

food, fuel, etc. , home farm 410 5-6

muskmelons

—

at principal markets 401 9
New York and Chicago 401 37

Primrose, evening, host of red spider 416 5

Prisoners. See Convicts
Privy, sanitary, use in convict camps, types, advantages, etc. 414 95-100
Proso, growing at Akron Field Station, Colo 402 32
Pruning, fruit trees, day's work 412 14
Pulp-

western yellow pine, yield and value 418 31
wood

—

paper from, comparison with hemp-hurd product 404 2
yield per acre and demand, comparison with hemp
hurds 404 24

Pumps, types and operation 414 78-83
Pyrahs funeralis . See Leaf-folder, grape.

Quaker's bonnet. See Lupine.

Raccoon, enemy of Calosoma, experiments 417 12, 13
Ranges, sheep, lupine poisoning 405 39-41

Rations, convicts on road work, requirements and practices.

.

414 157-193
Razoum,ofsJcya cavipylopoda, infestation of western yellow pine 418 14
"Red belt, " disease of western yellow pine, nature 418 16

Red spider

—

classification and synonymy 416 3

climatic control '. 416 33-34

control measures 416 59-67

damage to cotton in South, nature and extent 416 20-21

description and habits 416 6-20

dispersion, agencies 416 27-32

enemies among insects 416 34-59

food plants, and life history 416 47-6

generations and seasonal history 416 21-27

host plants, list 416 62
on cotton, bulletin bv E. A. McGregor and F. L. Mc-
Donough ". 416 1-72

swarming habits 416 58-59

See also Spider, red.

Reduviid bug, value in destruction of red spider. ........... 416 43
Rental, cash, truck farms in Southwestern New Jersey, prac-

tices 411 17-18

Renting truck farms. Southwestern New Jersey, systems,
bulletin by Howard A. Turner 411 1-20

Resin wash, preparation and use against red spider 416 66
Retting, hemp, methods, effect on hurds, etc 404 2-3
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Hhinacloa forticornh , value in destruction of red spider 416
Rhyncholophus pilosus, value in destruction of red spider 416
Road work, utilization of con^'ict labor, advantages and objec-

tions 414
Roads

—

building, cost of labor and materials 407<

con\T.ct work, historical notes 41

1

macadam, cost of construction by convicts and by free

labor 414
presei'vation and dust prevention, progress reports of

experiments, 1915 407
siirface treatment, experiments 407
work by con\dct labor, bulletin by J. E. Pennypacker,
H. S. Fairbank, and Dr. W. F. Draper 414

Rocky Ford muskmelons, production and marketing 401
Roller, land, day's work 412
Rot, diseases of western yellow pine, nature and injury 418
Rj^e, growing at Akron Field Station, Colo 402

Salix alha, injury by Cottonwood borer 424
Sanitation, camp, disposal of excreta and sewage 414
Sap rot, disease of western yellow pine, nature 418
Sawmills, cutting western yellow pine, output and lumber
grades 418

ScHLEussNER, O, W., and C. W. Kitchen, bulletin on ' 'Mar-
keting and distribution of western muskmelons in 1915"..

.

-401 1-38
Scolothrips scxmaculatus, Yalne in destruction of red sipider..

.

416 37-38
Seeding, cereals, rates and dates at Akron Field Station 402 13, 17, 18, 22, 27

Seeds, Sudan grass, characters distinguishing from Johnson
grass, bulletin by F. H. Hillman 406

Seius qundripilis, value in destruction of red spider 416
Sheep

feeding lupines, experiments 405<

poisoning by lupines 405

s^onptoms of lupine poisoning 405
treatment to avoid lupine poisoning 405

Shippers, muskmelon, contracts with growers 401
Shipping-

agencies, live-stock, types 403
associations

—

financing 403
system of accounts for, bulletin by John R. Hum-
phrey and W. H. Kerr 403

Skunk, values as enemy of Calosoma, experiments 417
Sleeping quarters, convict camp, sanitation 414
Soap sprays, preparation and use against red spider 416
Sodium arsenite, use for destruction of weeds 416
Solanurn, spp., hosts of eggplant tortoise beetle 422
SoLLMAx, ToRALD, pharmacological investigations of lupines. 405
Sorghums, grain, growing at Akron Field Station, Colo 402
South Carolina, convict laljor for road work, digest of law 414
South Dakota, convict labor for road work, digest of laws. . .. 414
Sow thistle, host of red spider 416
Sphuerophorifi cylvndricfj , value in destruction of red spider. .

.

416
Spider, red

—

injury to cott<^>n, history and distribution 416
on cotton, bulletin by E. A. McGregor and F. L. Mc-

J^onough 416
See also Red spider.

"Spike-top," occurrence in western yellow pine, cause and
injury 4J8

43
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37, 44, 54
6-11

24

1-71
24-71
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31-35

&
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31

1,4
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2-4, 9-13,

14-19, 21-25,

28-29, 39-41

9-13, 33-36
41-42-

3-7

1-15

10-11, 12, 13
108-115

66

60
1

7-13
32-33
212

212-213
5

52

1-3

1-72

16.



16 DEPAETMENT OF AGRICULTURE BULS. 401-425.

Bulletin
Spraying

—

No. Page.

grapevine for control of leaf-folder, directions 419 12
outfits, descriptions and use against red spider 416 66-67

Sprays

—

adhesive, preparation and use against red spider 416 65-66
arsenical

—

use against eggplant tortoise beetle 422 6-7
use against grape leaf-folder 419 12

use against red spider, formulas, etc 416 63-67
use against sugar-beet thrips 421 10

Spring -wheat. See Wheat, spring.

Springs, protection from pollution, importance and methods

.

414 70-71
" Stag-headedness, '

' occurrence in western yellow pine 418 16
Stethorus—

punctum, value in destruction of red spider 416 54
utilis, value in destruction of red spider 416 55

Strauss, J. F., bulletin on "The grape leaf-folder" 419 1-16
Stiunps, clearing from cut-over land practices and cost 425 13
Sudan grass, seeds, characters distinguishing from Johnson

grass seeds, bulletin by F. H. Hillman , 406 1-5
Sugar-beet thrips—

bulletinbyWm.H. White 421 1-12
See also Thrips, sugar-beet.

Sulphur—
sprays, preparation and use against red spider 416 63-64
use against fly larvae in manure 408 17
use against vermin, method and value 414 113-114

Sundial. See Lupine.
Sunflower, host of red spider 416 5

Sweet clover, growing on cut-over lands in middle North 425 20
Syrphus-flies

—

parasitic enemies 416 53
value in destruction of red spider 416 52-53

Tanks, water storage for convict camps, types, cost, etc 414 77-83
Tenant, labor income, use of term 411 8
Tenants, truck-farm, labor income in southwestern New

Jersey 411 18-19
Tennessee—

convict labor for road work, digest of laws 414 213
roads, experimental work at Knoxville 407 67-68

Tent cloth, weights and treatment of different kinds 414 133-134
Tents-

use in convict camps, requirements, prices, etc 414 130-134
wall, prices, material, etc. , list 414 130-134

Tenure, truck farms in southwestern New Jersey, systems,
bulletin by Howard A. Turner 411 1-20

Tetranychus bimaculatus . See Red spider.
Texas, convict labor for road work, digest of laws 414 213-214
Thompson, C. W., bulletin on " Factors affecting interest rates
and other charges on short-time farm loans " 409 1-12

Thrasher, brown, enemy of Calosoma, note 417 11
Thrashing

—

oats, day's work under various conditions 412 7

wheat, day's work for men and crews 412 7
Thrips—

sugar-beet

—

bulletin by Wm. H. White 421 1-12
control experiments and methods 421 10-11
historical notes 421 2

life cycle 421 9-10
life history, description, distribution, food plants,

and habits 421 1-9
nature and extent of injury to plants 421 3

value in destruction of red spider 416 37-38
Timber, mai'king in yellow pine region, directions 418 46-47
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Toad, value as enemy of Oalosoma, experiments 417 10
Tomato ^anes, host of red spider 416 5
Tortoise beetle, eggplant-

bulletin by Thos. H. Jones 422 1-8
control measures 422 6-7
description, life history and habits 422 2-6
historical notes, distribution and host plants 422 1

Towhee, value as enemy of Calosoma, studies 417 11
Toxomeriis duplicatiis, value in destruction of red spider 416 53
Traffic-

Bradley Lane, Maryland, volume and character 407 59
Mount Vernon Avenue, Virginia, volume and nature 407 23
Rockville Pike, volume and character 407 53

Travietes pini, disease of western yellow pine 418 14
Trees, shade, injury from cottonwood borer, and control

methods 424 1-7

Triphleps insidiosus, value in destruction of red spider 416 38-41
Truck farms

—

half-share tenure, management in New Jersey 411 5-10
receipts and expenses, items for landlord and tenant 411 5-18
renting in Southwestern New Jersey, systems, bulletin

by Howard A. Tm-ner 411 1-20
Southwestern New Jersey, classification, acreages and
values of crops 411 3-5

tenure, types for early and late producing crops 411 5-20
Tm-lock muslonelons, production, quality, marketing, and

prices 401 29-31, 37
Turner, Howard A., bulletin on "Systems of renting truck
farms in Southwestern New Jersey " 411 1-20

Turpentining, western yellow pine, experiments 418 31-32

Utah—
alunites, location, extent and accessibility 415 3-5
con\ict labor for road work, digest of laws 414 214

Vegetables, consimaption per farm family 410 9-10,13-16,22-26
Vermin, con\dct camps, eradication and preventive measures. 414 112-115
Vermont, convict labor for road work, digest of laws 414 214
Vetch

—

hairy, growing on cut-over lands in middle North 425 20
host of red spider 416 5

Violet, infestation, by red spider 416 4, 25
Virginia-

convict labor for road work, digest of laws 414 215-216
Mount Vernon Avenue road, experimental work, 1915 407 2-23

Wages, convicts 414 20
Waggaman, W. H., and J. A. Cullen, bulletin on "The re-

covery of potash from alunite " 415 1-14
Walker, W B., and J. G. McDowell, bulletin on "Farming
on the cut-over lands of Michigan, Wisconsin, and Minne-
sota" 425 1-24

Washington

—

convict labor for road work, digest of laws 414 217

D. C, dri vcways, experimental work, 1915 407 32-35, 55-5/

Waste, hemp hurds, utilization as paper-making material. . .

.

404 3-26

Wastes, camp, disposal 414 95-104

Water-
forcing to given heights, methods, pressure required, etc. 414 78-87

purification, use of chloride of lime 414 75

storage for convict camps, methods 414 76-81

supply, convict camps, distribution methods, etc 41

4

78-89

Weeds

—

destruction by arsenical spray 416 60

hosts of red spider, list 416 4 , 30
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Wells, construction, protection, etc., for convict camps 414 71-74
Western

—

pine

—

destroyer, injury to western yellow pine 418 12-13
See also Pine, western yellow,

soft pine. See Pine, western yellow,
yellow pine

—

in Oregon, bulletin by Thornton T. Hunger 418 1-48
See also Pine, western yellow. .

Wheat—

_

growing at Akron field station, experiments 402 14-24
seeding, rates and dates, at Akron field station, Colorado. . 402 13, 14, 17, 18, 22
spring

—

growing at Akron field station, Colorado 402 19-24
yields at Akron field station, Colorado, comparison
with winter wheat 402 23-24

White, Wm. H., bulletin on "The sugar-beet thrips" 421 1-12
White-pitted rot, disease of western yellow pine 418 14
Wild bean. See Lupine.
Willow, injury by Cottonwood borer 424 4
Winter wheat. See Wheat.
Wisconsin

—

convict labor for road work, digest of laws 414 218
farming on cut-over lands, and in Michigan and Minne-

sota, bulletin by J. C. McDowell and W. H. Walker. . . 425 1-24
"Witches' brooms," occurrence on western yellow pine, na-

ture and injury 418 14
Wood-

amount bought for fuel by farm family 410 6

western yellow pine, characteristics 418 29-30
Wyoming, convict labor for road work, digest of laws 414 218

Yellow pine, western

—

in Oregon, bulletin by Thornton T, Hunger 418 1-4 8

See also Pine, western yellow.
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INTRODUCTION.

During the season of 1914 the Department of Agriculture received

a great many complaints from growers in the United States with

reference to glutted markets and ruinous returns to all engaged m
the muskmelon industry. The Office of Markets and Rural Organ-

ization responded to the calls for assistance by sending special inves-

tigators to certain melon-growing sections, for the purpose of making
a study of marketing conditi'oiis, and the investigators of the office

' -Mthough the term "cantaloupe" is in wide commercial use in the United States at the present time,
particularly in the irr)(/aled districts of the West, I he name belongs to a disi inot botanical variely of I hia

species and is restricted to that variety in commerciul use in countries outside of the United Stales. The
tflrm "muskmelon," therefore, is used in this bulletin in conformity with the language of Food Inspection
DecLsion No. 166, issued by the Department of Agriculture March 29, 1916.

Note.—This bulletin is of interest to muskmelon growers in the West, sliipi)ers, dealers, transporlulioa

companies, and consumers, and to all engaged in the trade.

oZS-^l'—Dull. 401—10 1
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located in the large markets w,ere i^iistfucted to give particular atten-

tion to miiskmelons. The results of these studies have been made
public.^

These studies were continued in 1915 in connection with an ex-

perimental market news service wliich was conducted for straw-

berries, tomatoes, muskmelons, and peaches. An intensive study of

the most important melon-producing districts of the United States

was made, and, as growers in the irrigated districts of the West
suffered especially from the disastrous markets of 1914, special at-

tention was given to these regions. In addition to market reporters

covering the large cities during the muskmelon season, field repre-

sentatives were stationed in the Imperial Valley district of Califor-

nia, the Salt River Valley district of Arizona, and the Rocky Ford
district of Colorado during the entire shipping season. In addition,

the Moapa section of Nevada and the Turlock district of California

were visited by one of the authors during the shipping season.

IMPERIAL VALLEY DISTRICT, CALIFORNIA.

HISTORY.

The Imperial Valley is the earliest and probably the most impor-

tant muskmelon-growing district in the United States to-day. The
growth in production since 1905 has been remarkable, the increase

being very close to 1,600 per cent in the 10 years since that time.

The following table shows the total shipments per year from 1905

to 1915:

Table 1.

—

Total shipments of muskmelons from Impe^'ial Valley, 1905-1915.

Carloads.

1905 297

1906 577

1907 644

1908 1,891

Carloads.

1909 1,411

1910 1,621

1911 2,580

1912 2,887

Carloads.

1913 3,502

1914 4,448

1915 4,722

During the season of 1915, 8,156 acres were planted to muskmelons.

A portion of this area was abandoned or did not produce a good
crop. However, the average yield of 185 crates of marketable melons

per acre, making a total for the section of 4,722 cars of 320 crates

each, shows the abihty of this valley to produce abundant crops of

muskmelons. The early and prolonged shipping season, extending

from May 25 to July 21 in 1915, gave the valley a very considerable

advantage in disposing of the crop.

The melons produced are largely of the green-meated (also called

white-meated) varieties, the Early Waters and Eden Gem predom-

inating. A few "pink meats," or Burrell Gems, are growTi, but do

1 See Gail, A. D., Sherman, W. A., and Yeaw, F. L. "Cantaloupe marketing in the larger cities with
car-lot supply, 1914." U. S. Dept. of Agricultiu-e, Bui. 315, 1915; and More, C. T., and Branch, G. V. "The
commercial grading, packing, and shipping of cantaloupes." U. S. Dept. of Apiculture, Farmers' Bui.
707, 1916.
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not form an appreciable part of the totaV.-,' The enthe acreage is pro-

duced under irrigation and, in general, the growmg is handled suc-

cessfully according to the most approved methods. The acreages of

the individual growers vary from 10 or 15 acres to 100 or more, and
some firms grow several hmidred acres. The expansion of markets,

however, has not kept pace with the expansion of acreage.

marketing arrangements.

Contracts Between Growers and Distributors.

The most striking feature of the marketing arrangements in the

Imperial Valley is the contract in vogue between the growers and

certain individuals, firms, or corporations, acting as shippers or dis-

tributors, who contract to handle and sell muskmelons for the growers

at a stipulated commission of 1 5 per cent.

Tlie shippers or distributors generally consign the melons to their

main ofiices or to their connections in the eastern markets. They
guarantee to make certain advances of money to the growers, which

consist, first, of an advance at the time the contract is signed, gen-

erally $10 per acre, and of further per-acre advances during the

growing season at the discretion of the distributor and according to

the needs of the grower. When active shipping commences, the

distributor further makes a per-crate advance at the beginning of

each week covering all crates shipped by the grower during the pre-

vious week. In 1915 this per-crate advance varied from 57 to 77

cents per "standard," ''jumbo," or "pony" crate. ^ The distributor

deducts from this per-crate advance a certain amount to cover the

cost of crate material, which is furnished by him, and a varying

amount to repay the per-acre loans made earlier m the year. A
general season's average net return, equal to the amount advanced

per crate, is usually guaranteed by the distributor.

During the season of 1915 there were 14 firms shipping muskmelons

from the Imperial Valley who controlled acreages by contract as

described, and several other large shipper who grew their own melons.

Copies of contracts were secured from 11 of those who advanced

money on crops. All of these advanced $10 per acre as an initial

loan, and most of them made additional per-acre loans of $5 or more.

The per-crate advances of the 11 averaged 66 cents on the standard,

pony, and jumbo crates, and 22.4 cents on "flats."

REA.SON8 FOR CONTRACT SYSTEM.

At first glance, a contract system binding the grower to soU through

a certain distributor at 15 per cent commission may seem uiid(«ira])le;

but it is based on the grower's inability to finance the raising of his

crops. The muskmelon industry is a highly specialized and risky

' For definitions of crato seo Farmers' liul. 707,
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one, so that local banks which were interviewed in the muskmelon
sections generally have been imwillmg to make crop loans unless

other security than the muskmelon crop itself was made the basis

of the loan. Very few growers in the Imperial Valley are able tO'

furnish the security which is required.

The distributor usually employs a trained man, who inquires

carefully concerning the grower's affairs before closing any contracts

and who keeps m close touch vnih all developments during the growing

season. Further, the distributor's agent usually stipulates the

variety and also supplies the seed to be used by the grower. He
often advises with reference to methods of planting and growing,

picking and packing, and furnishes the material necessary for har-

vesting operations. Because of his close touch with the situation,

the precautions taken before making any loans, and the protection

given such loans by careful marketing of the crop, the distributor is

willing to furnish money to the grower when others do not consider

it safe to do so. At present, therefore, there seems to be no satis-

factory alternative for the contract system.

FORM OF CONTRACTS.

In general, all contracts between distributors and growers are

similar. The following sample is made by using clauses from con-

tracts of several distributors, and is typical in that it embodies aU

of the main points of the 1915 contracts:

Agreement axd Contract.

This contract and agreement, entered into this day of , 191 .
.

, by and

between , of , hereinafter referred to as the grower,
and , of , hereinafter referred to as the distributor,

Witnesseth: That for a cash consideration mentioned in paragraph ten of this

contract and agreement, the Grower hereby appoints the above-mentioned Dis-

tributor his exclusive selling and distributing agent for all cantaloupes grown, owned,

or controlled by the Grower for the season of 1915, and agrees to pay the Distributor

as compensation for his ser^dces, a commission of fifteen (15 per cent) per cent of the

amount of the gross sales of all cantaloupes delivered to and accepted for shipment

by the Distributor at the shipping shed at , California.

The Grower agrees to plant or have planted acres of cantaloupes, from seed

to be furnished or recommended by the Distributor, and to deliver to the Distributor

at the above-mentioned shipping shed in a properly matured condition, all canta-

loupes of merchantable quality, packed in standard crates, 12 x 12 x 23^ inches, con-

taining forty-five (45) cantaloupes; or pony crates, 11 x 11 x 23J inches, containing

forty-five (45) or fiity-four (54) cantaloupes, and if, in the opinion of the Distributor

the conditions warrant, flat crates, 4-i x l^ x 23^ inches, containing twelve (12) can-

taloupes, each and every crate to contain cantaloupes of uniform size and quality.

The Grower further agrees to use his best efforts to produce the best quality of

cantaloupes, as early in the season as possible; to pick, pack, and handle the same

in a strictly first-class manner, using proper care in eveiy respect to proA'^ent injury

from any cause, and to deliver the said cantaloupes to the shipping shed in wagons
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pro\ided with proper springs to prevent bruising, the cantaloupes to be properly

protected after picking from exposure to the direct rays of the sun.

The Distributor agi'ees to perform the following:

' First. To provide a shipping shed through which to load all cantaloupes accepted

by the Distributor for shipment, for the use of which the Grower hereby agrees to

pay the Distributor a shed fee of not to exceed one (Ic.) cent per crate for every crate

accepted and shipped by the Distributor, said shed fee to be deducted from the cash

advance hereinafter provided for.

'"Second. To provide and sell to the Grower cantaloupe seed of first quality at one
dollar and twenty-five ($1.25) cents per pound. To furnish to the Grower the fol-

lowing supplies at prices named, to wit: Registered paper wraps bearing the ......

Brand trade-mai'k, at eighty (80c.) cents per thousand, and in consideration of this

price it is hereby agi'eed by the Grower that he will not ship any cantaloupes wrapped
in the above-mentioned paper wraps except thi'ough the above-mentioned Distributor;

nails at five dollars (15.00) per keg; standard, pony, and jumbo crates at sixteen

(16c.) cents each, and flat crates at nine (9c.) cents each, complete, including regis-

tered label bearing the Brand, for which no charge is made, and it is under-

stood that this label is loaned to the Grower, and the Grower hereby agrees that crates

bearing this label shall be used only for such shipments of cantaloupes as are made
through the above-mentioned Distributor under this contract. It being expressly

understood that the Distributor shall not be liable to the Grower for failure to furnish

such crates or other material or supplies if prevented from doing so by strikes or other

causes beyond the control of the Distributor.

"Third. In consideration of the above clause, the Grower hereby irrevocably

agi'ees that the terms under which the above suppUes are sold to him will not be vio-

lated at any time during the shipping season and that under no circumstances will any
porrion of said crop be shipped through any other agency than through the Distributor,

and hereby agrees that in the event that he violates said terms, or permits others to

\iolate said terms, and ships or permits to be shipped any cantaloupes comprising

said crop through any other agency without the written consent of the Distributor,

that the prices named herein for supplies and material of every kind are null and
void, and that he accepts said material, seed, crates, wraps, nails, etc., at an advanced
price of twenty-five per cent above the jDrices mentioned in this contract, and that his

entire season's supply is to be charged to him at said advanced prices. The said

increased amounts over and above prices mentioned in this contract are to be credited

to the "Surj^lus account"- of the Distributor and, at the ending of the season said

amounts are to be prorated, in accordance with the actual number of the crates shipped

by other growers shipping through the Distributor, and are to be paid on that l^asis to

the growers who have not violated their contract and whose interests haA^e been

injured by the shipment of said cantaloupes through other agencies by said Grower.

"Fourth. To advance to the Grower cents per crate for all standard, pony,

and jumbo crates of cantaloupes and cents per crate for all flat crates of can-

taloupes deUvered hy the Grower and accepted by the Distributor for shipment

(except as may herein Ije otherwise provided for or agreed upon) less the average cost

of crates, paper wraps, and nails, namely, tv/enty (20c.) cents for full-size crates and

ten (10c.) cents per crate for flat crates, for all crates, paper wraps, and nails deUvered

to the Grower, the Distributor reserving the privilege to withdraw the advance on all

varieties of crates excepting Fancy Standard and Fancy Jumbo crates containing

forty-five (45) cantaloupes each upon twenty-four (24) hours' notice to the Grower,

Buch notice to be given Uj the Grower either in writing or by posting same at the ship-

ping shed. In case of an oversupply of cantaloupes, where, in the opinion of tlio

Distrihut<jr, the markets of the country are in danger of being overstocked, the (^rowcr

agrees upon one day's notice from the Distributor to reduce his deliveries to five
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crates per acre per day of Fancy Standards or Fancy Jumbos, packed forty-five to the

crate. Payment of advance to be made the Grower every Monday for all such advances

due him for deliveries made during the pre^dous week.

"Fifth. To furnish the necessary lumber to load and ventilate cars, also inspectors

and laborers to inspect and load into the cars all accepted crates of cantaloupes at the

expense of the Distributor.

"Sixth. The Distributor further agrees to guarantee freight and refrigeration charges

on all cars of cantaloupes shipped by him for the account of the Grower, excepting in

cases of strikes and lockouts, in which case the Grower agrees not to offer any canta-

loupes for shipment if so requested by the Distributor.

"Seventh. The Distributor agrees to use his best efforts and endeavora in the

marketing of said cantaloupes in order to secure the best possible results, and to

create a pool including all shipments of cantaloupes made by the Distribiitor each

two days and send the Grower a statement showing the average net result of such

pools as soon as possible after the sale of said shipments and as soon as possible after

the close of the season to make settlement with the Grower and pay the Grower all

moneys due him from the sale of his shipments after deducting for all advances, seed,

and material; it being understood that the net results realized from the sale of all

crates of cantaloupes shipped during the entire season shall average not less than

cents per crate for the full-size crates and cents for the fiat crates.

"Eighth. The original account of sales covering the sale of every car shipped by
the Distributor for the account of the Grower shall be open for the inspection of the

Grower at any time within six months after the shipments of cars, and such account

of sales shall show damages and claims placed against the railroads, if there are any
claims for damages filed.

"Ninth. The Distributor agrees to file damage claims with the railroads over

which the cantaloupes are transported for all just claims for damages which may
occur to cantaloiipes while in transit: and to make all possible effort to collect such

damage claims, and as soon as possible after same are collected, to pay to the Grower

the amount of his proportion of the claims collected, less fifteen (15 per cent) per cent,

which may be retained by the Distributor, and less all legitimate costs incurred in

collecting such claims.

"Tenth. The Distributor agrees to advance, as a loan to the Grower, ten ($10.00)

dollars per acre for each acre of cantaloupes which the Grower agxees to plant and ship

under this contract, and said ten dollars per aci'e loan shall be deducted by the Dis-

tributor out of the crate advances' made to the Grower at the rate of cents per

crate for ail crates shipped by the Grower until said ten dollars per acre loan has been
paid to the Distributor. However, it is understood and agreed that the acreage and
crate advance hereinbefore provided for shall not be made on cantaloupes that may
be planted by the Grower on land upon which another crop has been planted during

the same season.

"Eleventh. In consideration of the acreage advance and guaranteed crate advance
agreed upon in this contract, paragraphs fourth and tenth, the Grower hereby irrev-

ocably assigns to the Distributor for collection any interest of every character which
he may have in any claim or claims against any transportation lines interested in

the transporting of the cantaloupes accepted under this contract, and agrees to pay
to the Distributor fifteen per cent on gross amounts so collected, also legitimate ex-

penses incun-ed in making said collections, and by mutual agreement between the

Grower and the Distributor, any moneys so collected due the Growers are to be pro-

rated when finally collected among all Growers shipping through said Distributor, on
the basis of the total crates shipped by each Grower during said season.

"It is further understood and agreed between the Distributor and the Grower that

no cantaloupes shall be received from wagons which are not in line for vmloading at

the shipping point at ten o'clock p. m.
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"It is further mutually agreed between the Distributor and the Grower that the

inspector furnished by the Distributor shall make inspection of all the cantaloupes

delivered for shipment by the Grower, and his decision on grade, quality, and pack
shall be final and binding on both parties hereto.

'•In witness whereof the parties hereto have hereunto set their hands and seals on
the dav and year first above written."

By
Witness:

UNFAVORABLE FEATURES OF PRESENT CONTRACTS.

A careful study of the foregoing typical contract shows that the

pooling arrangements in general use possibly may work an injustice

to the producer, because all types of packages are included in one pool.

As the distributor is paid a commission on gross sales, it is to his ad-

vantage to handle as many muskmelons as possible during the season,

provided his average net return does not fall below the amount of his

guaranty. It may happen that although standards are selling at

prices which are returning good margins over the guaranteed season

average, ponies are selling at prices which result in actual loss to the

producer. By averaging the two classes of packages, the distributor

may be protected on his advance and may secure a larger commission

by handling more cars than he wordd if ponies were not shipped.

Meanwhile, the grower is receiving a smaller return than he would

if he shipped only standards. This inequity could be overcome by
maintaining separate pools for standards and ponies.

A further disadvantage of the contract system has been that in the

past it has had a tendency to encourage the packing of muskmelons
of poor quality. In other seasons the advances were higher than in

1915, sometimes being as high as 85 cents. This amount was in

excess of the cost of production and guaranteed the grower a profit

on every crate shipped. Under such conditions there has been an

inclination to pack as many crates as possible, regardless of quality.

vSome growers have even gone to the extent of ''facing" the crates by
putting good melons on the outside and packing poor ones in the

middle. Under such circumstances the growers have depended on

their advances for profit instead of depending upon the production of

high-class goods, which would bring good prices. The result has been

to cause a deterioration in the average quality, which has injured the

reputation of Imperial Valley muskmelons. The impoctance of coop-

eration between growers and distributoi"s to obtain good quality can

hardly be overestimated.
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POSSIBILITIES OF COOPERATION, i

The contract advance system of marketing appears to be estab-

lished firmly in the Imperial Valley because of the financial situa-

tion, but there still seems to be possibihties for cooperation among
gi'owers. This is particularly evident in the purchase of supplies.

At present all seed used is furnished to the grower by the distributor

at an average price of $1.25 per pound, and crate material is furnished

at a cost of 20 cents per crate, including labels, nails, and paper

wraps for melons. While these prices are by no means exorbitant,

they do, nevertheless, include a satisfactory profit to the distributor,

which might be retained by the grower. A growers' organization by
making purchases of such material might effect desirable economies;

but although the saving probably would be worth while, it would not

be as large as might be expected at first glance, as large Cj[uantities of

crate material must be carried over from year to year and must carry

interest, insurance, storage, and shrinkage charges.

A growers' cooperative organization would be effective also in

taking upon itself the verifying of the distributor's books at the end
of each season. Good business principles alone demand that an
effective check of all sales be made at least once a year. A standard

form of account sales should be insisted upon. Each account sale

should show the market in which the car was sold, the date it arrived,

the date it was sold, and the various prices which the different pack-

ages brought. Occasionally cars are sold outright in a single sale.

In such cases the name of the buyer should be indicated and the

various prices per crate shown. Many eastern receivers acting as

agents for western muskmelon distributoi*s are lax in making a de-

tailed account sales.

QUALITY.

Because of the heavy transportation charges involved the California

muskmelon is distinctly a semiluxury in the large markets of this

country. The only exception is in the markets of the Pacific coast,

to which the freight rates are low, so that the melons can be delivered

at a moderate price. The muskmelon is an article liked by many but
necessary to none. Because of this fact quality is of prime impor-

tance. Inferior or tasteless melons are entirely unsatisfactory to the

consumer, and the frequent purchasing of muskmelons of such quality

will cause him to discontinue buying them. In some seasons the

quality of the Imperial Valley melons has been unsatisfactory, due in

part to the contract conditions already explained. Although the

season of 1915 witnessed some improvement in the average grade
shipped, greater improvement is desirable.

I See Nahstoll, G. A., and Kerr, W. H. "A system of accounting for cooperative fruit associations."
U. S. Dept. of Apiculture, Bui. 225, 1915.
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The necessity for good quality has ])eeii so widely recognized that

in 1915 the State' of CaMfomia passed an act estabHshing a standard

grade for niuskmelons which must be adhered to in the future.

Comparisons of Returns on Muskmelons or Good and Poor Quality.

The 1915 season demonstrated be3^ond question the fact that

only high-quality melons give profitable returns. The differences

in the seUing prices of various brands were very marked and consistent

throughout the season, those of good market quality bringing uni-

formly good prices and those of poor quality the reverse. The
average prices received from the sale of cars of four typical brands ia

four markets on three different days are compared below (Table 2).

A and B contained brands of consistently good quality and sold for

higher prices than C and D, which contained two poorer brands. The
cars were sold side by side on the various markets, and no effort was
made to select cars showing particularly good or bad sales, the indi-

vidual cars having been picked at random.

Table 2.

—

Average prices received per crate for mushnelotis frora the Imperial Valley in

four markets on certain days.

June 19.

Good quality:
A
B

Poor quality:
C
D

June 30.

Good quality:
A
B

Poor quality:
c ;

D

Jiihj 10.

Good quality:
A
B

Poor quality:
C
D

New York.

$2.40
2. 25 to 2. 50

1.75
None sold.

2.50
2. 50 to 2. 75

None sold.

1.90

2.00
2. 25 to 2. 50

1.2,5

2.05

Chicago.

$2.:

2. 25 to 2.

1

1.25
None sold.

2.75
2. 00 to 2. 30

None sold.

1.65 to 1.75

2.25
2. 00 to 2.25

1..50

None sold.

Pittsburgh.

$2.50
2. 25 to 2. 65

L50
1.70

2.50
2.15

None sold.

1.75

2.50
None sold.

None sold.

1.7S

St. Louis.

$2.16
2.25

None sold.

None sold.

2.25
2.00

None sold.

1. 75 to 2. 00

None sold.

None sold.

None sold.

None sold.

The Ideal Market Melon of the Gem Type.

As a market term, the word "quality" has a broad meaning. A
melon of good quality for market purposes must bo not only of good

flavor and texture, but also of the size and shape desired by the

market, of good appearance, possess good carrying qualities, and be

properly picked, packed, and handled. A compariscm of the quality

of any two brands is merely a comparison of the nearness to which

they approach perfection.

Size.—The mark(;t desires a unifoi'm melon, both as to size and

shape. Tlie 45-size standard cantaloupe is the most popular and

52335°—Bull. 401- 16—2
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profitable, and if melons Tary from this size they should run larger

rather than smaller. A few jumbos €an be marketed to advantage^

although these generally do not average as high in price as stand-

ards. Figures covering the net returns of one large distributor for

the entire season of 1915 indicate that the average net returns per

crate for jumbos was 76 per cent of the price realized for standards.

Probably this may be accepted as typical when a fairly heavy supply

of jumbos is moving. There is no basis for comparison between

ponies and standards, as pony shipments were discontinued on ac-

count of low prices after the first few weeks. It can be said, however,

that ponies are seldom profitable after a few early shipments.

Netting.—In addition to uniformity in size and shape, a thick,

heavy netting, entirely covering the melon, is desired. Ideally, this

should be so thick and heavy and stand out so prominently that the

ground color of the melon is hardly visible. Such netting is consid-

ered an indication of good carrying quality and is therefore preferred

by dealers.

Cavity.—The muskmelon should be thick walled, with a small

cavity, and the texture of the meat should be fine grained rather

than coarse. The seed should be attached firmly to the wall of the

cavity. ^Melons of this character have been observed to possess

somewhat better carrying qualities than those with large cavities

or coarse flesh. Early varieties are generally less satisfactory as to

cavity than those maturing somewhat later.

Color of fiesh.—During 1915 another factor in determining popu-

larity was the coloring of the flesh. Green-meated muskmelons with

a pink or salmon-colored lining were most in demand, because of

their pleasing appearance when cut. A number of strains of melons

with this pink lining were used, and the distributors securing the best

results usually shipped such melons. Certain strains of pink-meated

melons which were used in 1915 possessed most of the characteristics

essential to high quality.

i^Za-yo?'.—Flavor is the determining factor in quality. A muskmelon
may arrive on the market in splendid condition and with fiaie appear-

ance, but will not give satisfaction miless its flavor is good. In fact,

all other desirable characteristics are of importance only as they are

accepted as indications of fine flavor or table quality.

Varieties.—The various factors of quality which have been described

are all more or less characteristic of specific varieties of melons. In

1915 three varieties of green-meated melons were widely used in the

Imperial VaUey, these being the Early Waters and various strams

of the Eden Gem and Pollock. The Early Waters ripened early,

and therefore some sold at the early high prices, but after it came
into competition with other varieties it was at a disadvantage l^ecause

of its poorer quality, the high percentage of ponies produced, and its
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large cavity. The cavity of the Early Waters was so large as to have

a decided effect on the average weight per crate. The figures shown
in Table 3 were furnished by the official weighing bureau of the South-

ern Pacific Co., and represent the average weight per crate of the

entire shipments of various distributors taken on the days mdicated.

While some of the differences in weights are due to the varying

skill of diff'erent packers, the results taken as a whole indicate quite

clearly that the Early Waters is not as solid or heavy a melon as the

other varieties. Sales in the market show that it is regarded as

decidedly inferior to other melons from this district.

Table 3.

—

Average weight per crate of certain shipments ofmushvielonsfrom the Imperial
Valley.

Variety.

All Eden Gems
Do

Mostly Eden Gems
All Ecien Gems
All Eden Gems and Pollock..

.

AJlEden Gems
Eden Gem.s and Early Waters
Mostly'Early Waters
Early" Waters and Eden Gems
Mostly Early Waters

Do

Dates. Standard. Pony.

1915. Pounds. Pounds.
June 8-15 69.00 60. 70
June 10
June 7, 10 66.20 59.00
June 8, 15 66.00 57.30
June 7 66.00 57.95
June 7,

8

65.64 57.26
June 7,8 65.00 58.00
June 7 64.83 55.64
Jime 10,11 64.66 55.76
June 7 64.47 57.8
June 11 64.30 55.38

Pounds.
28.45
29.90
26.65

25.5'

27.8
28.50

Percentage of ponies.—Because of generally unprofitable returns

from ponies, good marketing practice makes it desirable to reduce

their number as much as possible. The proportion of ponies to

standards depends on the fertility of the land, the care taken in

growing, and the variety. The Early Waters produced a higher

percentage of ponies than any other variety largely grown in 1915.

Because of conditions not entirely understood, the proportion

of ponies in the entire crop of 1915 was excessive, amounting to

74.7 per cent of the total number of crates shipped, according to

actual count made on June 3, 4, and 5. After this date many of

the pony melons were not packed.

As every pony-sized melon lost is an economic waste, an excess

should not be produced. That the proportion of ponies to standards

can be controlk^d to some extent by the variety j^lanted is indicated

by the figures in Table 4, showing the percentage of ponies to stand-

ards shipped on certain days. Shippers A, B, and C were shipping

only Eden Gem melons, while the others were shipping varying

proportions of Early Waters. The Eden Gem produced at least

50 per cent or more of standards, while shipper K, who had a very

large percentage of Early Waters, could s(^cur(^ only 13 per cent of

standards.
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Table 4.

—

Percentages of ponies and standards shipped on certain days from the Im-

perial Valley.

Standards. Ponies.

Total

Shipper and date. Number
of

crates.

!

Percent-
i

age. !

Number
of

crates.

Percent-
age.

number
of

crates.

Shipper A:
134
417

1,051

46.4
59.7
57.1

155
281
787

53.6
40.3
42.8

289

June 3 698
1,838

Total 1.602 56.7 1.223 43.3 2,825

Shipper B:
178
492

1,142

46.8
52.4
57.5

202
447
842

53.2
47.6
42.5

380
939

1,984

Total - . , 1,812 54.8 1, 491 45.2 3,303

Shipper C:
216
432
858

42.0
48.0
43.0

301
470

1,138

58.0
52.0
57.0

517
902

1,996

Total-.. 1,506 44.0 1,909 56.0 3,415

Shipper D:
June 2

Junes
June 4

114
17S
650

38.0
32.0
38.0

183
372

1,042

62.0
68.0
62.0

297
545

1,692

937 37.0 1,597 63.0 2,534

June 2

June 4

188
368
454

31.8
26.3
27.2

405
1.032
1,218

68.2
73.7
72.8

593
1,400
1,672

Total 1,010 27.5 2,6,55
1

72.5 3,665

Shipper F:
15
26
130

14.0
9.0
30.0

94 86.0
250 91.0
294 70.0

109
276

June 4 424

\

1"1 21.0 6.38
1

79.0 809

June 2

June 4 -

I

10
! 18

!
50

12.0
12.0
25.0

76
132
150

88.0
88.0
75.0

86
150
200

Total -, ! 78 17.9 358 82.1 436

Shipper H:
Jvine 2
June S

June 4

118
208
652

12.0
10.0
18.0

831
1,934
2,887

88.0
90.0
82.0

939
2,142
3,539

978
1

14.7 5,652 85.3 6,620

218
343
802

15.4
13.1
18

1,200
2,259
4,579

84.6
86.9
82.0

1,418
2,602
5,381

Total 1,363 14.5 8,038 85.5 9,401

Shipper K:
183
417
618

12.0
14.0
13.0

1,323
2.615
4,014

88.0
86.0
87.0

1,506
3,032
4,632June 4

Total i 1;218 13.2 7,952 86.8 9, 170
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Proper matuniy.—Tlie picking of the melons at tlie proper stage

of matmity ^ is important in secm'ing good eating quality. The
necessity of allowing melons to mature properly can not be empha-
sized too strongly, as the shipping of green melons is probably the

quickest way in which to ruin the demand in all markets. Distribu-

tors seem to recognize the importance of good eating quahty more
keenly than do the growers, and have tried to insist on the inspection

of melons before sliipment and the rejection of all immature stock.

Shippers and growers must cooperate if the green melon is to be

eliminated from the market.

Inspection.

Before the 1915 season it had been customary to make all inspec-

tions on a sorting platform before loading the crates into cars. It

is very difficult, and often impossible, to make a thorough inspection

after muskmelons are packed, especially if the melons are wrapped,

as the majority are in the Imperial VaUey.

During the 1915 season certain distributors established a field-

inspection system, either as a substitute for or in addition to the

platform inspection. Competent, experienced inspectors in the field,

keeping a watch over and advising pickers as to the proper stage of

maturity and keeping an oversight on packing, have been a great

help in the production of better grades. Such field inspection can

prevent the improper picking and packing of stock instead of merely

rejecting such stock after it is packed, as is the custom with platform

inspection.

Packing.

Imperial Valley growers can also improve their quality by provid-

ing proper packing facilities.^ Many of the packing sheds are of the

crudest sort, having rough wooden sorting bins, mth no padding,

into which melons are tossed, sometimes from a considerable distance.

Padded or canvas-bottomed bins should be provided and melons

should be placed in them carefully and not thro^^^l.

Importance or Quick Handling.

In an extremely hot climate, like that of the Imperial Valley, where

the daily maximum temperature usually exceeds 100° F., musk-
melons ripen rapidl}" between the time they are picked and the

time they are placed under ice. Undue delay in placing them under

ice at the shipping point probably is the most frequent cause of soft

and overrij)o melons on the market. The shorter the time between

picking and actutdly placing the muskmelons under refrigeration,

the more mature they may be allowed to become on the vine. Under

I See Farmers' Bulletin 707.



14 BULLETIN 401^ U. S. DEPAETMENT OF AGEICULTUKE.

ideal conditions they should be in the car and under ice within a few

hours after they are picked. In at least one case where this was
attempted a decided improvement in quality on arrival at market
was obtained.

Under ordinary conditions picking and packing are often done by
the same individuals, who go into the fields and pick for several

hours, and then go into the packing shed and pack. Meanwhile, the

melons have been exposed to the heat. After they are packed they

are again allowed to stand in the packing shed exposed to the warm
winds until a full load is accumulated; often they are held until

several loads are ready. Teamsters have been seen to deliver melons

at the sorting sheds after midnight. The distance of melon fields

from the railroad station is a factor which must not be overlooked

when providing for efficient handling of the crop.

After muskmelons reach the loading shed the crates must be sorted

into piles, according to grade and size, and usually a further delay

occurs before they are loaded. Melons have been observed standing

on loading sheds from a few hours to more than 10, and in one case

for over 24 hours, part of the time in the direct rays of the sun.

These delays must be eliminated or reduced if satisfactory cjuahty

is to be secured.

Effect of Contract Labor on Quality.

Most of the work of harvesting muskmelons in the Imperial Valley

is contracted for by the firms or individuals who employ large gangs

of men, brought to the valley for the harvesting season. Picking and
packing is very seldom done by the grower himself, but is contracted

for at an average rate of 20 cents per crate. Hauling from the pack-

ing to the loading sheds is let to teaming contractors at an average

price of about 4§ cents per crate. Finally, the loading of the crates

from the shed into the cars is not often done by the distributor him-

self, but is also done by contract. The contractor is interested

chiefly in securing a good profit and is inclined to contract for more
work than he can handle efficiently, and to try to economize on labor.

The grower virtually loses control of the handling of his own goods,

and is unable to expedite the work, even if he mshes to do so. The
result has been delay at every step. It is not apparent that the

grower or distributor is unable to handle his own business as economi-

cally as the contractor and certainly he can do so more efficiently.

A further bad feature of the contract system is that it encourages

the picking of immature melons and a bad pack. The contractor

bemg paid according to the number of packed crates, is interested

primarily in packing as large a number as possible. Wlien melons

are not ripening rapidly enough to keep his entire crew busy, the

contractor is losing money, and the result is a tendency to encourage
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as close picking as possible, so that many melons are picked before

being sufficiently mature. Likewise, there is an inchnation to pack
melons of doubtful quality in order to produce a large number of

crates.
Quality of Wrapped and Unwrapped Muskmelons.

The question of the desirability of wrapped m contrast to un-
wrapped muskmelons is one which has been long discussed. In the

season of 1915 many distributors in the Imperial Valley experi-

mented with unwrapped melons, with generally unsatisfactory re-

sults. The unwrapped muskmelons m the majority of instances

arrived on the market in an overripe condition. Reasons for this

have not been estabhshed, the most plausible theory being that be-

cause of the very high temperature and warm winds the moisture in

the melons evaporates very quicldy after they are picked. Further,

they change in temperature and ripen rapidly when deprived of the

shade of the vines. It is beheved that the paper wrap protects the

melons not only from the hot winds but also somewhat from a rapid

change in temperature between the time when they are packed and
when placed in the car.

Whatever may be the reasons, it is certain that the distributors

who wrapped their melons had fewer complaints ' of overripe stock

than those who did not. One shipper decided not to wrap at the

beguuimg of the season, but received so many complaints that in the

middle of the season he decided to wrap all melons thereafter, and

his complaints practically ceased. Market quotations everywhere

mdicated a preference for wrapped stock over the ordinary un-

wrapped. A few market c[Uotations received are given below:

June 21, New York: Receipts, 23 cars. Stock mostly good condition, wrapped

stock being given preference by the trade at higher prices than unwrapped.

June 24, St. Louis: Three cars arrived. Standards, unwrapped, $2: wrapped, $2.25.

.Tune 29, Kan.sas City: Unwrapped standards, $1.50 to $1.75, mostly $1.50: wrapped,

$1.75 to $2, mostly $1.75.

However, the question of wrapped or unwrapped muskmelons can

not be dismissed without reference to one certain brand which was

packed unwrapped the entire season with great success, usually

topping the markets at prices weU in advance of all others. This

brand, however, was picked and packed with special care, and the

melons vr^ra placed under ice promptly without the usual delays.

This proves tliat under favorable conditions and with proper care

muskmelons may be packed unwrapped and shipped to any market

successfully.

The fact remains tliat uruhu- the average conditions hi the Im-

perial Valley unwrapped melons did not prove a success in 1915,

and probably wiU not until picking and packing methods have Ix^cn

moi-c nesai'ly perfected, and ujitil the unnecessary delays between the

fi(;ld and iced car have been eliminated.
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DISTRIBUTION.

The distribution of the western melon crop differs from that of

most other crops, as it is handled almost entirely on consignment.

This is due to its highly perishable nature, coupled with the long

haul to market and the extremely rapid daily mcrease in the number
of cars shipped after the season begins, all combining to make f. o. b.

purchasiug so risky that it is seldom attempted by eastern dealers.

The same factors which make it hazardous for the eastern buyer

to purchase f. o. b. shipping pomt make it necessary for the shippers

to exercise great care in distribution if disastrous retuims are to be

avoided. Quick handling of the goods is essential, as a delay of a

few days or even one day en route may cause melons to be overripe.

Likewise, if best results are to be obtained, it is desirable that re-

frigeration be contmuous from the time that cars are shipped until

they arrive at their final destination, and that car doors remain un-

opened durmg the entire time. For these reasons diversions and
inspections en route should be avoided, and it is highly desirable

that direct distribution be secured at the shipping point.

Not only should the distribution be direct, but it must be wide,

as during the crest of the movement every possible outlet must be

used if the grower is to receive an adequate return for his labor.

Further, the distribution should be efficient; that is, markets should

receive supplies in proportion to their consuming capacity.

The determmation of the proper supply for various markets is

difficult, as it does not vary directly as the population. Certain

small markets take larger daily supplies at profitable prices than do

other larger markets. For the purposes of discussion, j^rofitable

prices are assumed to be prices which will net the grower a return,

equal at least to his cost of production.

Cost of Production.

The exact cost of production per crate for Imj)erial Valley musk-
melons is not a matter which can be determined with scientific

accuracy, as it varies with the fertility of the land, the business

ability of the grower, the rate of j)roduction per acre, and various

other factors. Estimates of cost per crate made by different growers

vary considerably. One of the largest individual growers and ship-

pers figures his total cost at 60 cents per crate on board cars, while

many others believe 80 cents about correct. Table 5 is believed

to be a conservative estimate of the average cost per acre, being-

compiled after interviews with many growers of long experience.

These figures are based on a labor cost of $2.25 per day per

man. The value of horse labor is figured at 75 cents per day per

single horse. Cultivation is figured at the rate of 4 acres per day.
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Table 5.

—

Average cost of production per acre of mushnelons in the Iraperial Valley.

Low. Average. High.

Kent per acre $10. 00
Plowing per acre (hired)
Disking per acre I

Leveling per aero
|

Seed (at Sl.25 per pound) 1. 90
Planting (2 acres per day) !

Thinning and hoeing ;

Cultivating (4 times)
j

Training vines out of furrows
i

Watering (about 15 times) through season, at 50 cents per acre-foot.
}

1. 50

S22. 50
3.00
.75
.50

2.00
1.13
2.25
3.00
1.00
2.00

$40.00

2.25

Total. 41. 88

Yields are variable. One shipper controlling 722 acres in 1913

reports an average yield of 167 crates per acre at one shipping station

and of 222 crates at another. For 1914 the same shipper reports a

grand average of but 126 crates per acre on 562 ^ acres. General

opinion places 175 crates per acre as a good average yield, although

this is somewhat lower than the 1915 yield, which was 185 crates

per acre. On the basis of 175 crates per acre, the per-crate cost of

production is 23.9 cents. Further costs ai-e as follows:

Table 6.

—

Total cost perr a'ate on hoard cars of mushnelons from the Imperial Valley.

Picking and packing (by contract) $0. 20

Crates, nails, and wrappers 20

Hauling (average cost by contract) 045

Shed fee
,

01

Total 455

Growing cost 23'J

Cost on board cars 694

The average grower, therefore, must receive a return of approxi-

mately 70 cents per crate before he is repaid for his labor.

Consuming Capacities of Markets. '

As a guide to consuming capacities of the various markets at prices

returning the grower his net cost of production. Table A (in envelope

at end of bulletin) is presented, showing the daily receipts of Imperial

Valley melons in all markets throughout the United States during

the past season and the average returns from such markets, net to

the grower, after commissions and charges are deducted. These

figures cover returns on every car sold by 11 of the 16 large shippers,

approximately 3,500 cars, or 75 per cent of the total shipments.

Every car sold in every market is not incduded, and cars arriving

in bad condition have been omitted, but there are a sufficiently

large number to form a good basis for calculation.

In each case where it was available the average price for each sized

crate in each car has been taken and the various brands on one
52335°—Bull. 401—16 3
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market in any one day have been averaged together, both the best

and poorest brands being included in the average price thus obtamed.

In some cases only gross or net sales per car were available, and in

such cases the returns have been prorated as follows

:

The manifests have been reduced to a basis of standards, by figuring

3 flats or 1 jumbo equal to 1 standard, while 1 pony has been con-

sidered equal to 70 per cent of a standard. This basis of calculation

for ponies was arrived at by taking the average quotations from

Monday, June 14, to Saturday, June 26 (two weeks of market days),

on New York, Chicago, Pittsburgh, Philadelphia, St. Louis, Mmne-
apolis, and Los Angeles markets. In each city it was found that

during this representative period ponies were quoted at approxi-

mately 70 per cent of the value of standards. The exact general

average of aU such quotations for the ponies was a value of 72.8 per

cent of standards. However, 70 per cent has been selected as a

convenient and approximately accurate value for ponies as com-
pared with standards. After the number of packages recorded on
the manifests had been reduced to the equivalent of standards the

total number of standard crates so secured was divided into the net

return of the entire car to obtain the average price for standards.

Under each date the column marked R represents receipts, or the

number of cars arriving on the market on that date. The column
marked P contains the average net price to the grower for the various

sizes of crates. The sizes of the crates are designated by the letters

S for standards, P for ponies, F for flats, and J for jumbos. In some
cases an apparent discrepancy exists in the prices, as returns from
ponies or flats will appear to be greater than the returns for stand-

ards. Such cases are due to a heavy supply of poor standards on the

market, which pulled down the average price of standards, while all

ponies or flats sold were of high quality.

In some cases diversions were made of which no records were

secured, so that some prices were obtained at points where there

were apparently no cars. With such a large movement and so many
different factors it is impossible to secure absolute accuracy.
" The colmnn headed "Capacity" represents the capacity of each

market to consume muskmelons at prices returnmg at least 70 cents

per crate (the production cost as figured above) net to the grower

expressed in terms of carloads per day (D) or per week (W) . These

figures are based on the returns of 1915.

The estimates of consuming capacity can not be considered

absolutely correct, but are merely approximate. They are based

on 1915 conditions, and can not be applied with exactness to any
other year. Further, they can not be determined exclusively from
returns. The quality of arrivals may be the cause of poor returns,

and though a car may show a loss to the grower, this may not be due
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to an oversup]3lied market, but to the unmerchantable quahty of

the goods. The figiu'cs presented are founded, first, on returns

secm-ed m 1915; second, on the quahty of goods sold m each market;

and, finally, on the opinion of dealers of long experience whose knowl-

edge of conditions extends over many seasons. It is believed that

these figiu'es are the most nearly accui'ate which have been worked
out. The estimates of consuming capacities of southern markets

are based only on conditions prevaihng in the early part of the season

before local competition commenced.

It is possible that consuming capacities in succeeding years may be

a trifle larger, as it must be remembered that during the Imperial

VaUey season in 1915 market conditions were not favorable to the

consumption of muskmelons. The largest crop on record was moved
in a season beginning nine days later than in 1914, when the next

largest crop was moved. The weather in the eastern markets during

this period was the coldest and rainiest known for many years. The
only favorable feature was the unusually poor quality of the bulk

of southern melons which came on the market in competition with

Imperial VaUey stock in July.

By referring to Table Ait may be seen that receipts in most markets

frequently have surpassed the estimated consuming capacity, and

the result was necessarily a net loss to the grower. This may be

avoided to some extent by efficient distribution, but there have been

times each season when, due to extremely heavy shipments, practi-

caU}'- aU the available markets of the United States have been over-

supplied.

The chart shown in figure 1 represents graphically the daily ship-

ments of 1913, 1914, and 1915. The heavy line drawn across the

page at 148 cars represents the estimated maximum daily profitaUe

consuming capacity of the United States. When the movement
exceeds this number of cars, growers should restrict their shipments

or be prepared to stand a loss, since muskmelons can not be stored

successfully. It will be seen that at various times in the past three

years the total shipments have amounted to more than the total

estimated consuming capacity of the entire United States.

It must not be imagined, however, that the estimates contained in

this bulletin represent the ultimate consuming capacity of the indi-

vidual markets in any case or of the United States as a whole. Much
opportunity exists to broaden market outlets and to develop the

consuming capacity of the mark<its now in use. Table 7 lists

the total quantities of Imperial VaUey melons consumed by the

various markets in the United States in 1914 and 1915. A study of

this tabl<5 shows that some 20 new markets that had never before

reff'ivcd f-arloads received direct shipments of muskmelons in the
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past season, some of them receiving several cars. On the other hand,

40 markets which received straight cars in 1914 received none in 1915.

During the 1915 season markets west of the Rockies as a rule largely
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Fig. 1.—Chart showing the daily shipments of muskmelons, 1913, 1914, and 1915.

increased their consumption of Imperial Valley muskmelons, while

many of the eastern markets decreased their consumption.

Unquestionably many towns which have not handled muskmelons

by full carloads in the past could be developed to do so. Cities which
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hare been using steady supplies in the past years may be developed

to consume larger quantities. That consumption does not depend
entirely upon the size of the city is demonstrated by the fact that in

1915 Pittsbm'gh consumed 184 more cars of melons at as good average

prices as Philadelphia, a city more than twice its size. A possible

reason for this is the fact that for many years several of the most
important muskmelon distributors in the United States have had
their headquarters in Pitttburgh, and melons have been pushed

vigorously on the market.

Table 7.

—

Statement of destinations of muskmelon shipmentsfrom Imperial Valley.

Destination.

Aberdeen, S. Dale
AivTon, Ohio
Albany , N. Y
Albuquerque, N. Mex
Altoona, Pa
Amarillo, Tex
Ansonia, Conn
Arkansas City, Kans
Bakersfleld, Cal
Baltimore, Md
Bay City, Mich
Beaumont, Tex
Bellingham, Wash
Billings, Mont
Binghamton, N. Y
Birmingham, Ala
Bismarck , N . Dak
Bloomington,Ill
Boise, Idaho
Boston, Mass
Bradford, Pa
Bridgeport, Conn
Buffalo. N.Y
Burlington, Iowa
Burr Oak, Iowa
Butler, Pa
Butte, Mont
Calgary, Alberta, Canada

-

Cambridge, Ohio
Canton, Ohio
Cedar Rapids, Iowa
f'harleroi, Pa
Chicago, 111

Cincinnati, Ohio
flarksburg, W. Va
Cleveland, Ohio
ColTeyville, Kans
Colton,Cal
Colorado Springs, Colo . .

.

Columbus, Ohio
Crawford , Pa
Cumberland, Md
Dallas, Tex
Danville, 111

Davenport , lowa
Dayton, C;hio

Decatur, III

Denver, Colo
Des Moines . Iowa
Detroit , Mich
Douglas, Ariz
Dubois, Pa
Dubuque, Iowa
IXiluth , Minn
Easton , Pa
Elmira.N. Y
El Paso, Tex
Erie, Pa

Number of cars.

1914 1915

2

10 5
18 8
5 8
IS 9
1

1

1

1 3
34 42
1 4
3 o

I

i 5
2
5 3
1

1 1

2

225 210
1

7 3
59 79
7 9

1

1

18 21

3 4
4 4
8 10

4 10

1

507 689
99 114

7 3
87 74
2 1

11 7

6 11

47 37
4

5 5
15 10

1

9 7

14 12

1

45 71
19 28
48 40

4
t; 2
1 3

9 (1

1

11 11

in 29
11 4

Destination.

Eugene, Oreg
E vansville, Ind
Everett, Wash
Fargo, N. Dak
Fern, Nebr
Flint, Mich
Fort Smith, Ark
Fort Wayne, Ind
Fort Worth, Tex
Fremont, Nebr
Fresno, Cal .,

Gallup, N. Mex
Grand Forks, N. Dak
Grand Island, Nebr
Grand Rapids, Mich
Great Falls, Mont
Hannibal, Mo
Harrisburg, Pa
Hartford, Conn
Hastings, Nebr
Havre, Mont
Helena, Mont
Hornell, N.Y
Houston, Tex
Huntington, W. Va
Hutchinson, Kans
Independence, Kans
Indianapolis, Ind
Ithaca, N.Y
Johnstown, Pa
Joplin, Mo
KalLspell, Mont
Kansas City, Mo
La Crosse, Wis
Lewiston, Idaho
Lexington, Ky
Lima, Ohio
Lincoln, Nebr
Little Rock, Ark
Long Beach, Cal
Los Angeles, Cal
Louisville, Ky
Madison, Wis
Mansfield, CJhio
Mason City, Iowa
Massillon, Ohio
McAlester, Okla
McKeesport, Pa
Memphis, Tonn
Miles City, Mont
Milwaukee, Wis
Minneapolis, Minn
Missoula, Mont
MoVjerly, Mo
Montreal, C^ueboc, Canada
Muscatine, lowa
Muskogee, C)kla

Nashville, Tenn

Number of cars.

1914 1915

4
11 8

3
1 2
1

3

2

1 1

8 4

1

5 14

1

4 6
5

12 4

4 5
1

4 4

14 1

1 2

1

6 4

1

8 5
1

6 8
5 2

39 30
1

3 3

12
1

128 90
4 7

2
2 1

5 1

22 14

9 4

3

279 299

26 13

3

1

2

1

1

22 20
1

31 27

66 69

2 4

2

U 2

2

5 4

8 1
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Table 7.

—

Statemeiit of destinations of mushmelon shipments from Imperial Valley—
Continued.

DestiBation.

Newark, N. J
New Castle, Pa
New Haven, Conn
New Orleans, La
New York, N. Y
North Adams, Mass
Oakland, Cal
Ogden, Utah
Oklahoma, Okla
Omaha, Nebr
Ottumwa, Iowa
Peoria, 111

Philadelphia, Pa
Phoenix, Ariz
Pittsburg, Elans
Pittsburgh, Pa
Pittsfield, Mass
Pocatello, Idaho
Portland, Oreg
Portland, Me
Providence, R. I

Pueblo, Colo
Eegina, Saskatchewan, Canada
Riverside, Cal
Rochester, N. Y
Rockford,Ill
Rock Island, 111

Rock Springs, Wyo
EosevOle, Cal
Sacramento, Cal
St. Joseph, Mo
St. Louis, Mo
St. Paul, Minn
Salina, Kans
Salt Lake City, Utah
San Antonio, Tex
San Bernardino, Cal
San Diego, Cal
San Francisco, Cal
San Jose, Cal -

Santa Barbara, Cal.

Number of cars.

1914 1915

6
3
9

2-1

571
2

30
2

19
67
2
IS

243
4

1

344
2

2
67
4

22
" 7

1

4

3

1

29
18
156

9

4

16
3
1

16
136
13
1

12
3

23
639

4

55
3

14

93
5
14

207
8

391
4

10
83
3
18
4

1

2
3
5

1

3
44
13

122
12
6
20
3

26
210
18

Destination.

,

Number of ears.

1914 1915

Scranton, Pa
Schenectady, N. Y
Seattle, Wash
Sherman, Tex
Sharon, Pa
Sioux City, Iowa
Sioux Falls, S. Dak
South Bend, Ind
South Lincoln, Nebr
Spokane, Wash
Springfield, 111

Springfield, Mass
Springfield, Mo
Springfield, Ohio
Stockton, Cal
Syracuse, N. Y
Tacoma, Wash
Terre Haute, Ind
Toledo, Ohio
Topeka, Kans
Toronto, Ontario, Canada
Tracy, Cal •

Troy, N. Y
Tucson, Ariz
Tulsa, Olda
Tui'ner, Iowa
Twin Falls, Idaho
Utica, N. Y
Wallace, Idaho
Washington, D. C
AVaterloo, Iowa
Watertown, N. Y
Wheeling, W. Va
Wichita, Kans
Wilkes-Barre, Pa
Williamsport, Pa
Wimiipeg, Manitoba, Canada.
Worcester, Mass
Youngstown, Ohio
Zanesville, Ohio

91

18

1

22
9
12
1

2
6
6
17
1

10
21
12

2
5
9

10

25
3

9
15
4

3

Much has aheady been clone in the way of developing markets, as

is proven by the fact that in 1908 a crop of 1,891 cars was marketed
at prices ruinous to all concerned, probably causing heavier losses

than any other crop in the history of the industry, while now a crop

of twice that size can be handled easily with profit, Wliile the work
of educating the public is tedious and often expensive, the broadened

markets which result make it worth while.

SALT RIVER VALLEY DISTRICT, ARIZONA.

HISTORY.

The Salt River Valley district of Arizona begins to ship musk-

melons at about the time when shipments from the Imperial Valley

begin to decrease. In 1915 the first car was shipped from Mesa on

July 4, and the last car was shipped from Glendale on August 1.
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Muskmelons have been grown commercially since 1908, but ship-

ments have not increased appreciably since 1911, as is shown by the
following record of total output.

Table 8.

—

Total shipments of musTcmelons from Salt River Valley district, 1908-1915.

Year. Mesa. Glendale. Total.

190S
Cars.

276
101

66
472

Cars.

56
121

49
240

Cars.
332
282
115
712

1909
1910
1911

Year.

1912
1913
1914
1915

Mesa.

Cars.
161
113
342
320

Glendale.

Cars.
223
220
163
145

Total.

Cars.

384
333
505
465

Growers generally do not specialize in the production of melons,

but grow only a few acres, as part of a scheme of diversified farming.

The muskmelon fields are usually much smaller than in the Imperial

Valley, varying from 2 to 40 acres, there being only one field of

"pink meats" as large as 75 acres in 1915. The average patch m the

Salt River Valley is under 10 acres. This is forcibly illustrated by
the fact that the largest distributor, who shipped about 200 cars,

had contracts with over 80 growers.

The varieties grown include both the green-meated melon (princi-

pally the Eden Gem) and the pink-meated or Burrell Gem, the

acreage being about evenly divided between the two. The growers

surrounding Glendale specialize in ''pink meats."

MARKETING ARRANGEMENTS.

Marketing arrangements are much the same as in the Imperial

Valley, the grower entering into a contract with a distributor to

market all of his muskmelons through the distributor at a commission

of 15 per cent.

Tlie contracts differ from those in the Imperial Valley in only a

few particulars, the general language being much the same. For

instance, advances are made on a basis of a certain amount per crate,

plus the crate material, which is technically furnished by the dis-

tributor as an added item, the cost being afterwards deducted from

the returns. This difference is one of form rather than of substance.

In 1915 the advance on green-meated melons ranged from 25 to 50

cents per standard crate, from 15 to 30 cents per pony crate, and

from 30 to 40 cents per jumbo crate, the average being 35 cents for

standards, 22^ cents for ponies, and 35 cents for jumbos, the crate

being furnished in addition. The advances on pink-meated musk-

melons ranged from 12 to 15 cents per flat crate, depending on the

size and pack of the melons. In addition to the per-crate advance,

a SIO per-acre loan usually is made to growers, payable in two or
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tliree installments during the growing season, the first loan of $5

generally being made either about the 1st of April, or when the melon
fields show 80 per cent of a perfect stand. The per-crate advance is

generally considered to be a guaranteed season average net return.

Two other special features of the contracts are a clause contained

in some- of them binding distributors to wire net results obtained

from each car as soon as it is sold; and another allowing the dis-

tributor to discontinue the advances at any time by giving the

grower 24 hours' notice. Neither of these provisions is contained in

the contracts made in the Imperial Valley.

POSSIBILITIES OF COOPERATION.

Although the growers in the Salt River Valley have been organized

in the past, there was no association in active operation in 191.5. The
opportunities for saving on purchases of materials and supplies through

cooperation are much the same as those which exist in the Imperial

Valley. Crates and nails for green-meated muskmelons are furnished

to growers by distributors at 15 cents for standards, no paper wraps

for melons being included. A charge of 10 cents is made for each flat.

This price, however, includes the paper wraps for the "pink-meat"

melons. Figures obtained indicate that this represents a gross profit

of about 3 cents on standard crates and approxim^ately 2 cents per

crate on flats. However, from this gross profit there must be deducted

the cost of labels and labeling, the shrinkage, breakage, insurance,

storage, and interest charges.

Seed which is now furnished to the growers at $1.25 per pound could

be purchased by an association in large lots at prices from 30 to 40

cents less than this. It is probable that a saving amounting to consid-

erable in the aggregate could be obtained by cooperative purchasing.

QUALITY.

PicKiNa AND Packing.

The problems of securing quality are much the same as in the

Imperial Valley, except that conditions are more favorable. Because

of small acreages a great many growers are able to do their own picking

and packing, with a consequent improvement in the average quality.

Packing is carried on in open sheds much like those in the Imperial

Valley. Wrappers are used only for the Burrell Gem melons, and

then only for the sake of appearance. While packing is generally

fairly satisfactory, room for improvement exists, as is shown by the

difference in weights in the following table of tests (Table 9), taken

on the same day, covering different brands but the same varieties

of melons. These weight tests are the average of an entire day's

shipments.
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Table 9.

—

Average weight tests of different varieties of muslmclons from the Salt River
Valley, Arizona, on one day.

Green meats. Pink meats.

Brand.

Standard. Pony.
Two-
thirds
jumbo.

Jumbo
flat.

Jumbo
flat.

Standard
fiat.

Pony flat.

A
Pounds.

68
69.3

Pounds. PouTids. Pounds.
28.1

Pounds.
26.9

Pounds. Pounds.

B
C . 53.5
D 69.5

70.3
58.3 27.2

E 54.1
56.1

27.4 27.2
31.1

26.2
F 25 1

Effects of Contract Labor.

Some of the work of harvesting is done by contract, as in tlie Impe-
rial Valley, the charges for picking and packing being 8 to 10 cents

for flats and as high as 22 cents for standards. Where work was done

by contract there were often complaints and there were some rejec-

tions on account of poor quality. An example of losses incurred on

account of contract work was observed at the end of the shipping

season when a contractor, who was anxious to complete his job and

discharge his crew, entirely stripped a field of muskmelons, picking

them so green that 600 crates were rejected by the shipper on account

of immaturity and were practically a total loss to the grower. In-

stances of this kind did not occur where the grower did his own work.

Quick Handling.

The hauling of the muskmelons is done almost entirely by the

growers themselves. Because of warm weather there exists the same
necessity for quick handling as in the Imperial Valley. In a field of

melons under observation the inspector was seen to criticize the

picking early in the morning, on account of the slightly green condi-

tion of the melons. The packing was delayed and the melons were

allowed to remain exposed to the heat the entire day, not being hauled

to the loading shed until late in the evening, when a number of melons

were ovempe from undue exposure to heat. Hauling must be done

promptly if good quality is to be obtained.

Inspection.

Growers are una})le to depend upon inspectors to any great extent

to guide them in securing proper quality, for as a result of small and

scattered acreages a constant field inspection can not be mamtained

by the distributors. Platform inspectors generally visit various fields
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for a few moments each morning and spend the rest of the day on the

loadmg platform, inspecting melons as they are brought in by the

ranchers. This system seems to work satisfactorily under Arizona

conditions.

Percentage of Ponies.

Because of proper selection of varieties and favorable climatic con-

ditions in 1915, the percentage of ponies was very small as compared
with the Imperial Valley. It is very doubtful if quality could be

improved in this respect, as the losses from excessive production

of pony melons were very small. The fact that the per acre yield

is somewhat less than in the Imperial Valley may be an influencing

factor in the production of a smaller percentage of ponies. Records

of shipments taken from July 6 to 9 are as follows

:

Table 10.

—

Percentages of ponies and other -melons shipped from the Salt River Valley.

Green meats. Piuk meats.

Shipper.

Ponies.
Jnm-
bos.

Stand-
ards.

Two-
thirds
jumbos.

Jumbo
flats.

Pony
flats.

Jumbo
flats.

Stand-
ard

flat 12's.

Stand-
ard

flat 15's.

A . ...

Per ct.

7.0
16.4
7.7

Per ct.

30.3
Per ct.

38.5
83.6
41.7

Per ct.

11.0
Per ct.

14.2
Per ct.

13.3
6.7
11.9

Per ct.

15.1
Per ct.

52.0
50.0
88.1

Per ct.

19.6
B 4.3
C 50.6

DISTRIBUTION.

Returns to Growers.

Distribution problems in aU western melon sections are practically

the same. Results in Arizona in 1915 were especially favorable,

because of the almost total failure of the Indiana crop and the gener-

ally poor quality of melons from eastern sections which usually com-
pete with Arizona. Pools of season averages, published by two
distributors, show, in Table 11, the returns to Salt River Valley

grov/ers in 1915.

Table 11.

—

Average returns per crate to two Salt River Valley growers during 1915
season.

Green meats. Pink meats.

m

Shipper A. Shipper B.i Shipper A. Shipper B.'

Two-thirds jumbos
Standard

$0.80
1.107

10. 667
1.00

Standard flat I2's
Standard flat 15's

SO. 364 SO. 385
.30

Jumbo flats .365 .195
Ponies .683 .58- .41

Ponies (45's and 54's) .714

1 Approximate.
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Cost of Growing.

The actual records of growing costs taken from a large field of

"pink-meat" melons at Glendale are as follows:

Table 12.

—

Cost of production per acre of mushmelons at Olcadale, Salt River Valley.

Land rent |10. 00

Plowing 2.50

Disking and harrowing 3. 00

Furrowing

Seed

Hoeing

Cultivating

Turning vines

Labor of irrigating.

Irrigation water. .

.

.75

1.50

8.60

2.00

.65

1.90

1.00

Cleaning ditches $0. 20

Picking crates used in field 1. 00
Picking and packing, 400 flat

crates per acre, at 9 cents 36. 00

Hauling melons from field to shed

.

4. 00

Hauling 400 flat crates from shed
|

to town, at 1 cent 4. 00

Total. ^'2. 10,

As this field produced 400 flat crates of ''pink meats" to the acre,i

the total cost was 18 cents per ci*ate, to which must be added 10 cents

for crates, nails, and wrappei-s, making the cost on board cars 28 cents. I

In the Mesa district, where most of the green-meated muskmelons
are grown, an estimate of costs was obtained from the grower of a large

'

field of Eden Gems. The figures are based on a labor cost of $2.50

a day per man and 75 cents a day per horse. The cultivation is

based on the rate of 4 acres a day per man with a single horse. The
following figures cover a typical melon field and are beheved to

represent the average, although it is known that costs in other fields

may vary considerably from tliis:

Table 13.

—

Cost of production per acre of mushmelons from Mesa distfict, Salt River
Valley.

Rent $15. 00

Plowing, first time 3. 00

Plowing, second time 3. 00

HaiTowing. disking, and leveling. 3. 00

Seed, at $1.25 per pound 1.00

Planting 5 acres per day 50

Thinning and hoeing 2. 25

Estimates of normal production in the Mesa district seem to agree
that 150 crates per acre is a fair average. On this basis the grow-
ing cost of the above field was 22.3 cents per crate. The total cost

per crate on board cars was, therefore, as follows

:

Table \A.~Toi(il cost per crate on hoard cars of mushnelonsfrom the Mesa district, Salt
River Valley.

Growing cost jjO. 223
Picking and p.HkinL' (}>y ronlcact) 22

Haiilini O:;

Shed U:<- 01

Crate material 15

Cultivating 4 times |3. 25

Training vines 1. 25

Water about 10 times, at 50 cents

per acre-foot 1. 25

Total 33.50

Total G33
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Distribution ix 1915.

Table B (in envelope at end of bulletin) has been prepared to

sbow the actual results obtained in the various markets at different

times during the 1915 season, in order that it may be used as a par-

tial guide in the future. However, the figures shown in this table

can not be relied upon entirely, as competitive shipments from other

points will greatly influence the results obtained. Because of a crop

of poor quality in the East in 1915, the competition received by
Arizona melons was below normal. Further, in calculating the re-

sults which may be obtained in any market, the competition from
' other western sections, such as the Imperial Valley and the Moapa
and the Turlock districts, must be considered very seriously. There-

fore, no attempt has been made to draw up any definite table of

, the consummg capacity of various markets for Arizona melons, as

I

there are too many factors which vary from year to year. However,
a careful study of the net returns secured by the grower in 1915 (cost

of package not deducted) should be a valuable aid in the selection

of markets in the future.

MOAPA DISTRICT, NEVADA.

HISTORY.

Commercial muskmelon growing in Nevada is confined to the

! Moapa Valley, this being a narrow valley extending from Moapa,
on the main line of the San Pedro, Los Angeles & Salt Lake Rail-

road, southeastward for about 20 miles, which is served by a branch

line of the raikoad. The district is an old one, having been shipping

yearly since 1906. The mdustry has not developed rapidly, as the

! acreage necessarily is limited by scarcity of water, the entire valley
' depending on warm springs for its irrigation water. However, the

acreage planted has increased shghtly nearly every year. In 1910

there was a decrease, due to unsatisfactory returns the year before.

Yearly shipments since 1906 are shown in Table 15.

Table 15.

—

Total shipments of mushnelons from Moapa district, Nevada, 19Q6-1915.

Cars. Cars.

1906
1907

21

15
56
165
75

1911
1912

97
119
159
299
276

1908
1909
1910

1913
1914

1915

The beginning of the shipping season follows very closely upon
that of Arizona, extending from July 7 to August 4 in 1915. The
acreages are generally not large, the crop being handled rather as a

side issue. Except for a small number of Indians residmg on a

neighboring reservation, no labor except that of the resident ranchers
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is available during tlie rush of harvesting, and the harvesting work
and packing must be done largely b}^ local help. The green-meated

varieties are grown exclusiveh^.

MARKETING ARRANGEMENTS.

For a number of years marketing has been handled almost exclu-

sively by one firm of distributors at a commission varying according

to the sections of the United States in which the cars have been

sold, 17J per cent being charged in the territory north of Denver

and Salt Lake and west of Minneapolis, and 1 5 per cent in the remain-

der of the country. No information is available regarding advances.

QUALITY.

All melons are shipped unwrapped. The quality and pack has

generally been fairly satisfactory, although it could be improved by
methods suggested for other sections.

DISTRIBUTION.

For many years Moapa Valley muskmelons have been marketed

almost exclusively in western cities, only a few cars gomg to eastern

points. As a result of the scarcity of good muskmelons in the eastern

section in 1915 a larger number of cars than usual were shipped

east. Table C (in envelope at end of bulletin), showing the receipts

of western muskmelons on the markets during the Nevada season and

the prices obtained for Nevada melons on the various markets, illus-

trates the success met with in the different cities.

The results obtained in 1915 were good, and certain of the smaller

western markets were used to very good advantage. It is probable

that the distribution could be broadened if necessary to provide for

increased acreage. The only obstacle in the way of going farther

afield for markets is the fact that in the past the growers in the Moapa
Valley have been accustomed to picking then' melons for delivery in

the near-by western markets; consequently it is not unhkely that

most of the melons may be a trifle too soft for shipment to distant

points. In fact, some complaints to this effect have been heard in

the markets, but such objections could be easily overcome.

TURLOCK DISTRICT, CALIFORNIA.

HISTORY.

The Turlock district is located in the San Joaquin Valley in the

vicinity of Turlock, Cal., which is the principal shipping station, a

majority of the cars bemg shipped from this point. The area of the

district is not large, and the growers arc resident ranchers exclusively,

very little or no land being rented for the purpose of growing musk-

melons. The patches generally are not large, and are cared for })y the

owners as part of a plan of diversified farming. The varieties grown
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are very largely the green-meated, especially various strains of the

Eden Gem and Pollock. Only a small acreage of BmTell Gems is

grown. The district is notable in that it is the only western musk-
melon section not depending upon surface irrigation. Although the

San Joaquin Valley is supplied with water for irrigaiton, and alfalfa

and grain fields are irrigated freely, the growers depend entirely upon
subirrigation or seepage to supply the necessary moisture.

The muskmelon crop was not generally very profitable prior to

1915. Shipments were limited by unsatisfactory market conditions

in previous years, and only a portion of the crop was moved. In 1915

the markets were good, and shipments continued for a long season,

car lots going out from July 20 until October 4. The following figures

show the difference between shipments in 1914 and 1915:

To- 19U 1915

East
Cars.

539
120

Cars.

1,350
204West. -

.

Total 659 1,554

So far as could be learned, the acreage was substantially the same
in both years, and the production about the same. Had the market

been as satisfactory in 1914 as in 1915, it is not improbable that the

same nmnber of cars could have been moved. In other words, it

seems probable that half of the crop of 191,4 was lost for lack of

markets.
MARKETING ARRANGEMENTS.

Muskmelons probably have been marketed in a greater variety of

ways at Turlock than in any other western sections. In previous

years large numbers were purchased from the farmers' wagons by
buyers stationed in the railroad yards, but this was not so much the

case in 1915. Fairly large acreages were contracted to distributors

to be marketed at a charge of 15 cents per crate. So far as is known,
there were no advances made in any of these contracts. A coopera-

tive organization was formed, which handled a considerable tonnage

for 15 cents per crate. After a 5 per cent dividend was paid on the

stock, any surplus was to be returned to the growers at the end of the

season, being prorated on the basis of the volume of shipments offered

by each grower.
QUALITY.

The quahty of Turlock muskmelons during the 1915 season was
generally satisfactory, although not uniform. The prices at which
different brands sold on the market varied considerably. Certain

brands also were very uneven, some very good packs and some very
poor being observed in the same cars. No wraps were used on any
of the Turlock melons.
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DISTRIBUTION.

The question of distribution is fully as important in Turlock as

elsewhere. The 1915 season was the first in which ixiuskmelons from
this region were shipped successfully to eastern markets in any con-

siderable quantities. Because of the scarcity of good melons in the

East at precisely the time when Turlock was shipping, and because

of the lateness of the Rocky Ford season and the poor quahty shipped

therefrom, the Turlock district practically had the market to itself

so far as muskmelons of high quality were concerned.

As a result of these Conditions, the returns were remarkably good

and the season yery successful. However, it remains an open ques-

tion whether Turlock melons can invade the eastern markets and

pay a profit to the growers in normal seasons, when a fair quantity

of good local melons are available.

Table D (in envelope at end of bulletin) has been prepared to

show the net returns received by the growers on the different

markets of the United States from day to day. This table covers

practically the entire shipments of the season and contains figures

covering approximately 1,400 cars of the total number of 1,554 cars.

The only information available in each case was the net return to

the shipper and the manifest of the individual cars. The manifests

of the cars were reduced to a basis of standards by considering ponies

equal in value to 70 per cent of a standard and by considering flats

equal to 33J per cent of a standard. The total standards secured

by such a method were divided into the net amount received by
the distributor, and this is taken as a net return per standard. In

each case the distributor's or association's selling charge must be

deducted from the figures cpioted in order to secure the net amount
to the grower. Since selling charges vary, distributors' commissions

have not been deducted. The figures quoted in each instance are

averages; that is, the various brands appearing on one market for any

one day were averaged together.

This table is presented merely as a basis of comparison between

various cities and as a record of the season's results. It should not

be accepted as an assurance of what may be expected in other seasons

with the same volume of shipments, as conditions in competitive areas

were not normal in 1915. The next season may show entirely dif-

ferent results, but the chart may be used as an index of the com-

parative success with which different markets were used in 1915.

COLORADO DISTRICT.

HLSTORY.

The Arkansas VaUey district of Colorado is the oldest, and for

many years was the heaviest, wcjstern muskmclon-producing aica in

the l.'nited wStates. It is divided into two distinct sections, the
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Rocky Ford district, located along the line of the Santa Fe Railroad,

which raises about 80 per cent green-meated muskmelons and 20 per

cent pink-meated; and the Ordway district, which is about 15 miles

north and northwest of the Rocky Ford district, located along the

line of the Missouri Pacific Railroad and devoted exclusively to the

pink-meated Burrell Gem variety. Some stations as far as 60 to 80

miles east of Rocky Ford also ship a number of cars of muskmelons,

and these points are usually considered a part of the Rocky Ford
district, although they are separated by a stretch of country in which

no melons are grown. The production in Colorado has increased

somewhat of late years, but by no means in the same proportions as

in the Imperial Valley. The decided decrease in production in 1915

may be attributed to a short crop, due to late spring frost and a back-

ward season. The follomng is a table of shipments for several

years.

Table 36.

—

Total shipments of mushnelons from Colorudo district, 1908-1915.

Rocky-
Ford

district.

Ordway
district. 1

Rocky
Ford

district.

Ordway
district.i

1908
Cars.

615
1,129
1,324
1,235

Cars.

1912
Cars.

1,132
1,695
1,732

789

Cars.

1909 1913
1910 1914 942
1911

'

1915 228

1 No figures available until 1914.

The Colorado shipping season is the latest of any of the highly

important regions, extending from August 30 to October 13 in 1915,

but this was abnormally late.

The acreages of individual growers are generally small, varying

from 2 to 20 acres, with only a few patches which are larger. The
muskmelon crop is one of a number of important crops, but few
growers specialise m it. The crop is marketed almost entirely under
contract between growers and distributors, although there is some
cash buying by distributors and commission men on the ground

during the season, which amounts to a small proportion of the total

shipments. The terms of contracts differ in the two districts.

MARKETING ARRANGEMENTS.

Rocky Ford Contracts.

In the Rocky Ford section there are two distinct classes of grow-

ers—the tenant-farmer growers and the landowner growers. The
former are generally unable or unwilling to finance the growing of

their crops, and their marketing arrangements are usually based on a

guaranteed-advance-per-crate type of contract. Under such con-

tracts in 1915 the advances were generally 50 to 55 cents per standard'
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crate, 25 cents per flat crate, and in some cases 25 cents per pony
crate, though the larger number of the distributors refused to make
any advance whatever on pony melons. Under such contracts the

crate material usually is furnished to the grower by the distributor

at cost or at a price allowing the distributor a small margin of profit.

Pools are made biseasonally—one for the shipments made m August
and the second for all shipments from September 1 to the end of the

season. The distributor reserves the privilege of discontinuing all

advances upon 24 hours' written notice. The commission on the

advance, as well as the no-advance types of contracts, is 15 per cent.

Dm'ing the past year most of the owner growers adopted a contract

which contemplated no advance payment per crate by the distributor.

These owner growers generally do not need financial assistance in

producing their crops. Under tliis contract as written the distributor

performs no service but loading the cars and marketing them. These

growers purchase their own material either individually or through

theu' association. A feature of one such contract was that returns

were made to the association without delay by the local agent of the

distributing company on the same day that the car was sold in the

eastern market, the result being telegraphed by his eastern connec-

tion. Further, copies of all account sales were mailed directly to the

growers' association by the eastern agent of the distributor, these

acting as a check on the wired amount.

It should not be inferred that no oAvner growers have contracts

mcluding advances or that all tenant growers have contracts mth
advances. No hard-and-fast rule can be set regarding contracts of

the Rock}' Ford district, but in a general way the various classes of

growers in 1915 made contracts as indicated. A copy of a "no-

advance" type of contract is given below:

Agreement and Contract.

This agreement made and entered into this 15tli day of March, 1915, by and between

, party of the first part, and
,
party of the second part.

Vritnesseth: That,

Whereas party of the first part is at all times engaged in shipping, marketing, and

distributing cantaloiii>e3 on commission; and

Whereas party of the second part is engaged in the growing of cantaloupes;

This agreement is such that the party of the second part agrees to plant 140 acres of

cantaloupes, eighty (80) per cent Eden Gem variety and twenty (20) per cent Osage

Gem variety, and properly prepare the ground, plant, cultivate, grade, and pack can-

taloupes, making e\ery effoi't to secure best quality of product, and deliver same to

the .said party of the first part in good merchantable condition, at the platforms:

for inspection, the inspectors to be furnished by the said party of the first part.

It is further agreed that for and in consideration of the party of the second part

growing and delivering said cantaloupes, as aforesaid, the pa)ty of the first part shall
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receive same at loading stations at , advance all freight, refiogeration, and cart-

age charges on said cantaloupes to and at their destination, and deduct the same from

gross sales, as herein provided.

The party of the first part further agi'ees to note on ail accoimt sales, as far as practi-

cable, the shippers numbers on all such crates that are not up to grade.

It is further agi'eed that the party of the fu'st part ehaii furnish ail lumber and labor

for loading cars at its own expense.

Party of the first part agrees to receipt party of the second part for all melons deliv-

ered, check same into the cars, and deliver duplicate of receipt book and car tallies to

party of second part or its representative at the end of each week.

Party of the second part agrees to furnish ail crates, nails, and wi'appei's, and canta-

loupe seed, at its own expense, and to label properly ail crates with labels to be fur-

nished by party of the first part.

It is further agreed that the party of the second part does herebj^ appoint the party

of the first part as its exclusive agent, to distribute, market, and sell all cantaloupes

gi'own and shipped east by the party of the second part during the season of 1915.

It is further agreed between the parties hereto that all cantaloupes are to be matured
properly and well graded, and that the inspector shall have full authority to refuse

such cantaloupes as do not come up to these requirements. All cantaloupes are to be
delivered in uniformly packed crates as follows:

Standards, 12 x 12 x 23^ inches in size, containing 45 cantaloupes each; jumbo
flats, 4J X 13^ X 23J inches in size, containing 12 or 15 cantaloupes each; Osage Gems,

4^ X 13t} X 23| inches in size, containing 12 or 15 cantaloupes each, properly wrapped.

First party shall load all cantaloupes accepted by it as being in accordance with this

contract, and shall strip the cars and have same billed in the name of

to first party at such point or points as first party may deem proper, to be marketed.

First party agrees to have the same marketed according to its best judgment and
ability, and to report to first party's local agent at by wire, separately, for

each car, as soon as the same is sold, and said local agent shall at once give second

party a check in full for the proceeds of said car, after deducting from the gross amount
of sale, all charges for freight, refrigeration, and cartage, and also fifteen per cent

upon the gross amount of such sale as fijt'st party's commission for its ser\-ices here-

under; first party shall mail to party of second part duplicate of account sales of each

and every car sold by each agent selling the same as soon as rendered by such agent.

There shall also be deducted by first party a shed fee of one cent per crate on standard

crates and one-third of one cent per crate on flats, to be held by fij'st party and paid

to the owners of the respective sheds at the end of the season, for the use of such

sheds. There shall also be deducted by first party the sum of two per cent from

the gross sales, as made, to create a fund out of which to pay any shortage that may
arise dming the season, in case any car or cars shall not pay freight, refiigeration, and
cartage charges. At the end of the season any balance in such fund shall be paid by
first party to second party, to be distributed by it to the growere furnishing such

cantaloupes, in their proper proportions.

It is further agi-eed that the net Bums paid to second party by first party from sales

shall be distributed by second party to the growers according to their respective

shares, and first party shall not be responsible for the making of such distribution

by second party.

It is further agreed between the parties hereto that if the transportation company
over whose lines said cantaloupes are transported requires a bond for payment of the

transportation charges on said cantaloupes to their destination the said party of the

first part will furnish satisfactory signers for such bond so required by the transporta-

tion company.
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All of which is mutually agreed by and between tlie parties hereto.

In witness whereof the said party of the first part has caused this agreement to be
signed on its behalf by its manager and said second party has caused the same to

be signed in its name by its president and secretary the day and year first above
written.

Ordway Contracts.

In Ordway all contracts were made on the advance-per-crate

basis ill 1915, the crate material being furnished to the growers fo}'-

the distributors either at cost or at a small margin above cost. All

advances were lik&wise a guaranty of the season's average net return,

but could be discontinued by the distributor at any time upon 24

homes' written notice. The average advance on standard flat or

jumbo flat crates of Burrell Gems was 21 cents and the average

advance on pony flats was 9 cents. The distributors uniformly

received a compensation of 17^ per cent commission, the handling

of Burrell Gem melons being said to be somewhat more expensive

than the handling of the green-meated varieties.

COOPERATION.

Cooperation in the Colorado muskmelon districts is generally in'

a more advanced stage than in many of the other melon-producing

sections. The growers are organized at practically all of the ship-

ping stations, and contracts are made between associations and
distributors rather than between individual growers and distributors.

Some progress has been made in the direct purchasing of supplies by
associations, and in most cases association officials make a fairly

accurate audit and check of distributors' books. The work of the

associations might be extended considerably to good advantage.

QUALITY.

Causes of Poor Quality in 1915.

The marketing of the 1915 muskmelon crop from Colorado was un-

fortunate and unsuccessful. This condition maybe attributed almost

entirely to the generally very poor quality of the melons shipped.

This was due to several causes, including a late spring, which caused

replanting and a late crop, and the harvesting of green melons.

Other reasons were unseasonably cold and wet weather during the

summer, causing slow growth, the presence of some rust, and the

scarring of many of the melons by grasshoppers. Altliougli tliese lutt(a*

causes contributed to unsatisfactory quality, they were almost
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negligible compared to the damage caused by improper picking and
packing.

Early market conditions probably were never more indicative of

good returns for Colorado melons than they were during 1915. The
season opened with the eastern markets almost entirely bare of

muskmelons and with the public appetite for western melons whetted

by the generally satisfactory quality of those from Turlock. In

addition, the weather was abnormally hot and favorable to the con-

sumption of melons in all of the eastern markets in the early part of

September. The result was a strong demand for melons seldom

equaled at that time of the year. For the first 10 days that Rocky
Ford melons were upon the market, September 8 to 18, they sold at

as good or better prices than the melons from Turlock, Cal. Nor-

mally, this state of affairs should have continued, for the Cahfornia

season was nearing its end and the quality of the melons was deterior-

ating, while the Colorado melons should have been at their very best.

However, on accomit of the danger of frost and the eagerness of

Colorado growers to take advantage of the prevaihng high prices,

I many of them picked all melons that were even fairly netted, whether

they were matured or not. The situation was aggravated by the fact

that certain cash buyers paid high prices for the first few cars of

melons, although these were green.

I After the public had bought Rocky Ford melons for a week with

constant disappointment because of poor flavor, prices began to

drop, and on September 1 7 Rocky Ford melons sold in Chicago at 75

cents per crate less than Turlocks, and in New York at $1 to $1.25

less. Up to that date prices for muskmelons from both sections had
been identical. Prices of Colorados continued to dechne rapidly and
on September 23 standard crates sold as low as 50 cents each in

Chicago and 75 cents each in New York, these prices being less than

the cost of the freight itself. Later they sold even lower, and several

instances were reported where entire cars were hauled to the dump
and emptied. In some cities cars were condemned by the local

health officials as being too green to be fit for food. The market
prices of Colorado and Turlock melons in Chicago and New York
from September 8 to September 21 are shown in Table 17.
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Table 17.

—

Marlcet prices of Colorado and Turlock mushnelons in Chicago and Neiv York.

Chicago. New York.

Date. California. Colorado. California. Colorado.

Standards. Flats. Standards. Flats. Standards. Flats. Standards. Flats.

Sept 8 1S3.50
2.50-3.00
2. 75-3. 00

3.50
3.75

15.00
4.00-4.50

4.00
3. 5^4. 00
3.50-4.00

4.00-4.50
3.00^.00
2. 75-3. 25

14.00
2. 75-3. 50

14.00
3.00-3.25
2. 00-2. 50

13.25
1. 75-2. 50
12.50-3.00

i$1.25-1.50

1.00-1.25
1.00-1.25

1.50
1.50

12.25

1.50-1.75
1.50-1.75

1.75

1. 75-1. 85
1.50-1.75
1.00-1.50
12.00-2. 25
1.00-1.50

12.00
1.00-1.25

1.00-1.15
U. 50-2. 00

S2. 00-2. 25 $1.00-1.10
.85-1.00
2.35-1.00

1.00
1.25-1.40

1.50
1. 15-1. 25
1. 15-1. 25

1.00
1.00

.75- .85

.65- .85

.65- .75

.50- .75

.65- .75

9 $0. 75-0. 85
.80- .85

$2.25-2.50
2.50
2.50

3.00-3.25

3.00
3.00

2.75-3.00

2. 25-2. .50

1.00-2.00
1.50-2.00

1.00-1.75

1.00-1.50
.50-1.25

1.00-1.50
12.00-2. 50

$1.25
10
11

2.00
2.50

2. 75-3. 00

2.75-3.00
2. 75-3. 00
3.00-3.25

3. 00-3. 25
3.00-4.00

3.00-3.25

2.00-2.25
3.00-3.25

2.25-2.50

S3. 50 1.25-1.40

13

14 4.00
3. 00-4. 00

1.65-1.75

15
16

1. 15-1. 25
1. 15-1. 30

1.25-1.40
1. 50-1. 75

'i.'25^i."35"

1.25

1.00-1.25
3 1.75

17
18
20

21

22
23

24

2.75-3.00
2.00-2.75
2.00-2.50

2.00-2.50

1.60-2.00
.75-1.25

1.50-2.00

•1 1. 25-1. 50
1.25-1.50

1.00
.75-1.25

.50- .60

.60- .80

.65- .75

.65- .85

1 Fancy grade. - Green. 3 I2's. i 15's.

Dealers and consumers interviewed by representatives of the

Office of Markets and Rural Organization stationed in the various

markets reported that many of these green melons would not ripen,

but rotted instead of maturing. Those which did appear to ripen

merely became soft, but gained no flavor.

Not all growers shipped immature goods, as a few brands and a

few marks were of fairly good quality, and obtained somewhat better

prices. But such a large percentage of unsatisfactory stock was
shipped that the whole market was injured, and consumption of

Colorado melons dropped so low that even the best brands did not

bring satisfactory prices. While it is true that prices naturally would
have declined somewhat with the colder weather toward the end of

the season, the main reason for the generally poor returns was the

shipment of green melons.

Gn.\Dixo, Packing, and "Wrapping.

Grading and packing usually are done in sheds in, or close to, the

fields, the melons generally being sorted for grade but not for size

before going to the packer. The packers size the melons during the

packing operation. No wrappers are used on grecn-meated melons,

but all pink-meated ones are wrapped.
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Inspection.

Because of tlie small and scattered acreages, it is not practicable

for the distributors to establish a field inspection service. Platform

inspectors usually visit various fields for a short time each mornmg,
but they are able at the most merely to give advice with reference to

general conditions. The growers and distributors therefore depend

largely upon platform inspection, which never can be entirely efficient

without the hearty cooperation of the grower.

DISTRIBUTION.

While fairly good distribution of Colorado melons was secured, in

1915, it had little effect on prices for reasons already explained.

Table E (in envelope at end of bulletin) fists receipts of cars in vari-

ous markets and the average prices actually secured in these markets

in 1915. It is valuable only as an example of the impossibility of

securing good results by efficient distribution when other factors

necessary to success are lacking. No conclusions can be dra^vn from

this table with reference to the consuming capacity or market prefer-

ences of any citj^

ADDITIONAL COPIES

OF THIS PUBLICATION MAY BE PEOCUEED FBOtf

THE SUPEEINTENBENT OF DOCXTMENia
GOVEENMENT PEINTIKG OFFICE

WASHINGTON, D. C.

AT

16 CENTS PER COPY



CHARTS SHOWING- DISTRIBUTION
OF WESTERN MUSKMELONS IN 1915

1—^A. Daily receipts of muskmelons from the
Imperial Valley, Cat., in all markets,
with net returns to the growers.

2—B. Daily receipts of muskmelons from the
Salt River Valley, Ariz., in all markets,
with net returns to the growers. «

3—C. Daily shipments of muskmelons from
Moapa, Nev., to all markets, with net
returns to the growers.

4—D. Daily receipts of muskmelons from Tur-
lock, Cal., in all markets, with net re-

turns to the growers.

5—E. Daily receipts of muskmelons from Colo-

rado in all markets, with net returns

to the growers.

52335°—BulL 401—16
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INTRODUCTION.

The experiments with cereals at the Akron Field Station^ were

begun in the fall of 1907. They have been conducted for the follow-

ing purposes: (1) To determine the best crops, crop varieties, and

strains for that section of Colorado
; (2) to improve varieties by

breeding; and (3) to determine the best methods of cereal pro-

duction.

This bulletin contains the results of experiments conducted during

eight years, 1908 to 1915, inclusive. A period of eight years should

be sufficient to warrant drawing some fairly accurate conclusions.

It is believed, however, that the production factors in this period

have been rather more favorable than can be expected in a longer

period.

The data herein presented should indicate the relative values of

the cereals. They should also show the best varieties of each cereal

for this district and for localities with similar conditions.

' The Akron Field Station, Akron, Colo., is operated hy the Office of Dry-Land Agriculture Investiga-

tions. The cereal experiments arc conducted )>y the O ficc of Cereal Investigations in cooperation with

the office named. These experiments werehegun in 1907. Mr. Wilson G. Shelley was in charge from March

1 , 19(j8, until Feb. 28, 1911. Mr. Clyde McKee was then appointed scientific assistant and placed in charge

of cereal investigations at Akron, which position he retained till Feb. 15, 1913. lie Mas then succeeded by
Mr. Charles 11. Clark, who remained till July 1, 1913, on which date ho was transferred to take charge of

flax investigations in the Office of Cereal Investigation.s. The writer of this bulletin was placed in charge

of the cereal experiments at Akron on the date of Mr. f lark's transfer. "^Lf.

50400°-Bull. 402—le 1 ^^.
''
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DESCRIPTION OF THE DISTRICT.

The district here described includes northeastern Colorado and

small adjacent portions of southeastern Wyoming, southwestern Ne-

braska, and northwestern Kansas. The results presented are believed

to be generally applicable to similar soils in this district. The river

valleys and sand hills present very different conditions.

HISTORY.

The district described formed part of the Great American Desert

in the early history of the trans-Missouri West. It was the feeding

ground for the bison and antelope. The bisons were exterminated

by hunters and only a few antelopes remain. The bisons were suc-

ceeded by large herds of cattle. Vast areas were controlled by the

few cattlemen who held the scattered water holes or owned the ad-

joining river land.

With the building of the railroads up the vaUeys of the Platte

and the Republican Rivers and of other lines to the south came the

first real farm settlement. The free Government lands brought

thousands of settlers who did not understand dry-land conditions.

Many did not remain long enough to obtain patents to their home-

steads. Many of those who did remain borrowed money on the land,

and later the mortgages were foreclosed. The result was that a wide

strip of land on each side of the railroads soon came to be controlled

by nonresident owners. This condition is gradually being changed,

but the land far from the railroad is often the most thickly settled,

even at the present time.

Farm experience and scientific experiments have built up a system

of agriculture which promises to make possible the profitable reoccu-

pation of lands held by nonresidents.

TOPOGRAPHY.

The district is a rolling prairie, bounded on the west by the foot-

hills of the Rocky Mountains and on the east by an imaginary line

located somewhere near the one hundredth meridian of longitude.

It extends south to the high divide between the Arkansas and Repub-
lican Rivers and north to the divide between the Platte and Missouri

Rivers. The Platte is the only important river traversing the dis-

trict, and during the summer months its waters are often reduced to

the proportions of a creek. The altitude varies from 3,500 to 5,500

feet. The topography of the section is shown in figure 1.

The water supply is almost entirely from wells. The depth varies

from a few feet to several hundred feet. In some localities water has

not been located at any depth. New settlers should make sure that

a supply of good water is available.
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SOIL.

Geologically the district was once part of the bed of a Cretaceous

sea. It contains manj' deposits of marine fossils which add to the

natural fertility. The roUing character of the surface is partly due

to wind action. Movements due to wind are still in progress, but
vegetation retards the action. Many depressions formed by wind
have no drainage outlet. The result of the combined forces is a

sandy soil, often of considerable depth, very deficient in humus. In

a few localities the subsoil is very different from the topsoil. Clay

may be found only 1 or 2 feet below the sand. The natural vegeta-

tion is an indicator to the experienced eye of the character of the

soil;^ but no examination of land in this district is complete until a

few holes have been dug to a depth of 4 or 5 feet. The very sandy
lands should not be broken, on account of soil blowing.

Fig. 1.—Sod broken with a moldboard plow near the Akron Field Station, showing the topography of

the locality.

An estimate based on the figures of the Thirteenth Census places

the proportion of cultivated land at about 6 per cent of the total

area and the proportion in cereals at about 2.5 per cent of the total

area.
CLIMATE.

The climate of the district is healthful. The air is dry and is

usually in motion. Strong winds are very common, but tornadoes

are rare. The winters are generally mild and open, but occasionally

snow falls early and remains until spring.

There is a gradual decrease in precipitation from east to west.

About two-thirds of the precipitation falls during the growing season,

' .Sharit/,, H, L. Natural vegetation as an indicator of the capabilities of land for crop production in the

Great Plains area, U. 8. iJept, Agr.; Bur. Plant Indus. I3ul. 201, 100 p., Zj fig., pi. 1911.
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March, to July, inclusive. A more detailed discussion of climatic

data recorded at the Akron Field Station follows.

/O

PRECIPITATION.

In general, the precipitation of eastern Colorado decreases as the

altitude increases, or from east to west. When the foothills are

reached, however, there is a rapid increase in rainfall. The rainfall

is also greater on the high divide between the Platte and Arkansas

Rivers than at lower elevations to the north or south. In the river

valleys the additional precipitation from local showers may con-

siderably affect the total. Local storms of greater or less importance

occur every year. They are most common during the summer
months. At other times the storm area is usually quite extensive.

The limits of the local storms are often very clearly marked. A
rainfall of an inch or more may occur at a distance of only 2 or

3 miles from a point

where there is no pre-

cipitation. Torrential

rains are not uncom-
mon, and much dam-
age results from hail.

The distribution of

precipitation through-

out the year is usu-

ally favorable to ce-

real production. The
annual and seasonal

rainfall at Akron from
1905 to 1915 is shown
graphically in figure 2.

The annual and aver-

age precipitation by months for the 11 years from 1905 to 1915 is

given in Table I. The data for the first three years and portions of

the fourth and fifth years, as noted, are from the records of the United
States Weather Bureau. These observations were made at the town
of Akron, which is about 90 feet higher in elevation than the field

station and about 4 miles distant. The remaining data are from the

records of the Biophysical Laboratory of the Bureau of Plant Industry

at the Akron Field Station.

The average precipitation in the 11-year period, 1905 to 1915, in-

clusive, as shown in Table I, is 19.72 inches. Of this total, 12.33

inches fell during the months from March to July, inclusive, or during

the period which most affects the production of the cereals.

Fig. 2.—Diagram showing the seasonal and annual precipitation at

the Akron Field Station for eleven years, 1905 to 1915, inclusive.

The solid bars show the seasonal precipitation, while the total

length of the bars shows the annual precipitation.
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T.4BLE I.

—

-Monthly, seasonal, and annual precipitation at and near Akron, Colo.,

during the 11-year period, 1905 to 1915, inclusive.

[Data (in inches) from the records of the Biophysical Laboratory of the Bureau of Plant Industry, except
the following from the records of the United States Weather Bureau at Akron, Colo.: (1) For the years
1905, 1906, and 1907; (2) for January to May, inclusive, and October to December, inclusive, in 1908; (3)
for January to March, ihclusive, and October to December, uiclusive, in 1909. •T=trace.]

Seasonal.

1

Year. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec. Total.
Mar. Aug.

toto
July. Oct.2

1905 0.37 0.32 5.45 4. 55 4.37 2.14 3.82 0.86 0.83 1.73 0.12 21.56 20.33 3.42
1906 .25 .26 1.51 4.22 3.32 1.20 2.46 1.26 1.00 1.90 1.56 .08 19. 02 12.71 4.16
1907 T. .43 1.74 3.30 3.26 6.06 5.13 1.86 .02 1.00 .60 23.40 14.79 7.01

1908 .34 T. 1.70 3.57 2.35 3.40 1.62 .22 3.20 2.00 T. 18.38 11.02 5.04
1909 T. 1.38 3.06 .40 1.87 3.32 4.61 3.77 2.16 .78 .48 .55 22.38 13.26 6.71
1910 .05 .16 .26 3.96 2.06 1.38 1.47 3.72 3.81 .05 .12 .32 17.36 9.13 7.58
1911 .60 .44 .06 2.63 1.15 1.48 1.34 1.30 2.40 1.47 .28 1.36 14.51 6.66 5.17
1912 .28 1.43 .78 2.49 2.86 3.39 3.58 1.58 1.88 1.99 .18 .29 20.73 13.10 5.45
1913 .22 .40 1.57 2.19 1.44 1.35 1.85 1.14 2.08 .34 .30 3.67 16.55 8.40 3. 56
1914 .03 .32 .20 4.01 1.46 3.54 1.66 1.05 .23 2.08 .10 .90 15.58 10.87 3.36
1915 1.10 1.68 1.50 5.19 4.13 3.75 1.10 3.51 1.76 .48 .15 .65 25.00 15.67 5.75

Aver-
age.. .27 .61 1.34 3.00 2.68 2.46 2.85 2.26 1.65 1.27 .57 .76 19.72 12.33 5.20

1 Months inclusive. 2 Rainfall affecting the fall growth of winter grains.

Table II.

—

Monthly and annual precipitation recorded near Leroy, Colo., during the

25-year period, 1891 to 1915, inclusive.

[Data (in inches) from the records of the United States Weather Bureau at Leroy, Colo. T= trace.]

Year.

1S91
1S92
1893.'...-

189t
1895
1896
1897
1898
1899
1900
1901

1902
1903
1901

1905
1906
1907
1908
1909
1910
1911

1912
1913
19H
1915

1.70
.89
.05
.35
.73

.53

.60

.38

..50

.10

.06

.12

.18

.10

.17

.23

.12

.08

.01

.04

.32

.26

.21

.03

.85

Feb.

Average. .34

1.00
2.24
1.20
.46
.88
.24
.72
.26
.33
.96
.49

.72
1..50

.26

..30

.43

.05

.23

1..30

.04

.24

1.16
.96
.35

Mar.

1.99
.80
.87
.95
.40

1.20
1.66
.67

1.21
.12

1.60
1.23
.26
..35

3.28
1..38

.25

.18
1.80
.62
.10

1.65
.77
.09

2.09

1.02

Apr.'

1.35
4.02
.46
.98

2.43
1.91
1.77
1.04
1.57
7.27
2.92
1.26
1.12
1.99
4.70
4..53
.97

1.68
1.01
1.96
3.13
2.62
2.01
3.45
4.66

2.43

May.

5.02
2.53
2.73
.17

2.05
2. .36

3.08
4.60
2.93
2.10
.72

3.16
.80

3.97
3. 88
l,9(i

2. 85
4.34
1.67
2.34
1.74
2. .58

2. 54
.78

4.98

June.

4.84
1.48

.75
2.94
3.77
2.24
1.31
.28
.78

2.52
1.82
1.07
4.39
2.48
1.35
2.67
3. .52

4.15
2.06
2.21
3.32
.52

3.17
4.45

July.

4.69
3.07
1.75
1.16
2.56
1.33
1..39

2. 83
2.17
1.68
.97
.98

1.71
3.46
2. ,56

1.88
2,24
5,72
1.05
1..53

2. .50

1.81
2.96
2. 85
1.07

Aug.

2.89

.61

.47

.79

.87
2.79
1.13
2.36
.99

4.03
3.70
3.44
1.77
1.96
2.83
4.19
3.65
2.14
1.95
1.68
1.60
1.62
3.54
5. 13

2.63 2.32 2.23 2.24 1.23 1.07

Sept.

0.67
.84

.41

1.06
.42

.86

.41
1.27
.88

.35

.27
3.46
.62

2.96
.78

2.70
1.88
.16

2.81
1,72
1.16
2,31
1.08
.04

1.63

Oct.

0.14
1.66
.41

.08

.11

.90

2.61
.54
.30
.07
.47
.78
.29

1.55
1.93
2.69
T.

3,76
.56
.13

1.87
2. .52

1.17
1.71

.62

Nov.

0.37
.10
.48
.26
.47
.20
.40

.65

.23

.12
T.
.09
.06
.04

.12
1.29
.66

1.86
.91

.13

.18

.42

T.
.02
.24

.37

Dee.

0.95
.65
.94

.65

.12

.01

.81

.27

.44

.20

.03

.05

.02

. 53

.69

.05
1.08
.36
.92
.16

3. ,54

.58

.76

.63

An-
nual.

25,61
18.28
9.91
7.34

13,90
14.18
18.48
14.95
13.20
14.74
14.94
18.33
11.08
20.29
22,18
21.80
16.57
25. 23
18.49
12,88
16,05
20.41
17.38
16.61
27.11

17.19

The annual precipitation varied from 14.51 inches in 1911 to 25

inches in 1915. The seasonal precipitation varied from 6.66 inches in

1911 to 20.33 inches in 1905. Within the period for which crop

records are presented the maximum seasonal precipitation was 15.67
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inches in 1915. The seasonal precipitation has been closely corre-

lated with the yield in bushels per acre. The average precipitation,

as computed from records of the 11 years, will probably be reduced

when the records from a longer series are available. This is evident

from the fact that at Leroy, Colo., the 25-year normal precipitation is

17.19 inches (Table II) . Leroy is located about 30 miles northeast of

the Akron Field Station and is subject to similar climatic influences.

The average precipitation during the 11-year period, 1905 to 1915, is

19.51 inches at Leroy and 19.72 inches at the Akron Field Station.

A droughty condition often prevails from about June 15 to August

31. The precipitation which falls during this period usually comes

in the form of hght showers. As the temperatures are high during

the summer months, this precipitation is rapidly lost by evaporation.

Table III, wliich gives the daily precipitation record at the Akron
Field Station for 1914, illustrates this point. This table shows that

from June 15 to October 8 there were only two rains of more than

0.25 inch.

Table III.

—

Daily precij^tation recorded at the Ahron Field Station, Akron, Colo.,

for the year 1914.

[Data(in inches) from the records ofthe Biophysical Laboratory oftheBureau of Plant Industry . T= trace.]

1914 Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dee.

1 0.25 0.81
2 0.20 0.02
3 , T.

T.
' 0.17

T.4 T. .04 T.
1

5- . 0.02 T.
.12
T.

T.
6 .03 0.07

T.
.08
.02

T.
T.
.26
.14

0.10
7.. T. .40
8 .10
9 0.03 T. .16 .10
10 T.
11 .10 .07

.11

.26

2 24
T.

12 T.

"t."
13 .90 0.01 .06
14

15 .13
.03

T.
T.

,

16.... " .46
.27
T.

T.
.47
.23

T.

""t."
T.

"'.'16"

.25

.03

.04

T. 0.10
17

18... T.
T.19

20 .6i T.
21 .06

.49

.96

.20
22 .30 .02

.87
T.

T.
23.... .02

.14

.22

.22

24 T. T.
"tV"

.17

.01

.08
T.
.65

25. .

.

26 .35
T.
T.
.49

1.07

27... .05

T.28 0.20
T.
T.

29...

30

"t.'"
T. .02

T.31 - .

Total .03 .32 .20 4.01
j

1.46 3.54 1.66 1.05 .23 2.08 .10
1

.90

EVAPORATION.

As a factor affecting crop production the seasonal evaporation

probably ranks next in importance to precipitation at the Akron Field

Station. The total evaporation from a free water surface for each
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month from April to September, inclusive, in the 8-year period, 1908

to 1915, is given in Table IV. The precipitation for the same period

is included, and the ratio of precipitation to evaporation each year is

also given. The data show that evaporation from the free water

surface increases when precipitation decreases, but not in exact ratio.

The highest evaporation was recorded in 1911, but the lowest pre-

cipitation occurred in 1913. The year of lowest evaporation was
1915, which was also the year of highest precipitation. The ratio

of precipitation to evaporation over the total period for which records

are available is 1 to 2.9.

Table IV.

—

Monthly precipitation and evaporation from afree water surface at the Akron
Field Station, Akron, Colo., from April to September of each year, 1908 to 1915,

inclusive.

[Data (in inches) from the records of the Biophysical Laboratory of the Bureau of Plant Industry.]

April. May. June. July. August. September. Total.

Year.

&
'S

u
Ph

g

1

>

1

9

1
2
o

>

§

.1
ft
'3

£
Ph

i

r

§

1
ft
'3

u
Ph

i

ft
•3

u
P4

§
•11

"S

>

1

1
ft

1Ph

§

1

>

g

1
'ft

1

o

M
o
ft

f
.2

1908 1.70 4.740 3..57 7.709 2.35 8.637 3.40 8.474 1.62 7.826 0.22 8.550 12.86 45.936 1:3.5
1909 .40 4.734 1.87 6.825 3.32 7.003 4.61 9. .396 3.77 8.538 2.16 5.857 16.13 42 353 1:2.6
1910 3.96 6.387 2.06 5.797 1.38 8.722 1.47 9.763 3.72 7.142 3.81 5.810 16.40 43.621 1:2.6
1911 2.fi3 5.841 1.15 7.323 1.48 9.753 1.34 9.774 1.30 8.944 2.40 7. 183 10.30 48.818 1:4.8
1912 2.49 4.576 2.S6 7.097 3. 39 6.750 3.58 7.618 1.58 7.048 1.88 4.648 15.78 37.737 1:2.3
1913 2.19 4.336 1.44 5.8:35 1.35 8.178 1.85 9.259 1.14 9.302 2. 08 6.040 10.05 42.950 1:4.2
1914 4.01 4.290 1.46 5.608 3.54 7.509 1,66 8.654 1. 05 8.364 .23 7.438 11.95 41.863 1:3.5
1915 5.19 4.220 4.13 5.033 3.75 5.883 1.10 6.660 3.5 5.820 1.76 5.793 19.44 33.409 1:1.7

Average.. 2.82 4.890 2.32 6.403 2.57 7.804 2.37 8.699 2.21 7.873 1.82 6.415 14.11 42.084 1:2.9

The precipitation and evaporation in the months of August and
September are less important in the production of spring-sown

cereals than in the production of those sown in the fall. The ger-

mination of winter wheat is often slow and sometimes very poor,

due to the scarcity of moisture in the seed bed at the time of sowing.

Crop growth and surface evaporation may have exhausted the

moisture from the surface below the seeding depth, even though

the lower levels contain sufficient moisture to maintain plant

growth.

Very low humidity of the atmosphere, rapid transpiration from
growing plants, and high wind velocity are responsible for the rapid

and often premature ripening of cereals. For this reason the early-

maturing varieties in each gi'oup usually produce a liigluu- quality of

grain than the later ones. The growth of all is checked at about the

same time.
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Wind is an important element of the climatic influences in this

section of the Great Plains. Eecords of wind velocity have been

made during the summer months since 1908 and during the entire

year since 1912. The available records for the 8-year period, 1908

to 1915, inclusive, as given in Table V, show an average wind velocity

of 6.9 miles per hour. The months of April and May have average

wind velocities higher than any of the other months. The highest

wind velocity for any one month is 10.3 miles per horn", in May, 1909.

The lowest wind velocity was recorded in August, 1915. The pre-

vaihng winds at the Akron Field Station are from the southwest

during the summer and from the northwest during the winter.

Table V.

—

Average wind velocity at the Akron Field Station, Akron, Colo., by months,
1908 to 1915, inclusive, as far as data are available.

[Data (in miles per liour) from tlie records of tlie Biophysical Laboratory of the Bureau of Plant Industry.]

Year. Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.
Aver-
age.

1908 • i 8.0
6.8
8.6
7.4
6.1
8.1
5.8
6.8

6.0
6.1 8.

6.1
7.1
5.4
6.1
5.8
6.2

6.7
6.8
5.0.

8.1
4.7
5.6
6.5
4.3

7.6
6.7
6.0'

7.0
6.0
6.4
6.9
6.4

1909 9.0 10.3
8.1
9.7
8.5
6.9
7.4
7.7

1910 .-..
.. 7.1 5.1 6.3

1911 6.2
6.7
6.2
8.2
8.0

6.5
7.5
4.9
6.6
6.5

8.7
7.8
6.6
8.5
7.3

9.1
9.9
8.1
8.7
7.5

1912 6.1
7.1
6.4
5.7

5.7
5.1
6.2
7.9

6.3
8.5
5.8
6.0

6.7
1913 6.6
1914 6.9
1915 6.7

Average 7.0 6.4 7.7 8.7 8.3 7.2 6.2 5.8 6.6 6.9 6.0 6.0 6.7

TEMPERATURE.

The temperatures at the Akron Field Station are recorded by means
of maximum and minimum dry-bulb thermometers, supplemented by a

thermograph during the growing season. A summary of the recorded

data is given in Table VI. The records are complete for the six

months from April to September, inclusive, for the 8-year period,

1908 to 1915. Sufficient data are available for other months during

a portion of this period to form a good basis for study.

The month of August has the highest average maximum tempera-

ture, 85° F. December and January have the lowest average mini-

mum, 13° F. The highest maximum for any one month is 90° F.,

recorded for July, 1910. Temperatures of 100° F. are not uncommon
during July and August. The combination of high winds and high

temperatures with only light showers usually causes a droughty
condition to prevail from about June 15 to August 31, as noted in the

discussion of precipitation.
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Table VI.

—

-Mean, viaximum, and minimum temperatures at the Akron Field Station,
Akron, Colo., by months, 1908 to 1915, inclusive, so far as data are available.

[Data (in ° F.) from the records of the Biophysical Laboratory of the Bureau of Plant Industry.]

Year.

1908.
1909.
1910.
1911.

1912.

1913.
1914.
1915.

Average.

January. February.

37

March. April. May.

69

June.

Year.

1908
1909
1910
1911
1912
1913
1914
1915

July.

84

56

August.

69 85

September.

46

October.

52

65

35

November.

40

56 25

December.

Table VII gives the dates of the last spring and the first fall frosts

and the number of days in the frost-free period of each year from 1909

to 1915, inclusive. The latest date on which frost has occurred in

the spring during the seven years was May 20, and the average date is

May 13. The earliest frost in the fall was September 13, and the

average date is September 26. A temperature low enough to cause

some injury occurred on August 25, 1910.

T.\BLE VII.

—

Annual and average dates of killing frosts,''- the last in spring and the first

in autumn, vnth the annual and average length of the frostfree period, at the Akron
Field Station, Akron, Colo., 1909 to 1915, inclusive.

[Data from the records of the Biophysical Laboratory ofthe Bureau of Plant Industry.]

Item. 1909 1910 1911 1912 1913 1914 1915 Average.

Frost:
Last in spring
First in fall

Frost-free period,
days

May 14
2 Oct. 9

148

May 21

Sept. 25

127

May 10
Oct. 3

146

May 14

Sept. 20

129

May 4

Sept. 24

143

May 12
Sept. 13

124

May 20
Oct. 4

137

May 13
Sept. 26

136

' A temperature of 32' F. is considered frost in the spring when vegetation is tender and a temperature
Ijelow 32'' F. is considered frost in the fall.

' Record from Lcroy, Colo.

50400°—Bull. 402 —16 2
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THE AKRON FIELD STATION.

The following paragraphs contain a description of the Akron Field

Station, the scope of the experiments, and the methods employed in

conducting them.
LOCATION.

The Akron Field Station is located 4 miles east of Akron, the county

seat of Washington County, in northeastern Colorado. It is about

60 miles south of the Nebraska line and 60 miles west and 11 miles

north of the point where Colorado meets the north line of Kansas.

The Chicago, Burlington, & Quincy Railroad bounds the station on
the south. Denver lies about 115 miles southwest. The station is

located in approximately 40° N. latitude and 130° W. longitude.

The elevation is about 4,560 feet above sea level.

DESCRIPTION.

The Akron Field Station contains 227 acres. Of this area, 160

acres, known as the ''forestry quarter," are owned by the Colorado

Fig. 3.—Buildings of the Akron Field Station. Native vegetation is shown in the foreground. (From a

photograph lent by the Office of Exhibits, U. S. Department of Agriculture.)

Agricultural Experiment Station and are used by the Bureau of

Plant Industry of the United States Department of Agriculture in

accordance with the terms of a cooperative agreement. The legal

description of this land is the ''NE. J section 12, township 2 N., range

52 W." Sixty-seven acres lying directly south of the forestry quar-

ter are controlled by the Department of Agriculture through the

Office of Dry-Land Agriculture Investigations. The buildings at the

station are shown in figure 3.

The surface of the farm ranges from nearly level to slightly rolling.

Very little moisture is lost by run-off. There are no protecting hiUs

or effective shelter belts. No part of the experimental area is irri-

gated.

The soil is a fine sandy loam. Various local names, such as ''hard

land " or " tight land, " are given this type of soil to distinguish it from
the light, sandy soils. The dark surface layer varies from 1 to 2 feet
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in depth, below which the soil is Ught in color, due to lack of organic

matter. Very httle coarse gravel is present to interfere with root

penetration. There is no impervious layer near enough to the surface

to affect root development or water movements.

Plowing and other tillage operations are easily performed when the

soil is moist but become very difficult when the moisture content is

low. The fine soil particles are readily blown by the wind when
surface conditions are favorable.

There is considerable variation in the soil that has been used in plat

tests. Yields of the same variety on plats differently located but
uniformly treated have varied from 3 to 5 bushels per acre. The
experimental error that results from these variations is somewhat
reduced by the shifting of plat locations from year to year. Repli-

cated plats were used in 1915. For varieties used as checks in

previous years the average yield of aU plats is recorded in this bulletin.

SCOPE OF THE EXPERIMENTS.

More than 11,000 tests have been conducted during the eight

years covered by this report. Of this total, 10 per cent was in field

plats and 90 per cent in nursery rows. Varietal tests have been

made each year. Tests of rates and dates of seeding were begun in

1911.

The number of tests has varied from year to year. In 1908 there

were 315 nursery rows and 80 field plats. The number of field plats

gradually increased to 185 in 1915. The number of nursery rows

was increased to 2,200 in 1910 and since that time has averaged

1,187. The field-plat tests have included varietal tests of winter

wheat, emmer, and rye, and of spring wheat, oats, barley, flax, proso,

and grain sorghums. There have also been rate-of-seeding tests

with winter wheat, spring wheat, and spring oats, and date-of-

seeding tests with winter wheat.

EXPERIMENTAL METHODS.

The experiments with cereals at the Akron Field Station have been

conducted in field plats and in nursery rows. Varietal tests, rate-of-

seeding tests, and date-of-seeding tests have been conducted on

field plats.
SIZE OF PLATS.

Most of the experiments have been conducted on tenth-acre plats.

These plats are 2 rods wide by 8 rods long. They are laid out side

by side in series, the plats being separated by alleys 4.62 feet wide.

The different series are separatcul by roads 19.67 feet wide. Vege-

tation in the roads is controlled by frequent clipping with a mowing
machine or by tlie use of a road grader which kills all weeds.
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Throughout the period of the test it has been necessary to sub-

divide the tenth-acre units in at least a portion of the series in order

to make sufficient divisions for all of the work being done. The

subdivisions have usually been twentieth-acre plats, formed by

making a 16-inch alley between the subdivisions and reducing the

width of the alley between tenth-acre plats. Smaller plats are used

when sufficient seed is not available to sow the standard plat.

Usually no plats smaller than 0.01 acre in size are classed as field

plats, but in a few instances plats containing 0.008 acre have been

called field plats. Nursery rows have been used for the prehminary

tests, and many varieties tested in the nursery have proved so poorly

adapted to conditions that they were never grown in the field plats-

Careful agronomic and physiologic observations have been made and

are preserved in the form of annual reports.

REPLICATION OF PLATS.

Until 1915 only one plat of each variety was grown each year,

but a leading variety of each cereal was used as a check. Usually

there were five or more check plats from which the data could be

averaged. In 1915 aU of the leading varieties were sown in dupli-

cate twentieth-acre plats. The value of repeating aU. the varieties

in the experiment is apparent, and more extensive repfication is

planned for the future.

SOIL TREATMENT.

In preparing the land for experimental tests the aim has been to

conform as closely to farm practice as possible. The plowing has

been done at the moderate depth of 5 to 7 inches, and subsequent

treatment has been in accord with common farm practice. The
cultivation has been limited to that required to control weed growth.

Most of the experimental work has been conducted on land summer-
fallowed the previous year. This was done to keep the land uniform

and to assist in the control of weed growth. When the experiments

were begun, summer fallowing was thought to be the most profitable

method of production. In 1914 the spring-wheat varieties were

grown on land which had been cropped to com the previous year.

Oats have been grown following potatoes or fallow.

The usual practice in summer fallowing has been to plow in the

spring and pack with the disk harrow. Weeds were kept in check

during the summer by two or three subsequent diskings. Usually

the last treatment immediately preceded the sowing of the grain,

either in the fall or the spring.

Rate-of-seeding and date^of-seeding tests were included in the

same series of plats as the varietal work and were on land receiving

the same soil treatment.
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RATES AND DATES OP SEEDING.

The rate of seeding for wheat, oat, and barley varieties was 4 pecks

per acre in the first year, 1908. Since 1908 the rate of seeding for

wheat has been 3 pecks per acre. Barley was sown at the rate of

3 pecks per acre in 1909 and 1910, and for the remaining time at the

rate of 4 pecks per acre. The rate of seeding for oats was 3 pecks

per acre from 1909 to 1912. In 1913 the rate for oats was increased

to 4 pecks, which was continued in 1914 and 1915. The date of

seeding has varied with seasonal conditions. Table VIII gives the

dates of sowing for each of the more important cereals in the 8-year

period, 1908 to 1915, inclusive. Spring grains have been sown as

early as the seed bed could be put in condition to receive the seed.

Table VIII .

—

Dates on which varieties of winter wheat, spring wheat, spring oats, and
spring barley have been soiun in each of the eight years, 1908 to 1915, inclusive, at the

Akron Field Station, Akron, Colo.

Cereal group.

Crop year.

Cereal group.

Crop year.
Winter
wheat.

Spring
wheat.

Spring
oats.

Spring
bajley.

Winter
wheat.

Spring
wheat.

Spring
oats.

Spring
barley.

1908
1909
1910
1911

Nov. 5
Sept. 23
Sept. 27
Sept. 6

Apr. 12
Apr. 26
Mar. 18
Mar. 16

Apr. 12
Apr. 26
Mar. 19
Mar. 17

Apr. 12
Apr. 25
Mar. 31
Apr. 7

1912
1913
1914
1915

Sept. 11
Sept. 30
Sept. 26
Sept. 16

Apr. II
Apr. 5
Mar. 24
Apr. 14

Apr. 16
Apr. 17
Mar. 30 ,

Apr. 17

Apr. 15
Apr. 18
Mar. 31
Apr. 19

NURSERY EXPERIMENTS.

The nursery tests at Akron have included newly introduced varie-

ties and those of which there was not sufficient seed for sowing in

field plats and also pure-line selections from the better varieties.

The tests of selections have been the largest feature of the nursery

work. The varieties and selections have been grown in short rows,

usually from 5 to 25 feet in length. It is possible in the nursery to

test economically a very much larger number of varieties and strains

than could have been included in field-plat tests.

Over 250 separate named or numbered varieties of cereals have

been grown in nursery rows. Wherever the performance was such

as to indicate a possible superior or promising variety it was increased

for further tests in field plats. The greater portion of the varieties

tested proved inferior and have been discarded. A few are now
being grown in field plats.

Much more work has been done in an attempt to isolate superior

races from varieties. A large number of heads wore selected from

plants in the field plats. Th(5 following season the grains from each

head were sown in a short nursery row called a head row. Notes

were taken during the growing season, and the more promising races
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were grown the following season in longer rows. In the longer rows

the race was checked against the parent variety or some other variety

used as the standard. After one or two seasons' test, all those that

failed to excel the check were discarded. Several hundred selections

have been tested in this way.

At first it was thought that further improvement might result

from selection within pure lines. Several hundred selections were

made, but no superior races have been isolated and the practice has

been discontinued.

Races that proved superior in nursery rows were sown in increase

plats in order to get seed for advancing the test to field plats. A
few of the races thus isolated now rank with the best varieties in

their respective groups.

INTERPRETATION OF EXPERIMENTAL RESULTS.

The best variety or method of culture is the one which on the

average will produce the highest acre value at the least cost. None
of the varieties or methods of culture tested have fulfilled all these

requirements for each of the years tested. Some varieties have held

secondary positions for two or three years, and yet in the average

for the 8-year period they rank among the first. The best variety

or method, presumably, is that one which gives the best average

during a series of years, provided the seasons are representative.

In actual practice, however, the problem is more comphcated than

would appear from this statement. The variation in soil from place to

place, the changes in climatic factors from year to year, and especially

at critical times during the period of cereal growth, and the adapta-

bility of the different varieties to the changing conditions must all be
taken into account.

EXPERIMENTS WITH WHEAT.

Experiments with wheat at the Akron Field Station have included

plat and nursery tests of both winter and spring varieties. In addi-

tion to varietal tests there have been date-of-seeding and rate-of-

seeding experiments withwinterwheat and rate-of-seeding experiments

with spring wheat.

Wheat has occupied a major position in the cereal tests. It is the

cash crop of the district. Its acre value is equal to or greater than
that of other cereals, and there is always a market for the grain.

Considerable time has been devoted to developing improved strains.

Two or three of the hmidreds of selections made are proving superior

to the parent stocks. The work of first importance, however, has

been the testing of varieties.
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WINTER WHEAT.

Winter wheat has been more profitable in this section than spring

wheat. The most important varieties are the hard red winter wheats

belonging to the Crimean or Turkey group. Six varieties have been

grown continuously since the Akron Field Station was established

in 1907. Rate-of-seedmg and date-of-seeding experiments were

started in 1911. Kharkof is the variety that has been used in these

tests. An excellent field of winter wheat in the vicinity of the

station is shown in figure 4.

VARIETAL EXPERIMENTS.

Experiments with winter wheat have been conducted both on

field plats and in the nursery. These will be discussed separately.

PLAT EXPERIMENTS.

The winter-wheat varieties have been sown each year on land

prepared by clean summer fallow. The date of seeding has varied

£ya.u^<MtimJ>ti:^f^!fy'M
Fig. 4.—"Winter wliPit m shcirk on a farm m (he vicinity of the Akron Field Station, 1912.

because of weather conditions. Table VIII gives the dates on which
sowing commenced each year. Except in the fall of 1907, the sowing

has been done in September. The rate of seeding was 4 pecks

per acre in 1907 and 3 pecks per acre in the following years. No
fixed depth of seeding has been used. The object has been to sow
the seed in moist soil, and in dry seasons this means 2 or 3 inches

below the surface. Table IX shows the annual and average yields

of 17 varieties of winter wheat grown at the Akron Field Station

within the 8-year period, 1908 to 1915, inclusive.

In the fall of 1907 the winter-wheat varieties were sown on land

which had been broken the previous summer. Although the seed

was sown late (Nov. 5), a good stand was obtained, and the varieties

adapted to this part of the Plains gave fair yields. A number of

varieties which failed completely are not included in Table IX.
In the fall of 1908 the seed was treated with formaldehyde solu-

tion for smut. The germination was slow. Counts for stand were not
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made in the fall, but some plats were recorded as having good stands.

The causes for the failure shown by zero yields in 1909 are not appar-

ent. The formaldehyde treatment was charged with the failure at

the time, but winterkilling was more probably the cause. Enough
seed was obtained from most of the varieties for resowing. The crop

was not sufficiently large, however, to pay the cost of harvesting,

and for that reason the yields are recorded as zero. This year is

included in calculating the average yields.

Table IX.

—

Annual and average yields of 17 varieties of winter wheat grown at the

Akron Field Station, Akron, Colo., in the 8-year period, 190S to 1915, inclusive.

C^I.
No.

Yield per icre (bushels).

Group and variety.

1903 1909 1910 1911 1912 1913 1914 1915

Average.

All
years
grown.

Six
vears,
1910 to
1915.

Crimean:
Alberta Red 2979

1543
1432
1436
1437
1559
1442
1583
4207
2908
1539
1558
1571
2998

3330
1305
1438

21.1

"19." 2"

19.1
14.6

'23.'6"
12.5 17.8

12.5
31.1
24.5

31.3
18.4

19.0
19.8

Crimean . ...
Do 38.3

34.8
36.9
27.9
29.8

17.9
13.3
11.5
10.0
14.2
10.3
17.3

33.1
32.5
32.7
34.3
37.5
33.2
35.4

12.6
14.0
17.0
16.1
16.6
18.5
18.1

28.3
2.5.3

39.6
26.6
25.9
26.1
30.1

26.6
26.6
29.0
27.6
29.2
28.3
30.5

22.0
20.2
27.8
20.4
21.6
23.3
26.4
20.6

26.1
Do 24.3
Do 27.8

Kharkof 20.6
19.3

23.7
Do 25.5

Kliarlcof, 6P4
26.8
20.6

26.4
Torgova
Turlcey 15.8

19.8Do 29.6 11.5 43.2
28.8

17.5

'38."3'

7.3
6.8

6.5
12.8
17.3

25.1
25.0

13.8
30.5
24.0

28.1
23.3

26.6
26.4
22.8

20.6
21.0

16.1
18.0
21.5

24.1
Do.

Miscellaneous:
BuffumNo. 17
Diehl Mediterranean 10.4

15.6
37.1
38.5

8.9
15.8 26. i

The yields in 1910 were high, due to the favorable distribution of

precipitation. In 1911 a lack of moisture caused the lowest yields

of any of the years for which yields are recorded. The average

yield of all varieties of the Crimean group in 1911 was 12.7 bushels

per acre.

The year 1912 again gave high yields, the average for the Crimean
group being 34.5 bushels per acre. This is 4 bushels more than the

next highest yield, 30.5 bushels per acre, produced in 1910.

The crops of 1914 and 1915 were only of ordinary size. It is well

to note that the yield of grain was not increased in proportion to the

increased rainfall of the year 1915. This is due to unfavorable dis-

tribution, which resulted in a lack of moisture during ripening.

Six varieties have been tested during the 8-year period. Of these,

Crimean (C. I. No. 1436) has given an average yield of 22 bushels per

acre. The second in rank is Kharkof (C. I..N0. 1583), with an average
yield of 21.6 bushels. In 1910 two varieties of promise were intro-
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duced. These are Crimean (C. I. No. 1559) and Malakof (C. I. No.
2908). In tlie six years they have been grown these two varieties

have given higher average yields than any of the others. Ghirka

Wmter (C. I. No. 1438) and Crimean (C. I. No. 1436) have tied for

third place in the 6-year period.

In Table X agronomic data are given for five varieties which have
been grown durmg the 8-year period. These data include average

dates of heading and ripening, height, weight per bushel, and yield of

grain. There is very slight difference shown in the average dates of

heading and ripenmg, but there is a difference in the average length of

straw, Ghirka Winter (C. I. No. 1438) having an average height of 39

inches and Crimean (C. I. No. 1436) an average height of 32 inches.

The difference in weight per bushel is slight.

Table X.

—

Average dates of heading and ripening, height, weight per bushel, and yield per
acre offive leading varieties of winter wheat grown at the Akron Field Station, Akron,
Colo., during the 8-year period, 1908 to 1915, inclusive.

Variety.
C.I.
No.

Average date

—

Headed. Ripe.

Height.
Weight
per

bushel.

Yield
per
acre.

Crimean
Kharkof
Ghirka Winter
Turkey
Kharkof

1436
1583
1438
1571
1442

June 18
June 17
June 18
June 17
...do

July 13
Jvily 14
July 16
July 15
July 14

Inches.
32
35
39
35
35

Pounds.
58.4
58.3
68.8
58.2
58.3

Bushels.
22.0
21.6
21.5
20.6
20.4

NURSERY EXPERIMENTS.

The cereal nursery has made possible the testing of a large number
of varieties and strains. Sixty-three varieties have been tested in

nm'sery rows, most of which have not shown sufficient promise to

waiTant advancing them to field tests. A much larger number of

pure-Une selections have been tested in the nursery and most of them

discarded. One of the strains has been increased and is worthy of

mention. It is a selection of Kliarkof (C. I. No. 1442) and has been

designated Kharkof 6P4 (C. I. No. 4207).

Nursery sowings have suffered from soil blowing to such an extent

that the results are not entirely comparable. In 1914 several rows

were almost entirely killed. Soil blowing follows as a consequence

of the special soil preparation necessary in order to sow by hand or

with garden tools. In order to prevent soil blowing it is necessary

to have an uneven and, if possible, a lumpy surface.

RATE-OF-SEEDING EXPERIMENTS.

Ratc-of-seeding tests of Kharkof winter wheat have been conducted

at Akr-on for five years. During that time four rates of seeding have

been used each year. The seed has been sown on summer-fallowed

50400°—Bull. 402—16 3
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land at the same time as the varietal tests. The results are shown in

Table XI.

Table XI .

—

Annual and average yields of Kharhof vnnter luJieat in a rate-of-seeding test

at the Akron Field Station, Akron, Colo., 1911 to 1915, inclusive.

Rate of seeding per acre.

Yield per acre (bushels).

1911 1912 1913 1914 1915 o Average.

9.6
10.4
12.8
13.8

38.0
44.0
39.3
38.3

18.3
15.3
16.3
18.6
18.6

18.3
24.0
24.3
37.3
27.3

30.5
33.0
32.5
34.2
34.5

23.1
25.3
25.0
28.4
26.6

1 Average of two varieties, Crimean (C. I. No. 1559) and Kharkof (C. I. No. 4207).

The results recorded in Table XI are not satisfactory or con-

clusive. It is thought that soil variations have interfered with

the test to some extent. The maximum yield has varied from

one rate to another as the seasons have varied. More data are

needed before conclusions can be drawn. It will be noted that the

4-peck rate gave an average yield less than either the 3-peck or the

5-peck rate. The 5-peck rate gave the highest average yield. This

rate produced the best yield in 1911, when there was a scarcity of

moisture, and in 1915, when moisture was plentiful. In 1912,

however, the 3-peck rate gave a yield 4.2 bushels higher than the

4-peck rate and 5.2 bushels more than the 5-peck rate. During the

last three years a 6-peck rate has been included. The average shows
a shght decrease in yield as compared with the lighter seedings. At
present the data are contrary to what farmers believe to be the best

rate to sow to obtain maximum vields.

DATE-OF-SEEDING EXPERIMENTS.

An experiment to determine the best date to sow winter wheat
was begun in 1911, In 1912 the test was not conducted, on account

of the dry condition of the seed bed at the time of sowing. It has

not been possible to sow on the same date each year and therefore

the time has been divided into 15-day periods. The test has been
made on summer fallow. The rate of seeding has been 3 pecks per

acre. It has been difficult to make sowings earher than September
15 and snow and frost usually prevent seeding after November.
The annual and average yields obtained in this test durmg four

years, 1911, 1913, 1914, and 1915, are given in Table XII. The
experiment has not been conducted long enough to estabhsh any
fact, but the figures indicate that the best time to sow winter wheat
to get maximum yields is between September 15 and October 15.
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Table XII.

—

Annual and average yields of Kharof winter ivheat in a date-of-seeding

test at the Akron Field Station, Akron, Colo., in 1911, 1913, 1914, and 1915.

Date of seeding.

Yield per acre (bushels).

1911 1913 1914 1915 Average,

Sept. 16 to 30, inclusive.
Oct. 1 to 15, inclusive. .

.

Oct. 16 to 31, inclusive .

.

Nov. 1 to 30, inclusive .

.

15.5
16.1

15.6
15.6
12.6
8.6

26.0
26.6
11.3
13.6

27.3
34.2
25.8
26.6

21.1
23.1
16.6
15.1

a Three-year average.

The sowings made during tlie first 15 days in October have given

yields as high as or higher than those from any other date of seeding

dming the last three years of the test. In 1911 an early sowing

(Sept. 6) gave the highest yield, 16.8 bushels, and a late sowing

(Nov. 11) ranked second. The average of the yields from sowings

made between September 15 and October 15 is 22.1 bushels, which

is 5.5 bushels higher than the yield from sowings made during the

following 15-day period.

SPRING WHEAT. 1

Spring wheat is an important crop in this section of the Great

Plains. It can be sown early on land prepared during the late fall.

It has given good yields when conditions were favorable. The vari-

eties which have given the highest yields are durum wheats. In

addition to the varietal experiments, a rate-of-seeding test has been

conducted with Amautka durum wheat since 1911.

VARIETAL EXPERIMENTS.

Experiments with spring wheat have been conducted both on field

plats and in the nm-sery. These will be discussed separately.

PLAT EXPEEIMENTS.

A total of 44 varieties of spring wheat have been grown in field

plats for one year or more. Table XIII shows the annual and average

yields of these varieties, arranged in groups according to their rela-

tionships.

Seven varieties of durum wheat have been grown continuously

during the eight years. Pehssier (C. I. No. 1584) has given the

highest average yield, 22.4 bushels per acre. Velvet Don (C. I. No.

1445) ranks second, and Amautka (C. I. No. 1493) is third. The

fourth variety in rank is the Galgalos (C. I, No. 2398), a soft white

common wheat which belongs to none of the groups grown commer-

cially. Amautka 6Pl (C. I. No. 4064) has given an average yield

of 27.6 bushcLs per acre for the six years in which it has been grown.

' For a 'Usciisslon of the groups and varieties of luird spring wheat, see Ball, C. R., and Clark, J. A.,

Varieties of hard .spring wheat. U. 8. Dept. Agr., Farmers' Bui. 080, 20 p., 7 fig. 1915.
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It is a selection from Arnautka (C. I. No. 1494). If the datafor the

parent variety and the selection are combined, the average yield in

the 8-year period is 24,5 bushels, which would give it first rank.

At the present time the difference in yield in favor of any one variety

is not sufficient to be conclusive. A plat of durum wheat at the

station is shown in figure 5.

Table XIII.

—

Annual and average yields of 44 varieties of spring wheat grown at the

Ahron Field Station, Akron, Colo., in the eight years, 1908 to 1915, inclusive.

CI.
No.

Yield per acre (bushels).

Group and variety.

1908 1909 1910 1911 1912 1913 1914 1915

Average.

All
years
grown.

8-year
period.

DUEUM WHEATS.

Kubanka:
1493
1494
1547
4064
1520
1447
1354
1440
1516
2246
2882
1593
1350
1570

1584

1445

1471
3024

2941
1597

4062
1517
2873
3641
3025
3022

3023
2874
3020
3021

2397
1596
4324
3081
3087
4141

2398

26.9
18.7
19.0

20.8
11.8

16.6 10.6 27.5 10.5 27.6 27.9 21.1
15.3

21.1
Do
Do

Arnautka 6P1 19.5
19.9
aVi.l
21.3
17.1

15.7 37.3
8.0 21.1
9.3 36.5
11.7

1

19.8
9.0

1
25.1

9.1 30.0

10.6
10.6
3.3
13.6
5.1
fi n

25.0
19.5
27.7
22.7
20.7
26.5

27.6
26.7
22.2

27.'

e'

31.3

27.6
19.5
20.3
19.2
17.6
20.6

31.1
29.1
27.2
26.8

19.4
20.9
18.0
9.3

19.5
Gharnovka 20.3

Do 17.6
Do
Do 14.8

13.9
22.9
29.2
20.0

24.7

33.3

15.4
24.8

19.5
17.8

11.8
20.6

Do
14.2
15.9

19.3
11.5

10.6 19.0 14.1 24.0 17.7
18.8

Pelissier:

Pelissier 23.6

21.1

16.8
20.8

12.3
13.7

27.9
23.8

15.8

13.5

17.7
15.3

10.6

10.0

10.6
7.9

35.6

33.3

33.0
33.0

10.5

7.3

8.3
10.0

26.6

25.3

26.3
21.2

31.6

28fl

33.6

22.4

21.5

20.2
19.0

15.9
15.8

17.2
18.6
13.5
17.9

22.4
Velvet Don:

21.5
Kahla:

Bledur 20.2

Miscellaneous:

Medeah

COMMON WHEATS.

Fife:

Cole Hybrid 21.5
18.8

12.3
8.5
9.4

18.2
23.3
17.3

8.0
11.6
8.0
7.5

21.0
19.3
16.6
19.7

'22.'

e'

16.2
26.5

Ghirka 18.6
Glyndon (Minn. No. 163)..
Marquis

22.5
19.3

20.4
Bluestem:

Bolton
Hajmes (Minn. No. 169) ...

Do
16.4

25.2
24.0

19.3
10.3

15.3 19.8 20.1
Havnes (Minn. No. 51)

Preston:
Erivan 26.3 15.2 11.9 20.7 12.0 19.3 19.5 18.0 18.0
Fretes
Pioneer 28.7

26.2
Do 9.6

21.8
18.2
7.5

18.3
15.2

19.8
23.3

1 14.0
15.2

20.3
21.9

Red Russian 15.6

20.5
625.0

12.1

19.6

23.2

20.5

8.3

14.1

23.0

21.7

23.9

24.4
21.2

Miscellaneous:
Galgalos 20.3

2492
Mexican No. 1

Prelude 4323 29.5
Rieti 2942 3.0

16.7
.4

Sonora 1946
TTnnr\mf>r|

I
W49 1

Do 4.^77 1 8.6 22.0 15.3
1

<2 Yield computed from 0.004 acre. 6 Actual yield from 0.004 acre.
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In the Fife group, Ghirka Spring is the only variety that has been

grown dui'ing the entire eight years. It has given a lower yield than

the durums, and Table XIV shows that the weight per bushel is

about 2 pounds less. The Bluestem group has not been tested ex-

tensively, but the yields obtained are not especially promising. The

Fig. 5.—Plat of Belotiirka durum wheat (C. I. No. l.'i2U) at the Akron Field Station, 1910.

varieties of the Preston group have shown their abihty to yield well

in dry seasons, but the average for the eight years is low. Table

XIV shows that Erivan (C. I. No, 2397) has been ripe an average of

four days before any other variety, but the average weight per

bushel is only 56 pounds.

Table XIV.

—

Average agronomic data, yields per acre, and weights per bushel for eight

varieties of spring wheat grown at the Akron Field Station, Akron, Colo., during the

8-year period, 1908 to 1915, inclusive.

Group and variety.
C. I.

No.

Average date

—

To maturity
from

—

Height.
Yield
per
acre.

Weight

Headed. Ripe.
Plant-
ing.

Head-
ing.

bushel.

DURUM WHEAT.S.

Kubanka:
1493
40G4
1520
1440

1.^84

1517

2:i97

2398

June 30
Juno 29
June 28
June 30

Juno 29

July 2

Juno 30

June 29

July 30
...do
July 27
July 28

July 31

July 29

July 25

July 29

Days.
110
109

109
110

111

108

102

109

Days.
30
31

27

28

31

27

25

30

Inches.
36
38
37
33

35

30

27

24

Bush.
21.1
24.5
19.6
17.6

22.4

18.0

18.

20.3

Pounds,
61.6

Do ' 60.9
61.1
61.0

Pelissier:
PelLssier 60.2

COMMON WHEATS.
Fife:

Ghirka 58.7
Preston:

Krivan 56.0
Misoellanemas:

Galgalos 57.4

1 Yields of Amautka (C. I. No. 1494) used for 1908 and 1909.
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Table XIV shows the average dates when the varieties were fully-

headed and ripe, the length of time from sowing to maturity and

from heading to maturity, the average height at maturity, the yield

per acre, and the weight per bushel.

The data in Table XIV show that three varieties of durum wheat

have averaged at least 61 pounds per bushel. None of the common
wheats has averaged more than 57.8 pounds per bushel. The durum
varieties have longer straw, which is valuable on account of the diffi-

culty in harvesting grain with short straw. The weather conditions

usually force a rapid maturity of all varieties. The result is that the

time from sowing to maturity is very uniform. It may be noted

that Arnautka, which matures two days later than Kubanka, is

recorded as requiring the same number of days from sowing to

maturity. The explanation is that the date of sowing was not the

same.
NURSERY EXPERIMENTS.

About fifty varieties and several hundred selections of spring

wheat have been grown in nursery rows. The object has been to

test varieties of unknown value and selections or strains in short

nursery rows before giving them space in field plats. If they did

not show promise, they were discarded. Some promising selections

have been increased for testing in field plats. One of the best of

these is Arnautka 6P1, which has been referred to in the discussion

of field-plat experiments. Several selections which yielded well in

nursery rows failed to outyield the mother variety when grown in

field plats and so have been discarded.

RATE-OF-SEEDING EXPERIMENTS.

Rate-of-seeding tests, including four different rates, have been

conducted at Akron for five years with durum wheat. Table XV
gives the yield data obtained, which show a great lack of consistency.

It will be noted that the general trend of increase in 1911 and 1913

was from the lower to the higher rates. These were dry years,

when agricultural experience would have favored the reverse order.

In 1912, with more abundant moisture, there is a decrease from 41

bushels for the low rate to 27 bushels for the high rate. This,

again, is contrary to common behef. In 1914, with a fair rainfall,

the order is normal, as gauged by common opinion. In 1915 the

yields from the 2-peck rate and from the 6-peck rate are practically

the same, and there is very little difference in the yields from aU
rates. The greatest departure was 0.7 bushel per acre. Under
these conditions the average for the five years can not carry much
weight. The average for the 2-peck rate is 21.2 bushels, and that

for the 5-peck rate is the same. The data seem to indicate that within

certain limits the ratB does not materially affect the yield.
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Table XV.

—

Annual and average yields of durum wheat in a rate-of-seeding test at the

Akron Field Station, Akron, Colo., 1911 to 1915, inclusive.

Yield per acre (bushels)

.

Rate of seeding (per acre).

1911 1912 1913 1914 1915

Average.

1911 to
1915.

1912 to
1915.

2 pecks . . 9.9
9.8
10.8
12.6

41.0
37.3
37.0
30.3
28.3
27.0

7.3
8.6
11.0
11.6
11.2
11.6

18.0
19.6
20.0
22.0
21.3
21.0

30.0
29.5

• 29.5
29.5
30.2

21.2
21.0
21.7
21.2

24.1
23.7
24.4
23.3
22.7

COMPARISON OF WINTER AND SPRING WHEAT.

It is of importance to know whether winter or spring wheat will

give the best returns. Table XVI shows the annual and average

yields of nine varieties of winter and spring wheat grown on the

s /o /s so 2S

W/A/TEf?'
msBosa

I

\2/.6 8U.

\2/.SSU

\22. 4 BU
I /a. 6 BU

\/a.o BU.

Wt/k^o.s bo.

Fig. 6.—Diagram showing the average yields of the leading varieties of wheat at the Akron Field Station,

1908 to 1915, inclusive.

Akron Field Station during the eight years, 1908 to 1915, inclusive.

Figure 6 shows the average yields in graphic form.

Table XVI.

—

Annual and average yields of nine varieties of wheat grown at ike Akron
Field Station, Akron, Colo., during the 8-year period, 1908 to 1915, inclusive.

C. I.

No.

Yield per acre (bushels).

Variety.

1908 1909 1910 1911 1912 1913 1914 1915
8-year
average.

Winter varieties:

(Crimean
Kharkof
Ohirka Winter..

Sj^ring varielitti:

Amautka
I'elLssler

1430
l.lKj

M:iX

/ 1191

1.5H4

1493

1.517

2:J97

19,1

19.3
1.5. (;

1
1H.7

24.7
26.9
21.8
20.6
19.3

11.8

23.0
20.8
19.8
2:5.8

2(5.3

.3H. 3

2!J.8

38. .5

19.

15.

8

16.

6

20.

5

18.8
15.

2

17.9
14.2
1.5. 8

J.5. 7

10, fi

10,6
19, (i

8,5
11.9

33.

1

37. 5
38.3

37.3

35.

27.5
20. 5

23. 3
20.7

12.6
16.

6

17.3

10.0

10.5
10. 5
14.1
11.6
12.0

28.3
25.9
24.0

25.

26.

6

27.6
21.7
19. 3

19.3

26. 6
29.2
22.8

27.0

31.6
27.6
24.4
22.6
19. 5

22.0
21.6
21.5

24.6

22.4
Amautka
<'JaIgalo3

Ohirka Spring..
P^rlvan

21.1
20.3
18,6
18.0
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The yields of two varieties of durum wheat have averaged slightly

higher than those of the best winter variety. However, in the case of

the winter variety there was one year of failure, which may not occur

again in a long series of years. If this is true, the winter wheat will

probably take first rank. It should also be noted that when winter

wheat winterkills, the land can be resown to spring wheat. The
winter wheat should then be credited with the returns from the

spring wheat grown on the land that year, less the cost of seed and

sowing. If this were done for the year of failure in Table XVI it

would place winter-wheat yields above those of spring wheat. At
present there is probably greater value represented in the slightly

lower yield of winter wheat on account of the higher market price.

In case the grain is ground and used for feed the market price would

not be a factor.

In 1908 the durum wheats produced about 25 per cent more grain

than the winter wheats, while the common spring wheats gave yields

about equal to the winter varieties. In 1909 the spring wheats

yielded well and winter wheats faUed. In 1910 winter wheats pro-

duced nearly double the yields of spring wheat. In 1911 the

winter-wheat yields were about 50 per cent higher than those of any
of the spring varieties except Galgalos, which yielded 1.7 bushels per

acre more than the best winter variety. In 1912 the winter-wheat

yields averaged about 40 per cent more than the spring-wheat yields.

In 1913, 1914, and 1915 the differences were not great.

To summarize: In 1909 spring wheat gave good yields, while winter

wheat was a failure; in 1910, 1911, and 1912 the winter-wheat yields

were distinctly larger than those of spring wheat; while in 1908,

1913, 1914, and 1915 the differences were not great. For the eight

years, the average yields of the winter varieties and durum spring

varieties are about equal, while the spring commons are 2 to 3 bushels

lower. When all the facts are considered, it appears that winter

wheat will return more value per acre than spring wheat.

EXPERIMENTS WITH OATS.

The better varieties of oats have made fair yields at the Akron
Field Station in all except one of the eight years during which they

have been tested. In 1911 the yields were low except that of Colo-

rado No. 37 (C. I. No. 619), which was located on a plat that received

some extra water from run-off. Four varieties have been grown dur-

ing the entire eight years. The average yield of these four varieties

was 42.5 bushels per acre. They include two early and two mid-
season varieties. The average yield of the midseason group is slightly

larger than that of the early group.
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Varietal experiments with oats have been conducted both in field

plats and in the nursery.

PLAT EXPERIMENTS.

Fifteen varieties and several strains of spring oats have been

grown in field plats. One of the strains shows some promise and

is reported in this bulletin. Others have failed to produce yields

superior to those of the parent varieties and have been discarded.

No variety of the late groups has been grown continuously. Table

X"\T!I shows the annual and average yields of the 16 varieties and
strairis grown on the Akron Field Station in the 8-year period from

1908 to 1915, inclusive. They have been divided into three groups,

according to the time of maturity.

Table XVII.

—

Annual and average yields of 16 varieties and strains of oats grown at the

Ahron Field Station, Akron, Colo., 1908 to 1915, inclusive.

C.L
No.

Yield per acre (bushels).

Group and variety.

1908 1909 1910 1911 1912 1913 1914 1915

Average.

Eight
years.

All years
grown.

Early:
Burt 293

459
170
165
788

444
619
441

48.2
36.0
34.5
33.4
40.0

36.8
36.1
20.6
28.1
26.2

63.1
65.0
50.5
65.0
61.2

82.6
85.0
78.0
82.6
74.2

57.4
Kherson 52.8 33.1 37.1 12.4

2.0
3.3
4.2

44.7 44.7
Perm. 37.1

42.9 37.2 21.9
32.0

29.4
29.9

39.3 39.3
Sixty-Day, 4P2

Midseason:
Canadian

39.6

19.2
36.8
40.8
41.8

53.1
55.6

25.4
Colorado No. 37 32.5 30.9 32.5 53.7 79.2 43.9 43.9

Early Champion 25.0 34.8 33.9
738
451
659
134

300
551
342

41.2 61.2 67.8 56.9
Red Rustproof 20.8

38.1
27.5

23.7

42.5
48.7

42.1

40.3
Swedish Select

Late:
NVTiite Tartarian

62.5

19.7
18.8
19.2

50.6 29.5 15.9 30.9

23.4

69.4

65.0

41.9 41.9

34.8
White Russian

1

1

As shown in Table XVII, the Kherson (C. I. No. 459) has an average

yield of 44.7 bushels per acre for the 8-year period. The varietj''

ranking second is Colorado No. 37 (C. I. No. 619) in the midseason

group. Its average yield is 43.9 bushels. When deduction is made
for the favorable location of Colorado No. 37 in 1911, the average

yield becomes the same as that of Swedish Select (C. I. No. 134),

41.9 bushels. The Sixty-Day variety (C. I. No. 165) has yielded

less than the Kherson variety in all years except 1909. Its average

yield of 39.3 bu.shels per acre is 5.4 bushels less than that of the

Kherson. The selection of the Sixty-Day variety, listed as Sixty-

Day 4P2, seems to be just about equal to the parent variety. A
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plat of a pure-line selection of Sixty-Day oats is shown in figure 7.

The Burt oat (C. I. No. 293) has been grown only four years. In

these years it has averaged 57.9 bushels, as compared with 55.5

bushels from the Kherson variety for the same period.

In the fall of 1907 a plat of Boswell Winter oats was sown. While

the winter survival was low, the plat yielded at the rate of 15.7

bushels per acre. Seed of this variety has been sown five other

years, and each time the plants have entirely winterkilled.

Fig. 7.—Plat of a pure-line selection of Sixty-Day oats at the Akron Field Station, with the farm build-

ings in the background, in 1910.

Table XVIII shows the average dates of heading and maturity,

height, weight per bushel, and yield of five varieties of oats repre-

senting all three of the spring groups. The White Tartarian was
not grown in 1909, 1910, and 1911. The average yields are shown
graphically in figure 8.

Table XVIII.

—

Average dates of heading and maturity, height, yield of grain and straw,

and weight per bushel offive varieties of oats grown at the Akron Field Station, Akron,
Colo., 1908 to 1915, inclusive.

Group and variety.
C.I.
No.

Dates of—

Height.

Yield per acre.
Weight

Heading. Maturity. Grain. Straw. bushel.

Early:
Kherson 459

165

619
134

300

June 26
June 27

July 6
July 8

July 11

July 20
July 19

Aug. 1

Jul^ 31

Aug. 9

Inches.
27
27

31

32

34

Bushels.
44.7
39.3

43.9
41.9

34.8

Pounds.
1,394
1,418

2,014
2,119

2,538

Pounds.
31.3

Sixty-Day 30.6
Midseason:

Colorado No. 37 35.0
Swedish Select 32.5

Late:
White Tartarian i 34.0

1 Not grown in 1909, 1910, and 1911.
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The data in Table XVIII show that the difference in date of

maturity between the early and midseason and between the mid-

season and late groups is about 10 days. The varieties in the early

group mature about July 20, those of the midseason group about

July 31, and those of the late group about August 9. There is an in-

crease of about 500 pounds per acre in the straw yield of each suc-

cessively later group. As oat straw has considerable feeding value

this should be taken into account. Considering yields of both grain

and straw, the midseason variety, Colorado No. 37 (C. I. No. 619),

has given the best returns during the period.

NURSERY EXPERIMENTS.

A total of 61 varieties and several hundred strains have been

tested in nursery rows. The varieties that have shown promise have

been advanced to the field tests. With the exception of Sixty-Day

4P2, they have not proved worthy of continued trial and have

20 2S 30 3S ^O 4S

f4 7 BU.

3.9 OU
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Fig. 8.—Diagram showing the average yields of the leading varieties of oats at the Akron Field Station,

1908 to 1915, inclusive.

been discarded. The nursery tests have served to ehminate a large

quantity of material not adapted to the conditions at Akron. The

results are of a negative rather than a positive nature.

RATE-OF-SEEDING EXPERIMENTS.

An experiment was begun in 1911 to investigate the effect of rate

of seeding on the yield per acre of oats. The Kherson variety (C. I.

No. 459) has been used. Table XIX shows the annual and average

yields obtained during the five years.

Table XIX.

—

Annual and average yields of Kherson oats in a rate-of-seeding test at the

Akron Field Station,, Akron, Colo., 1911 to 1915, inclusive.

Yield per acre (bushels).

Rate of seeling per acre.

1911 1912 1913 1914 1915

Average.

1911 to
1915

1912 to
1915

G.9
10. C.

i:',. 1

13.

8

4fi.9

(11.7

40.

43.1
71.9

30.

23.

1

40.

2r,.

18.2

74.4
71.8
84.4
().'").

73.8

85.

80. 9

87. 5

90.

90.

52.1
50.

8

53.

1

47.4

69.1

rj r»w;ks
4 l)W;k.H

60.9
63.1
55. 7

03.(1
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Wliat has been true of other similar tests at the Akron Field

Station is true of the rate-of-seeding test with oats, namely, that

the data are not consistent. In 1911, which was a dry year, there

was a gradual increase in yield as the rate of seeding increased. In

1912 there was no uniform variation. The 6-peck rate yielded 71.9

bushels per acre, the 4-peck rate 40 bushels, and the 3-peck rate 61.7

bushels. In 1913 the data show an exact reverse. The 6-peck rate

produced the lowest yield, the 4-peck rate the highest yield, and the

3-peck rate next to the lowest. In 1914, again, the highest yield

came from the 4-peck rate, but the 3-peck and 5-peck rates are both

lower in yield than the 2-peck and the 6-peck rates. In 1915 there

is a return to a uniformly gradual increase in yield as the rate in-

creases from 2 pecks to 6 pecks.

It seems probable that a part of the lack of uniformity throughout

the experiment may be due to soil variation. The 4-peck rate has

produced the highest average yield in the five years. The 4-year

average from the 6-peck rate is highest, but two seasons of favorable

rainfall are included. In the one year of low rainfall, 1913, the 6-

peck rate produced less than half the yield from the 4-peck rate.

The conclusion drawn from the data available at the present time is

that the 4-peck rate will produce the highest yield under average

conditions.
EXPERIMENTS WITH BARLEY.

In this section of the Great Plains spring barley is grown both

for farm use as a feed and for market. One variety may be best

adapted for feeding and another prove to be best to grow for market.

Several varieties and strains of barley have been tested, and four of

these, representing three groups, have been grown for eight years.

The 8-year average yield of four huUed barleys is 35.9 bushels

per acre. No rate-of-seeding tests have been conducted with barley.

Varietal tests of barley have been conducted on field plats and in

the nursery.
PLAT EXPERIMENTS.

The varietal tests of barley have become more extensive from

year to year. Table XX shows the annual and average yields of

19 varieties of barley grown at the Akron Field Station for varying

periods from 1908 to 1915, inclusive.

The 2-rowed hulled group contains the Blackhull (C. I. No. 878),

which has black glumes, and nine other varieties with light glumes.

All of this group have beards. The 6-rowed hulled group contains

Arlington Awnless (C. I. No. 702), which has light glumes and no

beards; Coast (C. I. No. 690), with white glumes and long heavy
beards; Horsford (C. I. No. 877), light glumes and hooded; and

Gatami (C. I. No. 575), with black glumes and beards. The data

show that of the varieties grown throughout the 8-year period,
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Hannchen (C. I. No. 602) has produced the highest average yield

per acre. Its average of 38.7 bushels is 0.7 bushel higher than that

of Coast, C. I. No. 690 (formerly grown and distributed as California

Feed). Hanna (C. I. No. 226) ranks third, with an average yield of

34.3 bushels. Wliite Smyrna (C. I. No. 658) is the only variety

recently introduced into the tests which shows promise of outyielding

those already mentioned.

Table XX.

—

Annual and average yields of 19 varieties of barley grown in field plats

at the Akron Field Station, Akron, Colo., during the eight years from 1908 to 19.15,

inclusive.

C.I.
No.

Yield per acre (bushels).

Group and variety.

190S 1909 1910 1911 1912 1913 1914 1915

Average.

All years
grown.

8-year
period.

SPRING TAEIETIES.

2-rcwed hulled:
Blackhull 878

21
203
226
531
602
617
351
532
658

709

702

690
877
575
643

595

1147

257

25.4 20.1 23.8
23.5
29.2
26.6

5.8
12.9
13.1
15.4

26.6
43.1
42.1
31.2
56.7
34.7

25.4
18.3
27.2
29.1
22.5
22.1

<2.9
40.7
42.5
42.5
45.9
59.6

77.1
72.2

86.'

6"

30.9
35.1
30.8
34.3
41.7
38.7
21.7
49.3
20.2
47.0

17.0

32.2

.38.0

25.6
45.2
25.9

25.1

44.0

8.3

30 9

Do
Do 34.2 22.2 34 3

Do 47.8
31.2

20.7
12.1

28.2 10.4 38.7

Orel 32.0
6.6

20.4

5.4

22.9

22.5
16.6
25.4
25.4

6.8

21.6

19.1

42.5
42.1
70.4

73.3

"so."
9'

32.3 2.3
27.5

17.9
35.8

28.6

\Vhite Smyrna
2-rowed naked:

Baku'
6-rowed hulled:

41.6

50.5
2!.0
65.0
40.0

41.6

44.5

79.1

56.0

66.0

Coast (California
Feed) 38.6

31.9
32.8
22.3

25.5
21.2

16.7
7.9

38.5
30.0

38.0

31.5

21.5

26.3

18.4

19.4

15.2

0.6

34.6

18.8
6-rowed naked:

25.1
Mixture:

WINTEE VARIETY.

6-rowed hulled:
5.8 9.4 15.4

' Yields computed at 48 pounds per l)ushel; actual weight about 56 pounds.

The variety commonly called "Bald" or ''White Hull-less" barley

is here called Nepal, its proper name. Although naked barley has

about the same bushel weight as wheat, it is here computed at 48

pounds, in order that the naked varieties may be more easily com-

pared with the hulled ones. On this basis the yield of the Nepal

variety is 25.1 bushels. Pound for pound it is more valuable than

hulled barley, as the latter contains from 10 to 12 per cent of hulls.

Deducting for these, the 25.1 bushels of Nepal barley is nearly equal

to 28.7 Ijushels of hulled ])iiHoy.

Winter barley has winterkilksd to such an extcsnt that the average

yield is low. In two years out u\ six the winter barley has failed.

Tlie average yield for tlie six y(!ars is 8..'^ Ixishcls to tlui acre.
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The average dates of heading and maturity, height, yield of grain

and straw, and weight per bushel of five varieties of barley which

were grown at the Akron Field Station during the 8-year period

from 1908 to 1915, inclusive, are given in Table XXL The average

yields are shown graphically in figure 9. BlackhuU (C. I. No. 878)

has averaged five days earlier in maturing than Coast (C. I. No. 690).

The ripening date of BlackhuU is July 15, and that of Coast July 20.'

Hannchen (C. I. No. 602) and Hanna (C. I. No. 226) are still later,

averaging July 22 and July 24, respectively.

The quality of grain, as shown by weight per bushel, puts Hannchen
in the lead and Hanna a close second. Although the Coast barley

has a plump, heavy grain, it does not thrash clean. The fragments

S/X-f?OIA^£D A/y^K£D-

/s so ss

^^^
^^? HHH^^*^^?

=^^^5 -^^""™ n^H-

^^H^^H nnnni

Fig. 9.—Diagram showing the average yields of the leading varieties of barley at the Akron Field

Station, 19G8 to 1915, inclusive.

of awns prevent its packing and the tester shows it to weigh only

39 pounds per bushel, or 9 pounds below the standard weight. The
straw weights do not vary sufficiently to need comment.

Table XXI.

—

Average dates of heading and maturity, height, yield of grain and straw,

and weight per bushel offive varieties of barley grown at the Akron Field Station, Akron,
Colo., during thp 8-year period, 1908 to 1915, inclusive.

Group and variety.
C.I.
No.

Dates of

—

Height.

Yield per acre.
Weight

Heading. Maturity. Grain. Straw.
bushel.

2-rowed hulled:
Blaekhull 878

226
602

690

595

June 18
July 2
June 30

June 25

June 28

July 15
July 21
July 22

July 20

July 22

Inches.
28
28
26

28

26

Bushels.
30.9
31.3
38.7

38.0

025.1

Pounds.
1,696
2,291
1,973

2,134

1,771

Pounds.
46.5

Hanna 47.0
47.5

6-rowed hulled:
39.0

6-rowed naked:
Nepal (White Hull-less) 67.8

« For comparison, computed at 48 pounds per bushel.

NURSERY EXPERIMENTS.

The nursery tests with barley have included 75 varieties and nu-

merous strains. The object has been to discover valuable new
material, and when a variety or selection did not prove itself supe-
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rior to varieties already in field plats it was discarded. The few
that have been worthy of field tests are included in Table XX.
Figure 10 shows a view of the barley nursery in 1912.

EXPERIMENTS WITH MINOR CEREALS.

RYE.

Winter rye has been grown in field plats for two years on the

Akron Field Station. The average yield in the two years was 26.1

bushels per acre. This is much below the wheat yields in the same
years. The blooming of the flowers at a time when dry, hot winds
are common causes a partial sterihty of the heads and a resultant

reduction in yield. At present rye is not grown as a grain crop,

but as a catch crop for forage.

EMMER. !

Winter emmer has been sown each of the eight years, 1908 to

1915, inclusive. The crops of 1909 and 1915 were failures. The

Fig. 10.—Barley nursery at the Akron Field Station in 1912.

highest yield, 29.5 bushels, was produced in 1908. The 8-year aver-

age yield of Black Winter emmer (C. I. No. 2337) is 14.2 bushels

per acre. Good stands are usually obtained, but a high percentage

of winterkilling occurs, and low yields result. Winter emmer can

not be recommended for this district.

White Spring emmer (C. I. No. 1524) has given fair yields in each

of the eight years it has been grown. The lowest yield, 11.1 bush-

els, was produced in 1910, and the highest yiidd, 09 bushels, in 1915.

The average aero yield has been 30.3 bushels. Spring emmer is

therefore a fair producer, but it has not boon a close competitor of

either wheat or barley.
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FLAX.

Flax has been sown in each of the eight years during which experi-

ments have been conducted at Akron. In the three years, 1911,

1914, and 1915, the crop failed. Russian (C. I. No. 19) has been

grown throughout the 8-year test. The highest yield recorded

was 13.1 bushels per acre, produced in 1912. Other varieties have

been grown for shorter periods, but none has proved superior to the

Russian. The 8-year average yield of this variety is 4.4 bushels

per acre.
PROSO.

Proso, commonly called hog millet or broom-corn millet, has not
been given a very thorough test. It has been grown in nursery rows
and small plats, but continuous field-plat tests have not been made.
Black Voronezh (C. I. No. 16) or selections from it has been grown

Fig. 11.—Plat of Black Voronezh proso at the Akron Field Station, with the station buildings in the back-

ground, in 1915. (From a photograph lent by the OfBce of Exhibits, U. S. Department of Agriculture.)

during five years. A plat of this variety in 1915 is sho\^Ti in figure

11. It was first sown in field plats in 1909, when it produced a yield

of 22.9 bushels per acre. It was again sown in field plats in 1912

and each of the three years following. The highest yield recorded

was 36 bushels in 1912. The 5-year average is 23.1 bushels.

Except possibly as a catch crop, proso can not be recommended for

this district.
GRAIN SORGHUMS.

Grain sorghums have been grown in field plats for five years. On
account of the short growing season and cool nights, most varieties

fan to mature. Manchu Brown kaoHang (C. I. No. 328) is the only

variety of apparent value in the Akron district. The highest yield
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was 18.7 bushels, produced in 1913. The lowest yield, 11.7 bushels,

was produced in 1915. The average yield in the five years, 1911 to

1915, inclusive, was 15.4 bushels. Because of the fact that some of

the sorgos, or saccharine sorghums, produce as much grain and in

addition yield more forage, grain sorghums can not be recommended
to farmers of this district at the present time. Farther south and
east, milo and dwarf milo are well adapted.

SUMMARY.

Cooperative experiments with cereals have been conducted at the

Akron Field Station during the eight years, 1908 to 1915, inclusive.

The station is located in the north-central part of Washington
Coiinty, in northeastern Colorado, at an altitude of approximately

4,560 feet.

The average annual precipitation in the 11 years, 1905 to 1915,

inclusive, was 19.72 inches. The average seasonal rainfall (March to

July, inclusive) was 12.33 inches. About two-thirds of the rainfall

occurs during the growing season.

The average evaporation from a free water surface during the six

months from April to September, inclusive, for the 8-year period,

1908 to 1915, inclusive, was 42.08 inches. The average precipitation

in the same period was 14.11 inches.

The average hourly wind velocity during the months from April to

September, inclusive, for the eight years was 7.1 miles.

The average length of the frost-free period for the eight years was

136 days. The average date of the last killing frost in spring was

May 13, and of the first killing frost in autumn, September 26.

The sod of the Akron Field Station is a, fine sandy loam.

The cereals tested on field plats have included 17 varieties and

strains of winter wheat, 44 of spring wheat, 16 of oats, 19 of barley,

and one or more of each of the minor cereals, rye, emmer, flax, proso,

and grain sorghums.

Winter wheat has given better results than spring wheat. The
durum wheats have produced higher average yields than spring

common wheats.

Crimean winter wheat (C. I. No. 1436) produced the highest average

yield of any winter wheat tested during the eight years, 1908 to

1015, inclusive, namely, 22 bushels. The Kharkof variety (C. I.

'So. 1583) ranks second, with 21.6 bushels.

Pelissicr durum wheat (C. I. No. 1584) produced 22.4 bushels, the

highest avcrag(5 yield of any spring wheat in the eight years, 1908 to

1915, inclusive. The Velvet Don (C. I. No. 1445) was second, with

a yield of 21 .5 bushels, and the Arnautka (C. I. No. 1493) third, with

#J'
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21.1 bushels. Ghirka Spring wheat, of the Fife group, yielded 18.6

bushels.

Rate-of-seeding tests with winter wheat have not been satisfactory,

but 3 pecks is thought to be the best rate.

Date-of-seeding tests with winter wheat indicate that the period

between September 15 and October 15 is the best time to sow.

A rate-of-seeding test with spring wheat indicates that sowing 3

to 4 pecks will produce the best yields.

Considering yields per acre and market value, winter wheat is more
profitable than spring wheat and spring durum more profitable than

spring common wheat.

The best varieties of oats tested in the eight years, 1908 to 1915,

are Kherson, with an average yield of 44.7 bushels, and Colorado

No. 37, yielding 43.9 bushels. The Kherson is an early variety and
Colorado No. 37 a midseason variety. Late varieties have yielded

much less than the early or midseason varieties.

Rate-of-seeding tests with the Kherson oats indicate that the best

yields are obtained by sowing 4 pecks per acre.

The best varieties of barley tested in the eight years are the Hann-
chen (C. I. No. 602), with an average yield of 38.7 bushels, and the

Coast (C. I. No. 690), with a yield of 38.0 bushels. The 2-rowed
group of barleys has averaged better than the 6-rowed group.

Winter rye has proven inferior in value to wheat.

Winter emmer has not been able to withstand winterkilling suffi-

ciently. The 8-year average yield is 14.2 bushels.

White Spring emmer has averaged 30.3 bushels per acre and is

therefore inferior to wheat or barley.

Flax has not produced well on account of its inability to success-

fully compete with weeds.

Proso, grown in field plats for five years, has averaged 23.1 bushels.

Its main value seems to be as a catch crop.

No grain sorghum has made good yields. Most varieties fail to

mature. The 5-year average yield of Manchu Brown kaoliang is

15.4 bushels per acre.
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INTRODUCTION.

The increase in the volume of business of individual cooperative

live-stock sMpping associations, as well as the growth in number of

such associations, has made it generally practicable and in some cases

urgent that a simple method of accounting be made available for

their use.

The simphcity in operation of associations organized for the

exclusive purpose of shipping hve stock cooperatively has tended

toward producing lax methods of accounting which give no general

idea of the financial condition of the associations. It is possible

in some instances to make a complete and final settlement to members
after returns have been made by the commission merchant for each

shipment; nevertheless it is important that these transactions be
kept in an orderly way if for no other reasons than for the detection

of errors and the furnishing of a permanent consecutive record of the

business.

Note.—This bulletin is of interest to live-stock shipping associations and persons contemplating the
organization of such associations.

5'J915'—Bull. 403—16
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While agricultural marketing organizations are founded primarily

for the disposal of products of the farm to the central market, in a

majority of cases they have found it necessary for the convenience of

their patrons to handle certain lines of farm supphes. Many live-

stock shipping associations are at present selling grains and prepared

feeds to the farmers, and as this is done to some" extent on credit accu-

rate accounts receivable must be kept.

The system of accounts devised by the Office of Markets and Rural
Organization and described in this bulletin has been so constructed

as to meet the requirements of shipping associations under vary-

ing conditions at a minimum expenditure of time and bookkeeping

effort,^ and is the result of investigations made by the office in

cooperation with several five-stock shipping associations in various

States where the system is now in successful operation. Special

care has been taken to make the method of application as direct as

possible and to cut to a minimum the number of forms necessary to

do the work properly. It is well understood that not all the forms

included in the system will be needed under every condition of opera-

tion, but such forms as are suggested will be found practicable for

use in every association attempting to keep an accurate account of

the transaction of its business.

TYPES OF SHIPPING AGENCIES.

The efforts of farmers to market their own five stock where suffi-

cient animals are available to support united efforts usually have

resulted in the formation of a corporation or association equipped

with the necessary estabfishment to do the work. This often includes

a yard and scale and the employment of a buyer or manager, with

provision for an office at or near the yard. Where such associa-

tions have been formed and have not had sufficient business to

make it profitable to keep a manager, individual farmers have taken

turns at shipping for the association. This method can not be

recommended, however, as some one should have a continuous

knowledge of the affairs of the association to insure proper service.

Individual buyers having an estabfished business at a certain

point frequently make it a practice to ship for farmers on commission

on the same basis used in shipping associations. This arrangement

is common only in places where but few farmers have the desire to

sell at terminal market prices. In any case, the accounting records

necessary would be similar.

1 For a further discussion of general subjects relating to live-stock shipping associations, see Doty, S. W.,

and Hall, L. D., "Cooperative Live-Stock Shipping Associations," U. S. Department of Agriculture,

Farmers' Bui. 718, 1916.
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FINANCING SHIPPING ASSOCIATIONS.

In order that a live-stock shipping association may conduct

its business along safe hnes it is advisable that the organization

be incorporated. If organized under a law requiring capital stock,

shares in the corporation may be sold at a price sufficient to bring

in the necessary capital, but the amount which has been found most

successful for the par value of shares has been from $10 to $25. In

some associations it has been found feasible after incorporation to

sell shares in order to procure capital and to issue memberships at

$5 each to all patrons not desifing to buy stock. In course of time

many of the holders of memberships who have had a chance to test out

the value of the shipping association desire to become stockholders,

and it is therefore advisable to make the memberships convertible

into stock at their face value.

Under the corporation laws of some States provision is made for

the chartering of nonstock cooperative enterprises. Where incor-

poration is had under one of these laws, provision should be made
for a membership fee large enough to bring into the treasury suf-

ficient funds to conduct the business.

A five-stock shipping association in its simplest form would not

require incorporation or an extensive capital, but if any considerable

amount of business is done it wiU be found necessary to expend

money on equipment, and this will require an outlay of capital before

sufficient business can be done to lay aside a fund necessary for these

purposes. It is not wise, therefore, to consider the formation of an

association without adequate provision for meeting needed expend-

itures.

ACCOUNT SALES.

The account sales rendered by the commission merchant at the

terminal market to the shipping association, an example of which is

shown on page 4, furnishes all the original material from which the

accounts deafing with live stock are derived. Account sales, when
rendered with reference to mixed shipments, should show the number
of animals of each kind and grade, together with weight, price, the

amount sold for, and marks as applied to each kind and grade. In

addition, it should furnish the total of expenses and deductions,

which should bo supported by an itemized fist showing what items

are charged for and the amount of each. The difference between the

total sale value and the shipping expenses is the net proceeds to

the association. From this must be taken the association expenses

and deductions, leaving the amount to bo distributed to the members
represented in the shipment.
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[Name of Commission Firm.]

(Market) (Date)

'ost offic

Purchasers. Cattle. Hogs. Sheep. Weight. Dock. Price. Amount. Total.

'

1

i

Car No. R. E. weights. Rate. Freight char

Yar

Hay ...lbs..

Com - . bush .

.

Insp

Insu

Com

ection .

.

ranee

missinn

Net proceeds

Proceeds remitted to.

DESCRIPTION OF THE OFFICE OF MARKETS AND RURAL ORGANIZA-
TION LIVE-STOCK SfflPPING SYSTEM.

Certain features in a system of accounting devised for uniform

adoption by any particular line of business may be found unneces-

sary in specific instances. For example, a provision for the sale of

supplies included in the cash journal of this system wiU not be
needed by associations which do not handle feed and suppHes. The
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omission of sucli provisions, however, would make the system misuit-

able to the requirements of many other associations, and their inclu-

sion has been found to be of no disadvantage in any case.

In order to include all the necessary features required in Hve-stock

shipping-association accounting, the system devised by the Office of

Markets and Rm'al Organization and described in this bulletin is

comprised of the foUowing seven forms

:

1. Cash journal.

2. Shipment record envelope.

3. Member's receipt.

3a. Member's account sales.

4. Manifest.

5. Sales ticket.

6. Cash receipt.

THE CASH JOURNAL.

The Cash Journal, Form No. 1, pages 6 and 7, is a multi-column

cash book and journal combined, with provision for a detailed ac-

count of sales of supphes. This book and an ordinary form of loose-

leaf ledger consitute the only books of record required.

SHIPMENT RECORD ENVELOPE.

The shipment record envelope, Form No. 2, page 8, is used

for the double purpose of filing the papers relating to a certain

shipment so that they will be easily accessible at any time, and

of providing a form giving full information concerning the ship-

ment. When an account sales has been received from the terminal

market, the data which it contains are transferred to the form on
the sliipment envelope, where the number of each kind of animals

represented in the shipment is set down, together with the home
weight, the market weight, and the percentage of shrinkage. The
amounts of the different items of expense are then set down oppo-

site their respective items on the shipment envelope in the amount
column and the charge per hundredweight on each of these is pro-

rated under the respective kinds of animals in the shipment. An
addition of these per hundredweight charges would then give the

total per hundredweight charge against each class of animals, which

is used as a basis of proration upon the member's accomit sales.

At the bottom of this form arc shown the net returns on the ship-

ment and the home expenses and deductions. The difference

hbtwitcn these gives the total amount to be remitted to members.

A notation at the side shows the date of tlio remittance and the num-
bers of statements covered by the remittance.
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» [Shipment record envelope.]

Office of Markets and Rural Organization, Live Stock System Form No. 2.

Farmers Live Stock Shipping Association.

Date SMpment No

Routing Car initials

Consignee Car No

Address

Shipment covered by receipts No to No

Kind. Number. Home wt.
Market
wt.

Per cent
shrinkage.

Remarks.

Hogs

Calves

Cattle

Total
'

Charges. Amount.

Charge per hundredweight.

Hogs. Calves. Cattle. Sheep.

Selling nomml'ssinn

Manflger's fnmmiRsion

Incidental expenses

Total.

— ——

Remittances date .191

Statements No to No
1

MEMBER'S RECEIPT AND ACCOUNT SALES.

In order that there may be no dupHcation in the amount of work
necessary to secm'e the original entries with reference to shipments,

a form has been provided, whereby a carbon copy of the information

contained on the member's receipt, Form No. 3, which is dehvered to

the farmer at the time of the dehvery of his stock, is made upon the

member's account sales (see page 9, Form No. 3a), and upon a duph-
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Office of Markets and Rural Organization, Live Stock System Form No. 3.

Farmers Shipping Association,

member's receipt.

P.O 191

Received, from

No. Article. Classification. Home weight. Remarks.

Weigh er

[To be made in duplicate.]

Office of Markets and Rural Organization, Live Stock System Form No. 3a.

Duplicate.]

Farmers Shipping Association.

account sales.

p. 191

In account with . . . . .

No. Article. Classification. Home weight. Shrinkage. Net weight. Price. Amount.

Weigh er

Freight.
Selling
com.

1

Inciden-
tals.

Ydg. and
feed.

Labor.
Total-ex-
pense
(cwt.).

Total ex-
pense (net
weight).

Hogs

Veals....

Cattle...

Sheep..

.

Inrlos*"'' firifl rheck No for half nee due

cato of the account salfis, which is hold in the ofTifM;. The percontago

of shrinkage having been detemriined on the shipment record envelope,

the amoimt of shrinkage for each member's animals is then obtain-
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able oj multiplying the home weight by the percentage of shrinkage.

The difference between the shrinkage and the home weigh^i will

then give the net weight. This amount multiphed by the price

gives the gross receipts for that member's stock. After the indi-

vidual expense against the shipment has been deducted, the net

amount of returns is derived. The member's account sales is then

inclosed with a check and mailed to the members. The number of

the check is recorded both on the original and duphcate account sales

and the duphcate is then filed in the envelope, which contains all

the other material regarding the shipment.

MANIFEST.

In order that mistakes and unnecessary delays may be avoided,

it is advisable to furnish the commission merchants with a manifest

of the shipment (Form No. 4, page 10). The manifest should show
the names of the shippers dehvering stock to the association, the num-
ber of head belonging to each, together with the class and marking.

A copy of the manifest should be tacked inside the car, a duplicate

sent to the commission firm, and a triphcate kept in the ofiice of

the shipping association to be filed in the shipment record envelope.

SALES TICKET AND CASH RECEIPT.

Such associations as deal in supplies will require the use of an
ordinary sales ticket covering each sale (Form No. 5, page 11), which
should be made out in duphcate, the original being given to the

purchaser and the duplicate filed in the office for future reference.

When payments are made in cash, the cash receipt (Form No. 6,

page 11) should be used, so that the manager may be able to iden-

tify such payments.
[To be made in triplicate.]

Manifest.

farmers shipping association.

Date, ., 191.

.

SMpped to

Address '. .

.

Car No Routing

Office of Markets and Rural Organization, Live Stock System Form No. 4.

Name. No. head. Kind. Marking. Remarks.
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Sales Ticket,

farmers shipping association.

Date,

Sold to

Total sales.

OflBce of Markets and Rural Organization—Live Stock System Form No. 5.

Cash Receipt.
No

FARMERS SHIPPING ASSOCIATION.

Received from , Date, ,191.

.

For— Amount.

Office ofMarkets and Rviral Organization—Live Stock System Form No. 6.
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ENTERING ACCOUNTS ON THE CASH JOURNAL.

Upon receipt of a check accompanying an account sales from the

market, the amount of the check should be entered in the cash col-

umn in the cash journal to the debit of cash and credited to Hve-stock

account in the general accounts column. The check covering such

a shipment, together with other cash receipts for the period since the

last bank deposit (all of which should be entered in the cash column)

,

should then be deposited, and an entry for the amount of the deposit

should be transferred to the bank deposits column. Further entries

in the cash colunm will not be added to entries made previous to this

deposit, since the cash column serves merely as a memorandum of

the amount of receipts, and the various additions from day to day

are transferred to the bank deposits column as the deposits are made.

After having prorated the returns on the shipment on the members'

account sales, the association checks to the members should be

entered in consecutive order, givmg the name of each patron with the

number of the check. The amount of each check is entered in the

bank withdrawals colmnn and the total payments charged to the

live-stock account in the general accounts column.

Journal entries covering home expenses and deductions relative

to the shipment can then be entered. These would include such

items as manager's commission and incidental supplies and would
be credited to these respective accounts and charged to live stock.

The inclusion of these items, together with the checks paid to mem-
bers, should constitute the total charges to the live-stock account.

When a check is issued to the manager for his services, the amount
should be charged to the manager's commission account, showing

the account balanced for a particular shipment. Such items as

stationery, stamps, lumber for partitions, etc., when purchased can

be charged to incidental supplies and credited off as used in the man-
ner cited above. The rate charged in the proration of these materials

should be such as to credit them off the books at their cost value.

In accounting for sales of supplies, the several columns should be

headed according to requirements. All entries of sales may then be

distributed under the appropriate headings, showing the pounds and

amount of each sale. If the supphes are sold on account, the amoimt
of sales should be charged in the accounts receivable column opposite

the customer's name in the items column. The number of the sales

ticket should in each case be entered in the sales ticket column.

Cash sales should be credited to the proper commodity, as in the case

of sales on account, a corresponding amount being entered to the

debit of cash in the cash column. As the entries progress and the

pages of the cash journal are fiUed, the various columns should, be

added and the totals carried forward to the next page. The two
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sides of the cash, journal should at aU times be in balance, with the

exception that the debit side should exceed the credit by the exact

amount of the first entry of the month, which should be the amount

of cash in the bank, this entry being made at the head of the bank

deposits column. At the close of the last business day of the month

the bank book should be balanced, so that the manager will be able

to check up the correctness of his entries in respect to cash. If the

difference between the totals of the bank deposits column and the

bank withdrawals column of the cash journal is equal to the differ-

ence between the bank balance as shown in the passbook and the

outstanding checks, this will prove that the entries as made in the

cash journal correspond to the transactions with the bank, and the

two balances therefore are considered reconciled.

POSTING OF THE LEDGER.

In associations which have been doing business ovei a period of

time, it will be necessary before making postings to the ledger to set

up the accounts representing the assets and liabdities of the associa-

tions.^ These assets and liabihties will include such assets as cash

in the bank, equipment for doing business, notes receivable, accoiuits

receivable, inventory accounts, and such liabiHties as biUs payable

and capital stock outstanding.

Since the cash journal is arranged with columns so that the several

commodities may be accounted for in the proper columns, the number
of necessary postings to the ledger is reduced. As the work progresses

during the month, aU the entries ui the accounts receivable and gen-

eral accounts columns, both debit and credit, should be made daily

to their respective accounts in the ledger. Such postings as are nec-

essary in respect to various commodities sold can be made at the

end of the month in total, posting to the ledger both the amounts in

pounds and the values of the commodities sold. In respect to pur-

chases of suppHes, the same procedure should be followed regarding

posting both pounds and price, so that the ledger account not only

will give the value and kind of goods on hand, but will serve also as

a perpetual inventory of such commodities.

CONCLUSION.

As has been the practice of the oflBice in relation to its other accoimt-

ing systems, improvements will be made in the system for live-stock

shipping associations described in this bulletin wherever it is shown
that such changes will improve its adaptability to the business.

' For further discussion of opf;ningbfX)kssecHumphrey,JolinIl.,and Kerr, W.H.," Lumber Accounting

and Opening Books in Primary Grain Elevators," IT. 8. Department of Agriculture, Markets Document
No. 2, 1910.
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In connection with its service through the pubHcation of account-

ing forms and bulletins relating to accounting and business practice

in marketing organizations, the office is rendering valuable personal

assistance through field representatives. Where deemed advisable

and necessary, assistance is furnished to associations in improving

their accounting and business methods by assisting in the installation

of bookkeeping systems and bv advising the management on im-

proved methods of operation.

The activities of the office are carried on in a spirit of thorough

cooperation, and it is hoped that those who accept its services will

feel free to become constructive critics of its work.
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In preparing the report on the manufacture of paper from hemp
hurds it became evident that a short discussion of the agricultural

aspects of this material should be included in the publication. Such
an article was prepared, therefore, and the two reports are here pre-

sented together.

THE PRODUCTION AND HANDLING OF HEMP HURDS.

By Lyster H. Dewey, Botanist in Charge of Fiber-Plant Investigations.

WHAT HEMP HURDS ARE.

The woody inner portion of the hemp stalk, broken into pieces and
separated from the fiber in the processes of breaking and scutching,

is called hemp hurds. These hurds correspond to shives in flax, but
are much coarser and are usually softer in texture.

Note.—This bulletin should bo useful to all persons who are interested in the economic phases of paper
making;, especially to xtrint and book paper manufacturers. It also should be of interest to scientific inves-

tigators and chemists.

51047°—Bull. 4r>4—ir 1
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The hemp stalk grown in, a, broadcast crop for fiber production is

from one-eighth to three-eightiis of an inch in diameter and from 4 to

10 feet tall. The stalk is hollow, with a cylindrical woody shell, thick

near the base, where the stalk is nearly solid, and thinner above, where
the hollow is relatively wider.

In the process of breaking, the woody cylinder inside of the fiber-

bearing bark is broken into pieces one-half of an inch to 3 inches long

and usually split into numerous segments. The thicker lower sec-

tions are split less than the thin-shelled upper ones, and they are often

left quite solid.

PITH, WOOD, AND FIBER.

The inner surface of the hurds usually bears a layer of pith, consisting

of thin-walled cells nearly spherical or angular, but not elongated.

They are more or less crushed and torn. They are probably of little

value for paper, but they constitute less than 1 per cent of the weight

of the hurds. The principal weight and bulk consist of slender elon-

gated woody cells. The outer surface is covered with fine secondary

fibers composed of slender elongated cells, tougher than those of the

wood but finer and shorter than those of the hemp fiber of commerce.

No method has been devised thus far which completely separates

from the hurds all of the long fiber. From 5 to 15 per cent of the

weight of the hurds consists of hemp fiber, in strands from 3 inches

to 8 feet in length. Some fragments of the bark, made up of short

cubical cells, usually dark in color, cling to the strands of fiber.

CHARACTER OF HURDS AFFECTED BY RETTING.

Nearly all of the hemp in the United States is dew retted. The
stalks are spread on the ground in swaths, as grain is laid by the cradle.

The action of the weather, dew, and rain, aided by bacteria, dissolves

and washes out the green coloring matter (chlorophyll) and most of

the gums, leaving only the fibrous bark and the wood. The plants in

this process lose about 60 per cent of their green weight, or about 40

per cent of their air-dry weight.

The stalks are sometimes set up in shocks to cure before retting,

and after retting they are set up in shocks to dry. Each time the

stalks are handled they are chucked down on the ground to keep the

butts even. In these operations sand and clay are often driven up
into the hollow at the base of the stalks, and this dirt, which often

clings tenaciously, may constitute an objectionable feature in the use

of hemp hurds for paper stock.

In Italy and in most localities in Russia and Austria-Hungary

where hemp is extensively cultivated, it is retted in water, but water

retting has never been practiced in the United States except to a

limited extent before the middle of the last century. Hurds from
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water-retted hemp are cleaner and softer than those from dew-retted

hemp.
The fiber is sometimes broken from dry hemp stalks without retting.

The hurds thus produced contain a small percentage of soluble gums,

chiefly of the pectose series. Comparatively little hemp is prepared

in this manner in America.

Process retting by means of weak solutions of chemicals or oils in

hot water is practiced to a limited extent. The hurds from these

processes may contain traces of the chemicals or oils and also soluble

gums in greater degree than those of the dew-retted or water-retted

hemp.

PROPORTION OF HURDS TO FIBER AND YIELD PER ACRE.

The yield of hemp fiber varies from 400 to 2,500 pounds per acre,

averaging 1,000 pounds under favorable conditions. The weight of

Fig. 1. -Hemp-breaking machine. The stalks are fed sidewise in a continuous layer 2 to 3 inches thick,

turning out about 4,000 pounds of clean fiber per day and five times as much hurds.

hurds is about five times that of the fiber, or somewhat greater from

hemp grown on peaty soils. A yield of 2^- tons of hurds per acre may
be taken as a fair average.

HURDS AVAILABLE FROM MACHINE-BROKEN HEMP.

Hemp hurds are available only from hemp which is broken by
machines, when the hurds may bo collected in quantity in one place

(figs. 1 and 2). Most of the hemp in Kentucky is still broken by
hand brakes. These small brakes are moved from shock to shock, so

that the hurds are scattered all over the field in small piles of less

than 50 pounds each, and it is the common practice to sot fire to them
as soon as the brake is moved. It would be difficult to coUoct them
at a cost which would permit iholr use for pap(U' stock.

Where machine brak(!S are used, the h(unp stalks are brought to tho

machine as grain is brought to a thrashing machine, and tho hurds
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accumulate in large piles, being blown from the machine by wind
stackers.

Machhie brakes are used in Wisconsin, Indiana, Ohio, and Califor-

nia, but to only a Hmited extent in Kentucky. Five different kinds

of machine brakes are now in actual use in this country, and stiU

others are used in Europe. All of the best hemp in Italy, command-
ing the highest market price paid for any hemp, is broken by machines.

The better machine brakes now in use in this country prepare the

fiber better and much more rapidly than the hand brakes, and they

will undoubtedly be used in aU locahties where hemp raising is intro-

duced as a new industry. They may also be used in Kentucky when
their cost is reduced to more reasonable rates, so that they may
compete with the hand brake. Hemp-breaking machines are being

Fig. 2.—Machine brake and liemp hurds. Hemp hurds from macliine brakes quickly accumulate in

large piles.

improved and their use is increasing. The hemp-growing industry

.can increase in this country only as machine brakes are developed to

prepare the fiber. A profitable use for the hurds will add an incentive

to the use of the machine brake.

PRESENT USES OF HEMP HURDS.

Hemp hurds are used to a hmited extent for barnyard htter and

stable bedding, as a substitute for sawdust in packing ice, and, in

rare instances, for fuel. They are not regarded as having a commer-
cial value for any of these uses, though they are doubtless worth at

least $1 per ton on the farm when used for stable bedding. They are

a waste product, without value for other purposes which might com-
pete with their use for paper stock.
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PRESENT SUPPLIES OF KURDS AVAILABLE.

During the last season, 1915, about 1,500 acres of hemp have been

harvested outside of Kentucky and in regions where machine brakes

are used. Estimating the yield of hurds at 2^ tons per acre, this

should give a total quantity of about 3,750 tons. Large quantities of

hemp from the crop of 1914, which are still unbroken in these areas,

and large piles of hurds undisturbed where the machines have been

used during the last two or three years, increase the total to more
than 7,000 tons. Hemp is now grown outside of Kentucky in the

vicinity of McGuffey, east of Lima, Ohio; around Nappanee, Elkhart

County, and near Pierceton, in Kosciusko County, Ind. ; about Wau-
pun and Brandon, Wis. ; and at Rio Vista and Stockton, Cal.

In Kentucky, hemp is grown in most of the counties within a radius

of 50 miles of Lexington. No accurate statistics of the acreage are

collected, but the crop harvested in 1915 is estimated at 7,000 acres.

A machine brake will probably be used in Bourbon County and also

in Clark County, but most of the hemp in Kentucky will be broken on

hand brakes.
BALING FOR SfflPMENT.

The hurds will have to be baled to facilitate handhng in transpor-

tation and to economize storage space at the paper mills. The bales

will need to be covered with burlap or some material to keep them
from shaking out. They may be baled in the same presses that are

used for baling hemp fiber, but care must be exercised to avoid break-

ing the press, for the hurds are more resistant than hemp fiber. A
bale of hemp 2 by 3 by 4 feet weighs about 500 pounds. A bale of

hurds of the same size wiU weigh about one-third less, or approxi-

mately six bales per ton.

Rough hemp fiber as it is shipped from the farm is not covered;

therefore, the covering material must be purchased especially for the

hurds. A piece of burlap about 36 by 48 inches placed on either side

of the bale will be sufl&cient, but these pieces, weighing about 3

pounds each, cost about 40 cents a pair. Baling rope, in addition to

jute covering, will cost at least 5 cents per bale, making the total cost

of covering and ties $2.70 or more per ton. Possibly chip board,

costing about $33 per ton, or not more than 5 cents for the two pieces

for each bale, may be used in place of burlap. Chip board, burlap,

and also rope ties may all be used for paper stock. Burlap covers

might be returned, to be used repeatedly until worn out, but chip

board could not be used more than once.

COST OF BALING.

If burlap covers are used the cost of baling, including covering, ties,

use of baling press, power, and labor will amount to at least 60 cents

per bale, or about $3.75 per ton. If chip board can be used the cost
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may be reduced to about $2 per ton. The cost of hauling and loading

on the cars will vary from $1 to $3 per ton, depending upon the dis-

tance and the roads. The farmer must therefore receive from $4 to

$6 per ton for the hurds, baled, on board cars at his home station.

SUMMARY.

Hemp hurds are the woody inner portion of the hemp stalk, broken

into pieces in removing the fiber.

They are not used at present for any purpose that would compete

with their use for paper.

Hurds are available only from machine-broken hemp, for the cost

of collecting them from the hand brakes would be too great.

About 7,000 tons are now available in restricted localities in Ohio,

Indiana, Wisconsin, and Cahfornia.

The quantity is hkely to increase as the use of machine brakes

increases.

The hurds may be baled m hemp-fiber presses, with partial burlap

covers Hke those on cotton bales, or possibly chip-board covers.

It is estimated that the farmers may deliver the bales on board

cars profitably at $4 to $6 per ton.



THE MANUFACTURE OF PAPER FROM HEMP KURDS.

By Jason L. Merrill, Paper-Plant Chemist, Paper-Plant Investigations.

INTRODUCTION.

The purpose of this paper is to report upon prehminary tests which

were conducted to determine the paper-making value of hemp hurds,

a crop waste of the hemp-fiber industry.

The search for plant materials capable of being utiUzed in paper

manufacture is a comparatively recent but world-wide activity which

has for its object the husbanding of present sources of paper-stock

supply by the substitution of new materials for some of those which

are rapidly becoming less plentiful and more costly.

The abstract idea of utilizing that which is at present a waste can

play no important r61e in such activities, the successful commercial

outcome of which must be based on the three fundamental factors

—

market or demand for product, satisfactory raw material, and cost.

Since hemp hurds are to be treated in this report as a raw material

for the manufacture of book and printing papers, the qualities, supply,

probable future, and cost of the material will be considered in com-

parison with wood, with which it must compete. There seems to be

Httle doubt that the present wood supply can not withstand in-

definitely the demands placed upon it, and with increased scarcity

economy in the use of wood wiU become imperative. This effect is

aheady apparent in many wood-using industries, and although the

paper industry consumes only about 3 per cent of the total forest cut,

it is probable that it wiU be affected through this economy. Our
forests are being cut three times as fast as they grow, and as wood
becomes more expensive proper growing and reforesting will receive

more attention. Thus, naturally, a balance will be established be-

tween production and consumption, but as this condition approaches

its limiting values the price of wood may rise to such levels that there

wlQ be a demand for other raw materials.

The use of waste paper in conjunction with chemical wood pulp

has increased to enormous proportions, and it is probable that the

increase wiU continue. Although it is a cheaper raw material than

wood, it is reasonable to suppose that as the wood supply decreases

and the price of wood pulp advances, the price of waste paper will

advance somewhat proportionately.

In view of these conditions it is advisable to investigate the paper-

making value of the more promising plant materials before a critical

51647°—Bull. 404—16 2 7
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situation arises. To be of substantial value the investigations should

include not only a determination of the quality and quantity of pulp

and paper which the material is capable of producing, but should

embrace a consideration of such relevant factors as agricultural con-

ditions, farm practice, assembling conditions, transportation, and
probable future supply.

Certain cultivated plants seem particularly promising, because in

the harvesting of the regular crop that portion which might be utiHzed

for paper manufacture necessarily is either wholly or partially as-

sembled. To this class of plants belong corn, broom corn, sorghum,

sugar cane, bagasse, flax^ hemp, and the cereal straws.^,

It is generally conceded that the employment of different raw
materials would probably yield products of a somewhat different

quality than those now prevailing in the markets, but the qualities of

papers and the public demands are so diversified and numerous that

this possible objection should not be serious. Ten years ago sul-

phite manufacturers would not accept consignments of spruce logs

if they contained over 5 per cent of fir, while to-day many manufac-

turers tolerate 50 per cent. Rope papers are found to contain not

only jute, but when this raw material is not plentiful, chemical pulp

of various kinds. "Linen paper" is often no more than a trade term.

Not long ago printing papers were made entirely from chemical wood
pulp, but to-day if it is desired to secure paper which is free from
ground wood the specifications must so stipulate. Writing papers,

formerly made entirely from rags, now are Hkely to contain either

chemical or even ground-wood pulp unless the specifications prohibit

it. Without doubt, many paper manufacturers have maintained cer-

tain papers up to a fixed standard for a long series of years, but it

is equally true that competition has lowered the standard of a gre§t

many papers, some of which had acquired a distinctive recognition.

The employment of plant fibers will not necessarily lower the present

quaUty of papers, but if their employment does result in products

whose quahties are somewhat different from our so-called standard

papers it does not necessarily follow that such papers wiU not find

a ready market.

FACTORS JUSTIFYING AN INVESTIGATION OF HEMP KURDS.

Hemp hurds form a crop waste, in that they necessarily are pro-

duced in the raising and preparation of hemp fiber, and their present

use and value are comparatively insignificant.

The assembling of the hurds may be effected with economy, since

the area in which hemp is handled with the use of machine brakes is

restricted. Although it must be stated that the present annual

1 For descriptions of investigations of some of these crops, see the list of publications at the end of this

bulletin.
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supply would not be sufficient to justify the installation of a pulp mill

nor would its transportation to existing mills appear feasible, it

is expected that the available annual tonnage, especially in certain

general sections, wiU increase, due to the increased use of the machine
brake. The present tonnage per annum is approximately as follows:

In the region of Ohio and Indiana, 2,500 tons; in the Wisconsin sec-

tion, 1,000 tons; in the California region, 1,400 tons.

In years of adverse weather conditions there are often large areas

of hemp which are not harvested on account of its poor quality;

there are also large areas of cut hemp which become overretted, due
to inclement weather. It has been suggested by some of the hemp
raisers that this large amount of material might be utilized as a paper

stock. In these cases the cost of the whole material would probably

be somewhat higher than that of the hurds, because either all or part

of the cost of harvesting and the total cost of breaking would have to

be borne by the paper maker. Moreover, the quality of this material

would be so very irregular and the supply so uncertain that it prob-

ably would not appeal to the paper manufacturer.

Without doubt, hemp will continue to be one of the staple agri-

cultural crops of the United States. The wholesale destruction of

the supply by fire, as frequently happens in the case of wood, is pre-

cluded by the very nature of the hemp-raising industry. Since

only one year's growth can be harvested annually the supply is not

endangered by the pernicious practice of overcroppmg, which has
contributed so much to the present high and increasing cost of pulp

wood. The permanency of the supply of hemp hurds thus seems

assured.

The favorable location geographically of the hemp regions in re-

lation to the pulp and paper industry is a factor of considerable

importance. The Kentucky region is not at present in a position

to supply hurds, as machine methods have not been adopted there

to any appreciable degree. The Ohio and Indiana region, which at

present has the greatest annual tonnage, with the prospect of an in-

*crease, is situated south of the Wisconsin and Michigan wood-pulp
producing region and at a distance from the eastern wood-pulp
producing regions ; therefore, it is in a favorable position to compete
in the large Ohio and Indiana markets. Since, as wUl be shown,

the hurd pulp acts far more like soda poplar stock than sulphite

stock, competition would be strongest from the eastern miUs; in

fact, the hurd stock might very possibly meet with favor as a book-
stock furnish in the Michigan and Wisconsin paper miUs, which are

within the sulphite fiber-producing region. Because of its very close

proximity to paper mills, this latter possibility applies with far

greater force to the Wisconsin hemp region, where a considerable

extension of the hemp industry is anticipated.
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^G- 3.—A representative sample ofhemp liurds , natural size, sHowinghemp fiber and pieces ofwood tissue.
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CHARACTER OF THE MATERIAL.

As received from Pierceton, Ind., the hurds consisted of a mixture of

tangled hemp bast fibers and pieces of broken wood of the hemp
stalk. (Fig. 3.) No reliable data were secured as to the propor-

tion of bast fiber in the total shipment of 4 tons, although two

hand separations of small representative samples gave results aver-

aging 8 per cent. The chemical character of the material was such

and the quantity was so small that any appreciable variation of the

proportion should not affect materially the treating processes finally

adopted, yet its presence in varying proportions undoubtedly would

Fig. 4.—Fiber derived from the woody portion of the hurds. X 75. From a microphotograph.

modify to some extent the quality of the resulting paper product.

Since the length of the ultimate bast fiber averages about 22 mm. and

the length of the ultimate hemp wood fiber averages 0.7 mm., it is

natural to assume that the bast fiber would tend to increase the

strength of paper produced from the hurds. (Fig. 4.)

The broken pieces of wood contained in the hurds varied in length

from mere particles which were somewhat finer than sawdust to pieces

about 3^ inches long, exceptional pieces being found which measured

6 inches in length. The majority of the long pieces were between 2

and 3 inches in length. In thickness the pieces ranged from one-eighth

of an inch, in case they were derived from the base of the hemp stalks,

to about one sixty-fourth of an inch in those pieces which were

derived from the top and branches of the stalks. In cross section the
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pieces often were found to be a quarter or half of the rounded rectan-

gular woody shell of the stalk, although there appeared to be no
regularity in this respect.

From the pulp-maker's standpoint the great irregularity in thick-

ness, length, and mass of the woody pieces militates decidedly against

economy in pulp production. The smaller pieces reduce by chemical

treatment sooner than the larger fragments and are thereby over-

treated, which results in a lower yield of cellulose fiber and a product

composed of undertreated and overtreated fibers, the production and

use of which are not satisfactory or economical. It probably would

be found more satisfactory, therefore, to screen or sort the hurds and

treat the various sizes separately and differently.

Associated with the hurds was a small quantity of chaff and dirt,

composed chiefly of sand, soil, particles of hemp leaves and flowers,

and other extraneous matter. The sand and soil were present

because of the practice of placing the stalks in shocks in the field, the

butts of the stalks being in contact with the soil. It is a simple

matter, however, to remove the chaff and dirt by sieving, and this

practice was followed in most of the paper tests conducted with this

material.

CHARACTER OF THE TESTS.

Because of the similarity of hemp hurds to other materials which

have been tested by the Office of Paper-Plant Investigations, semi-

commercial tests were conducted in cooperation with a paper manu-
facturer without prehminary laboratory tests. Laboratory pulp and

paper tests are regarded only as a preliminary to semicommercial

tests and therefore are not employed imless the material in question

presents new features which should receive investigation before

larger sized tests are undertaken.

The advantages of cooperative mill tests are many, among which

may be mentioned the counsel and advice of the mill management
and employees, the services of speciahzed and skilled labor, facilities

for comparing the processes and the results of tests with commercial

processes and results, and the use of commercial or semicom-

mercial types and sizes of machinery. Tests conducted in this

manner and on this scale are of a different quality than is pos-

sible in those conducted in a laboratory, and the results are suscep-

tible of commercial interpretation with a fair degree of reliability.

It is found, in general, that the cost of securing such equipment and

service for a complete and comprehensive test does not exceed $500,

while the installation of an equally satisfactory equipment alone

would cost at least $50,000 and in many cases very much more.

Tests conducted in this manner constitute a direct demonstration to

the manufacturer, and the results obtained are found to carry more

weight when presented to other manufacturers for consideration.
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It is well known that the method of conducting tests necessarily

varies with the size of the test. In the matter of yield determination,

for example, laboratory tests may be on such a small scale that the

weighing and sampling of the resulting cellulose fibers may be con-

ducted by means of chemical laboratory apparatus and analytical

balance, while in tests involving a matter of 5 to 10 pounds of material

larger and different types of equipment are necessary. When
the tests are so increased in size as to employ 300 or 400 pounds,

still other t3rpes of equipment are necessary for the treatment of

the material and for a determination of the yield of fiber. In

tests involving tons of material the equipment involves the use of

machines. Accuracy in degree of control and in results will vary

materially with the size of the test. As the size of the test increases,

certain factors will vary in a beneficial manner, while others will vary

in a detrimental manner, so it is a question for each investigator to

decide, after taking all factors into consideration, as to the size of

test which will give the most satisfactory results. In work of this

nature it is found, on the whole, that better results are obtained in

large tests, although the control of the factors and the determination

of the yield of fiber are more difficult than in smaller tests.

In the tests described in this bulletin, the Department of Agricul-

ture employed a rotary digester of its own design,^ comprising a shell

5 feet 5 inches in length by 4 feet in diameter, capable of holding

about 300 pounds of air-dry hurds. It is believed that a test of this

size is large enough to give satisfactory results and that the results

are susceptible of commercial interpretation, while at the same time

they are sufficiently small for complete control and to afford fiber-

yield figures which are both accurate and reliable. Two such rotary

charges gave enough 'fiber for one complete paper-making test.

OPERATIONS INVOLVED IN A TEST.

A complete test on hurds comprises seven distinct operations, and
the method will be described, operation by operation, in the order

in which they were conducted.

Sieving.—The hurds for the first test were not sieved to remove
sand and dirt, but the resulting paper was so dirty that sieving was
practiced in aU subsequent tests. The hurds were raked along a

horizontal galvanized-iron screen, 15 feet long and 3 feet wide, with

11 i meshes per linear inch, the screen being agitated by hand from

below. Various amounts of dirt and chaff could be removed, depend-

ing on the d(;grce of action, but it was found that if much more than

3 per cent of the material was removed it consisted chiefly of fine

pieces of wood with practically no additional sand or dirt; in most of

the tests, therefore, the material was screened so as to remove

' For a description of this rotary digester, see Brand, C. J., and Merrill, J. L., Zacaton as a paper-

making material, U. 8. Dept. Af;r. Bui. 3CX», p. 2S, 1915.
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approximately 3 per cent. It became apparent that a finer screen

would probably serve as well and effect a saving of small but good

hurds.

Cooking.—Cooking is the technical term for the operation by which
fibrous raw materials are reduced to a residue of cellulose pulp by
means of chemical treatment. In these tests about 300 pounds of

hurds were charged into the rotary with the addition of a caustic-

soda solution, such as is regularly employed in pulp miQs and which

tested an average of 109.5 grams of caustic soda per liter, or 0.916

pound per gallon, and averaged 85 per cent causticity. Sufficient

caustic solution was added to furnish 25 or 30 per cent of actual

caustic soda, calculated on the bone-dry weight of hurds in the charge.

After closing the rotary head, it was started rotating at the rate of

one-half revolution per minute, and in about five minutes steam at

120 pounds per square inch was admitted at such a rate that the charge

was heated in one hour to 170° C, which is the theoretical equivalent

of 100 pounds of steam pressure per square inch. It was found,

however, that when the temperature reached 170° C. the pressure

was usually 115 or 120 pounds instead of 100 pounds, due to air and
gases inclosed in the rotary. At this point the rotary was stopped

and steam and air relieved until the pressure dropped to 100 pounds,

or a sohd steam pressure. The temperature was maintained at this

point for the number of hours required to reduce the hurds, which

was found to be about five, after which the rotary was stopped

and steam relieved until the pressure was reduced to zero, when the

head was removed and the stock was emptied into a tank under-

neath, measuring 5^ by 6 by 2 feet deep, where it was drained and
washed. Samples of waste soda solution or ''black liquor," which
were taken from some of the "cooks" for analysis, were drawn whUe
the stock was being thus emptied into the drainer.

Determination of yield.—For determining the yield of cellulose fiber

the stock in the drain tank was washed with water until free from

waste soda solution, when, by means of a vacuum pump communi-
cating with the space between the bottom and the false perforated

bottom, the water was sucked from the stock, leaving the fiber with
a very uniform moisture content throughout its entire mass and in a

condition suitable for removing, sampling, and weighing for a yield

determination. Tests have shown that it is possible to sample and
calculate the yield of bone-dry fiber within 0.05 per cent of the actual

amount.

It has been found that stocks from different materials vary greatly

in their ability to mat in the drain tank, thereby enabling a good
vacuum to be obtained, some stocks permitting a 25-inch vacuum to

be obtained, while others will not permit more than 5 inches. For
this reason the moisture content of the stock will vary from 65 to 85
per cent.
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Washing and hleacMng.—Washing and bleaching were performed

for the purpose of bleaching the brown-colored cooked stock to a

white product, since it was regarded as highly probable that the fiber

would be suitable for book-paper manufacture. The colored stock

was charged into a 400-pound beating and washing engine of regular

construction and washed about one hour, the cylinder washer being

covered with 60-niesh wire cloth in order to remove fine loose dirt

and chemical residues. The washer was then raised, the stock

heated by steam to about 40° C, and a solution of commercial

bleaching powder was added in the quantity judged to be necessary,

after which the stock was pumped to a large wooden tank, to remain

and bleach over night. If the stock was bleached sufiSciently white

it was drained and washed from bleach residues, and if not more
bleach was added until a good color was obtained. The bleaching

powder used was estimated to contain 35 per cent of available

chlorin, as this is the commercial practice, and the amount required

was calculated to the bone-dry weight of the unbleached stock.

More bleach is required for undercooked stock than for stock which
is properly cooked or overcooked; therefore, the percentage of

bleach required is an indication of the quality of the cooked stock.

Since bleaching is usually more expensive than cooking, it is desirable

to cook to such a degree that the consumption of bleach wUl be held

within certain limits, depending on the raw materials used and the

quahty of paper to be produced. In these tests it was desirable so to

cook the hurds that the consumption of bleach would not be over

about 10 per cent of the fiber.

Furnishing.—Furnishing is the operation of charging the beating

engine with the desired kind or kinds of fiber in the proper proportion

and amount and the adding of such loading and sizing agents as may
be necessary. As shown in the record of results, the furnish in these

tests consisted of hurd stock alone and of various proportions of

hurds, sulphite fiber, and soda fiber. The percentages to be given in

the record of the furnishes refer to the percentage of the total fiber

furnish, and this likewise applies to the loading and sizing agents.

In case sulphite or soda fiber was used, the commercial product in

the dry state was charged into the beating engine and disintegrated,

after which the hurd stock was added in the wet condition.

Beating.—Beating is that operation concerning which the paper

makers often say "there is where the paper is really made," and

although the statement may not be literally true it contains a great

deal of truth. It is the operation whereby the fibers are separated

from each other, reduced to the proper lengths, and put in such a

physical or chemical condition that they felt properly and form into a

satisfactory sheet. It is pro})ublo that the quality of the shoot

depends more upon the proper beater action than upon any other

single operation. The action consists in drawing a water suspension

of the fiber between two sets of rather blunt knives, one set being
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located in the bottom of a circulating trough and the other set on the

periphery of a roll revolving just above the former set of knives. It

is during this operation that the loading and sizing agents are incor-

porated and the whole furnish is tinted either to produce a satisfac-

tory white or the desired color.

The term "paper making/' as used in this publication, means the

operation of forming the finished sheet of paper from stock which has

been furnished and prepared in the beater. In these tests a 30-inch

Fourdrinier machine of regular construction was used, a machine

which often is used for the production of paper for filling regular com-
mercial orders. The machine is designed to cause the water suspen-

sion of fibers to flow on to a traveling wire cloth, whereby the water

drains away. More water is removed by passing the wet sheet through

a series of press rolls, after which the sheet is dried on steam-heated

drums and passed through polished iron rolls, which impart a finish

to the sheet. A Jordan refining machine was employed in conjunction

with the machine to improve further the quality of the fiber, and a

pulp screen was used in order to remove coarse and extraneous mate-

rials from the fiber.

DESCRIPTION OF TESTS.

The nature of each complete paper test and the dependence of

each operation.on the others were such that it does not seem advisable

to submit the results of the seven tests in tabular form. The numer-

ous cooks, however, which furnished the pulp for the paper tests are

presented in Table I in all essential detail.

Table I.

—

Data on cooking hemp hurds.

Cook No.

Cooking.

Caustic
soda used

(percentage
of bone-dry

Strength of

caustic soda
(grams per

liter).

Causticity
of soda

solution. Time Tempera-
liurds). (hours). ture (°C.)

20.6 100 75.3 3 166
21 100 75.3 3 166
21.6 100 75.3 3 166
20.3 100 75.3 3 166
21.9 100 82.5 4 166
24.4 100 82.5 4 166
24.2 100 84.3 4 166
25 100 84.3 4 170
25 100 84.3 5 170
27.8 107.5 84.3 4 166
26.7 107 84.4 5 170
26 107 84.4 5 170
27.3 107 84.4 5 170
27.1 107 84.4 6 170
27.2 107 84.4 6 170
28.3 116.5 85.5 5 170
29.1 113.1 84.9 5 170
29.1 109 83.9 5 170
29.4 109 83.9 5 170
30 109.5 84.9 5 170
29.6 109.5 84.9 5 170
29.6 107 84.8 5 170
29.4 107.5 84.2 5 170
29.3 107.5 84.2 5 170

Yield of
bone-dry
fiber (per-
centage of
bone-dry
unsieved
hurds).

293
294
295
296
301
302,

303
304
305
306
307
308
309
310
311
312
313
314
315
316
317
318
319
320

(1)

44.1
39.5
39.4
36.5
38.1

37.3

37.0
36.8
35.9

35.2

34.9
37.2
37.0
37.7

35.4

1 Stock not used; dirty.
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Discussion of the various cooks will be given in connection with

the descriptions of those paper tests in which the stocks from the cooks

were used, since a stock and its cooking condition can be judged ade-

quately only after it has been put through the various processes and

into the finished sheet of paper.

The first test consisted in making four separate cooks, Nos. 293, 294,

295, and 296, of approximately 300 pounds each, dividing the total

stock into two parts and making two separate paper tests. The
lu'st test was made primarily in order to learn some of the qualities

and characteristics of the stock and to get the machinery equipment

adjusted properly. The yield of fiber was not determined in this

prehminary test, since the knowledge of it was not essential at this

stage of the work. The cooked stock which was emptied into the

drainer to be washed free from black liquor was composed largely of

whole pieces of hurds, but only slight pressure between the fingers

was required to crush the pieces. In the case of wood, this condition

ordinarily would indicate undercooking, but might not in the case of

hurds. Further observation on the action of the cooked stock during

subsequent processes was necessary in order to judge of its quality or

the suitability of the cooking conditions. The total cooked stock,

about 500 pounds, was divided into two portions of 200 and 300

pounds, respectively, and work was continued on them separately.

The 200-pound test, designated as run No, 135, was put into a 350-

jDOund washing engine, washed one hour, and given a total light brush

of 2 J hours. The washing removed a great amount of dirt, but the

engine did not reduce the hurd stock as much as was desired. After

heating the stock in the beater to 40° C, it was bleached with bleach-

ing-powder solution, 94 gallons at 0.418 pound bleach per gallon,

equivalent to 19.7 per cent of the fiber. This percentage of bleach is

regarded as too high for stock intended for book-paper manufacture,

and subsequent cooks therefore were given harder treatment in order

to reduce this figure. After draining and washing free from bleach

residues, the stock was furnished in the beater with 13 per cent of

clay, 1 per cent of resin size, and 2.5 per cent of alum, was tinted

blue, given one hour's light brush, and pumped to the stock chest.

When running it on the paper machine, the Jordan refiner seemed
to have little effect in reducing shives of undertreated wood, which

indicated further the necessity of harder cooking. The furnish acted

well on the paper machine at 70 feet per minute, but appeared some-

what too "free " on the wire. The paper produced from this test is of

very low quality, due to the improper preparation of the stock, lack

of sufficient bleach, the use of too small an amount of blue tinting, and
the presence of an excessive amount of dirt, sand, anfl shives. The
excessive amount of dirt and sand suggested the sieving of the hurds

before cooking, and this was performed in all subsequent cooks.
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The finish of the sheet is very poor, due to the fact that the calender

stack was composed of very light rolls which did not have a satisfac-

tory surface, yet the stack is known to be able to produce betterfinishes

if the proper stock is employed.

Run No. 136 was made on the 300-pouiid portion of stock from
cooks Nos. 293, 294, 295, and 296, and in essentially the same manner
as run No. 135. The stock was washed one hour, but given a brush

of three hours, and this brush was harder than in run No. 135.

Bleach to the extent of 19.8 per cent of the fiber was used, assisted

by 1 pint of oil of vitriol, and the resulting color was an improvement
over that of run No. 135. After adding 13.5 per cent of clay and
sizing with 1.1 per cent of resin size, the furnish was given one-haK

hour's light brush, tinted, and run on the machine, which was set

at 70 feet per minute. This stock acted better on the wire and gave

no trouble on the machine, but it still seemed to be impossible to

reduce the wood shives by manipulation of the Jordan refiner. The
resulting sheet is an improvement over that produced by No. 135,

but is far from satisfactory.

Run No. 138 was made from hurds which, as in all subsequent tests,

were sieved on a ll|-mesh wire screen until practically all the loose

dirt and sand was removed, which operation caused a loss averaging

3 per cent of the hurds. Stock from cooks Nos. 302 and 303 was
used for this run and the increased amount of caustic soda and the

increase in the time of cooking gave a stock of better appearance than

those of preceding tests.

The stock, amomiting to 231 pounds dry weight, was washed and

at the same time given a light brush for one hour only, after which

it was bleached with 17 per cent of bleach without the addition of

acid. Since the preceding paper appeared somewhat weak and had
a low tearing quality, it was decided to use a furnish of 15.7 per cent

bleached sulphite and 84.3 per cent bleached hemp-hurd stock.

After loading with 13.1 per cent of clay and sizing with 1.1 per cent

of resin size, the furnish was given a medium brush for one hour,

tinted, and run on to the machine at 70 feet per minute. The stock

gave no trouble on the machine, but it was impossible to judge the

effect of the Jordan refiner, because through an oversight the machine

chest had not been cleaned since previous use on an unbleached

yucca material. It is believed, however, that sheet No. 138 shows

improvement in the preparation of the hurd pulp.

Rim No. 139 was made from stock of cooks Nos. 304 and 305,

in which still more caustic soda was employed and the time and tem-

perature of cooking were increased, giving a yield of total fiber of

40.7 per cent of the sieved or 39.4 per cent of the misieved hurds.

The cooked stock still seemed to be undertreated, but it must be

remembered that in working with any new raw material it is impos-
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sible to know in advance how the properly treated material should

appear. A washing of one hour was given while the roll was lowered

from a light to a medium brush, after which the stock was bleached

with 17.1 per cent of bleach without the aid of acid. Since sulphite

stock improved the previous paper, this bleached stock was used

in a furnish of 16.6 per cent sulphite and 83.4 per cent hurds, loaded

with 16.7 per cent clay, sized with 1.4 per cent resin size, given a

medium brush of two hours, tinted, and run on to the machine at

70 feet per minute. The Jordan refiner seemed to have little effect

in reducing shives and was therefore left "just off." No trouble was
experienced with the stock on the machine, and the sheet is an

improvement over previous samples.

Run No. 140 was made from cooks Nos. 306 and 307, in which

more caustic soda was employed than in any previous cooks and at a

higher concentration, the fiber yields of which averaged 37.3 per cent

of the unsieved hurds. Not much improvement was apparent in

the cooked stock, in spite of the increased severity of cooking. The
stock was washed and given a medium brush for one hour, bleached

with 11.9 per cent of bleach, assisted with one-half pint of oil of

vitriol, and made into a furnish of 14.9 per cent sulphite and 85.1

per cent of the hurd stock. After loading with 14.7 per cent of clay

and sizing with 1.28 per cent of resin size, the furnish was given two

hours' medium brush, tinted, and run on to the paper machme at

70 feet per minute. Again the Jordan refiner did not seem to reduce

the wood shives sufficiently, and it was left "just off." No trouble

which could be attributed to the stock was experienced on the paper

machine. The color of the resulting paper is due to the use of too

httle blue in tinting and probably in some measure to the use of too

low a percentage of bleach.

Run No. 141 was made from the stock of cooks Nos. 308 and 309

in practically the same manner as run No. 140. The stock was
washed and brushed one hour, bleached (the record of the amount
of bleach was lost), made into a furnish of 14.7 per cent of sulphite

and 85.3 per cent of hurd stock, loaded with 14.9 per cent of clay,

sized with 1.26 per cent of resin size, given one hour at a medium
brush, tinted, and run on to the machine. The Jordan refiner was
able to reduce the wood shives to a somewhat greater degree than in

previous runs and was held at a medium brush. The stock acted

well on the machine and produced a sheet of better quality than any
preceding, with the exception of the color, which was due to using too

small a quantity of blue.

Among the cooks made for run No, 142 are Nos. 312 and 313, in

which the concentration of the caustic soda was raised to 113 and
116 grams per liter and the percentage employed was also increased.

In spite of these increases the stock from these two oooks did not
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show any appreciable improvement when dmnped from the rotary.

Stock from cooks Nos. 310, 311, and 312 was given a medium brush

and washing of one hour, bleached with 10.95 per cent of bleach,

made into a furnish consisting of 15.2 per cent of sulphite and 84.8

per cent of hurd stock, loaded with 15.2 per cent of clay, sized with

1.28 per cent of resiQ size, given a medium, brush for one hour, tinted,

and pumped to the stock chest. Stock from cooks Nos. 313 and 314

was treated in exactly the same manner, except that 11.4 per cent

of bleach was used. It was pumped to the stock chest and mixed

with the furnished stock from cooks Nos. 310, 311, and 312. A
medium Jordan brush was given the stock and it acted well on the

paper machine, which was speeded to 75 feet per minute. There

seems to be a tendency in the hurd. stock to crush a little at the

"dandy roll," and although the marks are not removed by the calen-

der stack which was employed in those tests it was found that one

"nip" on the supercalenders renders them practically imperceptible

and it is believed that the proper size and weight of calender stack

would entirely remove these marks. All of the papers produced

up to this point are somewhat lacking in the bulk desired in a book
paper; therefore, in the two following runs soda-poplar stock was
included in the furnishes.

In run No. 143 stock from cooks Nos. 315 and 316 was given a

medium brush and washing for one hour and was medium brushed

for one hour more, bleached with 11.3 per cent of bleach assisted

with one-half pint of oH of vitriol, made into a furnish of 16.5 per

cent of sulphite, 22.3 per cent of soda poplar, and 61.2 per cent of

hurd stock, loaded with 22 per cent of clay, sized with 1.38 per cent

of resin size, given a hard brush for one hour, tinted very strongly,

and piunped to the stock chest. This stock was beaten to a greater

extent than in previous runs. The stock was run on the paper

machine at a speed of 75 feet per minute, using a medium Jordan

brush, and no trouble whatsoever was experienced. Not over 2

pounds of "broke" was produced during the whole run, and that

was in the "threading" of the machine. The color of the sheet is

entirely satisfactory for many uses. The wood shives apparently

were reduced to a satisfactory degree. Experienced paper makers

commented very favorably on the running of this furnish and the

quality of the paper produced.

Run No. 144 was intended as a duplicate of run No. 143. Stock

from cooks Nos. 317 and 318 was given a medium brush and washing

for one hour and a further medium brush of one hour, bleached with

11.4 per cent of bleach, and made into a furnish composed of 15.5

per cent of sulphite, 23.5 per cent of soda poplar, and 61 per cent of

hurd stock, loaded with 21.4 per cent of clay, sized with 1.17 per cent

of resin size, hard brushed for one hour, tinted by th,e expert colorer
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of the company, and pumped to the stock chest. Stock from cooks

Nos. 319 and 320 was treated in exactly the same manner except

that the stock was bleached with 12.1 per cent of bleach and pumped
to the stock chest to mix with the former furnish. The stock acted

very well on the machine, which was speeded to 75 feet per minute,

with the Jordan refiner set at a medium brush. The sheet is as good,

if not better, than that of run No. 143, and it is also a good illustra-

tion of the extent to which proper tinting will enhance the general

appearance of a paper. The poor appearance of the samples of

previous runs is due largely to lack of proper tinting. Various

degrees of whiteness, however, are demanded by the trade.

COMPARISON OF THE TESTS AND COMMERCIAL PRACTICE.

In work of this nature and on this scale it is practically impossible

to arrive at a cost figure which would be susceptible of commercial

interpretation, and in this preliminary publication nothing will be

attempted beyond a comparison of the process used with the hurds

with that process commercially applied to poplar wood. The process

last used with the hurds should not be regarded as final, satisfactory,

or most suitable, as it has been shown that progress was being made
up to the conclusion of the work.

In comparing the method of using hurds with the method of han-

dling poplar wood, a difference is apparent on the delivery of raw
material at the miU. Ordinarily, poplar is received at the mill in

the form of logs about 4 feet in length, which may be stored in piles

in the open. Hurds very hkely would be received baled, and it would

seem advisable to store them under cover for the following reasons:

(a) Baled hurds would probably absorb and retain more water

during wet weather than logs of wood, thereby causing excessive

dilution of the caustic liquor; (b) prolonged excessive dampness

might create heating and deterioration unless the hemp were properly

retted; (c) wet hurds could not be sieved free from sand and chaff.

Should further work show that the first two reasons need not be

taken into consideration, the third objection might be overcome by
sieving the hurds before baling. Even then, it is probable that

baled hurds stored in the open would accumulate and retain con-

siderable dirt from factory chimneys, locomotives, and wind.

Checked pulp wood exposed in the open invariably suffers from

these caases.

In the preparation of the raw material for the digesters there is

likewise considerable difference between hurds and poplar wood.

The former apparently requires only a moderate sieving to remove
sand and chaff, which operation doubtless would rccpiire only a

small amount of labor and the installation of some simple machinery

of low power consumption. In preparing poplar for digestion, the
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4-foot logs are chipped by a heavy, comparatively expensive chipper

of high power consumption, after which the chips are sorted by
sieving, the large pieces being rechipped. There would be a note-

worthy difference in the installation, operating, and depreciation

costs of the two equipments, and this difference would counterbal-

ance to a considerable extent the difference in cost of raw material

storage.

It is possible that in the use of the chip loft more care would have

to be exercised in using hurds because of the tendency of the bast

fiber to cause lodgments, but this should not be considered a serious

difficulty.

The weight of hurds which are capable of being charged into a

rotary is a decidedly unfavorable factor. The weight of a cubic

foot of hurds varies somewhat with the proportion of bast fiber,

but averages about 5.4 pounds, which, compared with a cubic foot

of poplar chips at 8.93 pounds, represents a digester charge of 60.5

per cent of the weight of a poplar-wood charge, or, in terms of fiber

capacity, the hurds charge would yield 38.6 per cent as much fiber

as the wood charge. The hurds upon being baled for transporta-

tion may be broken and crushed to such a degree that the weight

of the charge may be increased, and it might be found possible to

increase the charge weight by steaming or by the employment of

tamping devices. This small weight of charge constitutes one of the

most serious objections to the use of hurds in paper manufacture.

In those tests in which the most satisfactory results were obtained,

the cooking conditions were 29.5 per cent of caustic soda at a concen-

tration of 107 grams per liter and a causticity of 84.0 per cent acting

at a temperature of 170° C. for five hours, or a total time of seven

hours. The steam condensation in the rotary used for these tests

was abnormally high, due to the fact that the steam supply pipe was
uncovered for a considerable distance and the rotary was entirely

imcovered. It is believed, therefore, that a larger amount of caustic

was necessary than would otherwise have been the case. This

belief is strengthened by the quality of the waste liquor from one of

the later cooks, which gave on analysis 16.85 grams per liter of free

caustic soda and showed a causticity of 27.75 per cent. These data

show that only 67.3 per cent of the total caustic employed was actu-

ally consumed in the cooking operation, which percentage is lower

than obtains in practice. The stock from this cook was bleached

with 11.5 per cent of bleach. But even as the figures stand, the

comparison with poplar cooking practice is as follows: 29.5 per cent

caustic soda used as against 22 to 25 per cent; 107 grams per liter

as against 100 to 110; 84 per cent causticity is little different than

obtains in practice; 170° C. is about com.mercial practice; five hours

at pressure as against four to six hours; seven hours' total time as
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against possibly six to eight hours; 11.5 per cent bleach as against

8 to 10 per cent. Thus, it is evident that the cooking conditions

employed were sHghtly more severe and expensive than those in

commercial use with poplar wood.

The yield of total fiber obtained from the hurds may be placed at

35 per cent of bone-dry fiber calculated on the bone-dry weight of

hurds used, or 33.1 per cent of air-dry fiber calculated on air-dry

hurds. The yield of bleached fiber was not determined in this pre-

liminary work, but may be safely estimated as 30 per cent, which is

low when compared with a yield of about 47 per cent of bone-dry

bleached fiber from bone-dry poplar wood. It is believed quite

possible that satisfactory cooking conditions may be found which will

give a higher yield than was obtained during these tests. The stock

should be classed as easy bleaching, and 11.4 per cent of bleach is a

satisfactory figure, although a httle high.

As to beating cost, in the last two and most satisfactory tests the

total washing and beating time was three hours, which may be about

an hour more than ordinarily is used in making papers of this grade,

although the practice varies to a considerable extent.

In regard to furnish, there is such a diversity of practice that it is

difficult to make a comparison, but if the hurd stock can be produced

as cheaply as soda-poplar stock, the furnish used in these last two
tests should be regarded as satisfactory to the book and printing

paper manufacturer.

The finish of the paper was not all that might be desired, but that

was due almost entirely to the calender stack available for the work,

which was composed of nine hght roUs, many of which were about

6 inches in diameter and which had not been reground for some time.

From a small test on a large calender stack it was readily shown that

the paper produced is capable of taking a satisfactory finish.

This comparison, satisfactory in many respects, develops two
factors which are decidedly unfavorable to hemp hurds, namely, raw-

material storage and digester capacity, and they must be taken into

full account in considering the paper-making value of this material,

although it should be recognized that investigation may result in the

material improvement of these conditions. Moreover, it is not at all

improbable that further investigation would develop more satisfac-

tory treating conditions and more suitable furnish compositions, and

the belief in this possibility is strengthened by the fact that material

progress was being made at the conclusion of this preliminary work.

Calculations on the raw material and acreage for a permanent sup-

ply for a pulp mill producing 25 tons of fiber a day for 300 days per

annum, or 7,500 tons per annum, give the comparison between hurds

and wood shown in Table II.
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Table II.

—

Comparison between wood and hemp hurds.

Pulp yield.
Raw material
required per

year.

Annual
growth
per acre.

Acres required for sus-
tained supply.

Material.

For 25-ton
mill.

For It on
of fiber

per year.

Wood Two cords
yield 1 ton of

fiber.

One ton yields
600 pounds
of fiber.

15,000 cords

25,000 tons

0.37 cord
(about
0.55 ton).

2.5 tons . .

.

40,500

10,000

5.4

Hemp hurds 1.33

The most important point derived from this calculation is in regard

to areas required for a sustained supply, which are in the ratio of 4

to 1. Every tract of 10,000 acres which is devoted to hemp raising

year by year is equivalent to a sustained pulp-producing capacity of

40,500 acres of average pulp-wood lands. In other words, in order to

secure additional raw material for the production of 25 tons of fiber

per day there exists the possibihty of utihzing the agricultural waste

already produced on 10,000 acres of hemp lands instead of securing,

holding, reforesting, and protecting 40,500 acres of pulp-wood land.

The annual growth per acre, although decidedly in favor of hurds,

has httle bearing on the project, because the utihzation of the hurds

is subordinate to the raising of hemp, and the paper manufacturer

probably could afford to use only hurds resulting from the hemp
industry.

PHYSICAL TESTS OF THE PAPERS PRODUCED.

Samples of paper produced in the seven tests were submitted to

the Leather and Paper Laboratory of the Bureau of Chemistry. The
report of that bureau on its tests is given in Table III.

Table III.

—

Report of the Leather and Paper Laboratory of the Bureau of Chemistry on
papers manufacturedfrom hemp hurds.

Labora- Run
No. Ash.

Weight of 500
sheets.

Thick-
ness,

1/10000.

Strength (Mullen).
Strength
factor (25

Folding endur-
ance.

tory No.

25 by 38. 25 by 40.
Aver-
age.

Maxi-
mum.

Mini-
mum.

by 40,
500). Longi-

tudinal.
Trans-
verse.

31570
31571
31572
31573
31574
31575
31576

144
143
142
141
140
139
138

Per ct.

13.9
14.5
9.5
10.9
11.4
13.4
10.4

Pounds.
48
49m
48
42
55
56

Pounds.
50i
51

J

52'

504
44'

58
59

33
35
33
38
30
40
40

15.0
14.0
19.0
16.5
14.5
19.5
20.0

17.0
14.0
20.0
18.0
16.0
20.0
20.0

11.0
13.0
19.0
11.0
13.0
17.0
19.0

0.30
.28
.37
.33
.33
.34
.34

5
4
8

10
7
8

23

3
4
6
8
6
5
15

There is no system of numerically recording the general appearance

and "look through" of a paper, but it can be stated that only papers
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Nos. 143 and 144 are satisfactory in these respects, the other sam-
ples being more or less thickly specked with shives. The general

character and tests of these papers correspond very closely with

Ko. 1 machine-finish printing paper, according to the specifications

of the United States Government Printing Office, which call for a

sheet not exceeding 0.0035 inch in thickness, strength not less than

12 points, free from unbleached or ground wood pulp, and ash not

over 10 per cent. The strength factor of such papers is about 0.28.

The ash should not be over 10 per cent for this grade of paper, but

in spite of the larger amount used the physical tests are sufficiently

high. It is to be noted that the physical tests of samples Nos. 138

to 142, inclusive, are higher than in Nos. 143 and 144, in which 23

per cent of soda poplar was used, which shows clearly that hemp-
hurd stock imparts strength and folding endurance to a greater

extent than does soda-poplar stock. From these preliminary tests it

would be concluded, therefore, that hemp-hurd stock acts similarly

to soda-poplar stock, but will produce a somewhat harsher and
stronger sheet and one of higher folding endurance. Undoubtedly,

there is more dirt in the samples than would be tolerated by the

trade, but this was to be expected, since in this preUminary work the

raw material was sieved by hand screens instead of by automatic

machines which would sieve more thoroughly.

CONCLUSIONS.

There appears to 5e little doubt that under the present system of

forest use and consumption the present supply can not withstand

the demands placed upon it. By the time improved methods of

forestry have established an equilibrium between production and

consumption, the price of pulp wood may be such that a knowledge

of other available raw materials may be imperative.

Semicommercial paper-making tests were conducted, therefore, on

hemp hurds, in cooperation with a paper manufacturer. After

several trials, under conditions of treatment and manufacture which

are regarded as favorable in comparison with those used with pulp

wood, paper was produced which received very favorable comment
both from investigators and from the trade and which according to

official tests would be classed as a No. 1 machine-finish printing

paper.
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PART L—INTRODUCTION.
SUMMARY OF KNOWLEDGE OF LUPINES AS POISONOUS PLANTS.

EARLY HISTORY AND LATER STUDIES.

1'ho lupines have been known from very ancient times, and are

mentioned by many authors, e. g., Theophrastus, Marcus Fortius Cato

Censorius, and Phny. The last-named author (ed. 1856, pp. 49-50,

452-453)^ treats of the lupine at length, especially with reference to

its use as a green manure. Several species have been used as culti-

vated crops in P^urope, more especially for the reclamation of sandy

soils. It has been used also as a fodder crop, and the seeds ground

Note.—This paper will be of special interest to the stockmen of the West.

1 Bibliographic citations In parentheses refer to " Literature cited," p. 4.3.
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into meal have been used botli for domestic animals and as food for

man. In Germany tlie land utilized for lupine, according to the

latest available statistics, - is 346,753.3 hectares; on 200,000 hectares

of this amount it is cultivated as a green manure. The poorer people

among the Greeks and Romans and the Cynic philosophers made
use of lupine meal in bread. The bitter principle was recognized not

only as disagreeable, but as injurious, and the seed was especially

prepared in order to get rid of this property. Among the Greeks the

seeds were cooked until soft, to remove the outer skin, then placed in

sacks in shallow places on the seashore to wash out the bitter prin-

ciple. Afterwards the seeds were dried, ground in a hand mill, and

baked into a poor bread. Only the poorest people used this meal

unmixed, but others mixed it with other kinds of meal, making a

more digestible flour. (Landerer, 1852.) Because the lupines were

planted in Maina and there used for food, the people in that region

were known as '^Lupinophagi." Lupine meal was also used by the

ancient Egyptians, and is still used in Andalusia, Corsica, and Pied-

mont. (Cornevin, 1893, p. 314.) In modern times lupine meal, after

a process of "Entbitterung," has been used to some extent as food

for animals.

As a medicine, lupine seeds have been used since ancient times.

Pliny (ed. 1856, p. 452-453) enumerates 35 different uses. The
main uses, however, seem to have been as a cathartic and as a vermi-

fuge. For the latter it was used as an external apphcation as well

as internally.

BeUini (1876) reports in detail cases of poisoning in man from

using a decoction of lupine as an enema. He states that Averrhoes

and Hofman pointed out the poisonous properties of the plants, and

that Paullus, 1708, reports a case of poisoning of a boy by an enema.

The reference to Averrhoes and Hofman could not be verified, as

apparently they only mentioned the plants as a vermifuge. The
symptoms mentioned by Bellini are dyspnoea, defective sight, dilated

pupils, and stupor. These symptoms, as will be seen later, compare

fairly well with those of poisoning by the lupine alkaloids.

Isolated cases of poisonmg by lupines were noted as early as 1860,

but it was in 1872 and the following years that heavy losses of sheep

occurred in northern Germany. While there is evidence that some
animals are poisoned by the alkaloids, most of the cases, and prac-

tically all of the losses, have been from the use of lupine hay and are

caused, as will be seen later, by ictrogen. The occasional poisoning

of cattle and horses reported in Europe appears to have been from

the use of the seed and is alkaloidal poisoning. Sheep are also

poisoned in this way, but the great losses which have stimulated the

extensive investigation of the subject have been by ictrogenic poison-

ing of sheep.
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In America the first published report of losses of sheep is by
Chesnut (1899, p. 404-405), and this report mth the papers of

Wilcox (1899), Chesnut and Wilcox (1901, p. 100-110), and Slade

(1903), comprise aU that has been pubhshed up to the present time.

Other authors have mentioned the subject, but their material is

aU taken from the reports of Wilcox, and Chesnut and Wilcox.

The first general account of lupine poisoning iii America is by
Wilcox (1899). A much more extended account is given by
Chesnut and WUcox (1901, p. 100-110), with details of cases and

symptoms. Wilcox notes that mature plants are the more poison-

ous, and Chesnut and Wilcox definitely state that the toxic principle

is mainly in the pods and seeds and that lupine hay should be cut

after the seeds are shed. Both Wilcox, and Chesnut and Wilcox

apparently consider the poisoning of sheep in America as similar to

the disease called "lupinosis" in Germany, although Chesnut and

Wilcox (1901, p. 109) state that the ''chronic form of the disease''

has not been recognized in America. Sollmann, in an unpublished

report of a laboratory study of American lupines, a report made
under the direction of the Bureau of Plant Industry, which will be

discussed more fully later, states that he failed to find evidence of

the presence of ictrogen and gives details of the symptoms produced

by the alkaloidal substances extracted by him. His work was not

connected with field investigations, but the results, viewed in the

light of present knowledge, clearly indicate the probability that the

field cases of poisoning by lupine in America are not cases of

''lupinosis" in the sense in which the term is used in Europe, but are

the result of alkaloidal poisoning. The field investigations reported

in this paper estabhsh without a doubt the fact that, so far as ob-

served, all cases of poisoning of range sheep by lupines must be con-

sidered as due to the alkaloids and not to ictrogen. These field

investigations are in entire harmony with the preliminary laboratory

stddy by Dr. Sollmann, although carried on in an independent way
without reference to the preceding results obtained in the laboratory.

ANIMALS POISONED BY LUPINES.

While the losses of domestic animals have been mainly of sheep,

other animals also are poisoned—horses, cattle, goats, swine, and
fallow deer—and laboratory experiments on small animals indicate

that none are immune to the effects of the toxic substances.

Wilcox (1899) states that in Montana a few horses have been

poisoned, and Cliesnut and Wilcox (1901 p. 100-110) give specific

instances. Poisoning of horses on the range or in pastures is not

common, but is known to occur. Dammann (1902) states that

cattle are affected by the alkaloid, and cases of the poisoning of

cattle on the range have been n'ported in America, although the

cases are not very wcU authenticated.
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LOSSES FROM LUPINES.

The losses from "lupinosis" in Europe have m some years been

very great. In 1880, m Pomerania the loss of sheep was 5.89 per

cent (Cornevin, 1893, p. 316). It is stated that in some herds in

northern Germany the loss was as great as one-half to three-fourths

of the total number.

The known losses m America are very heavy. Chesnut and
Wilcox (1901, p. 106) tell of one case, among others, in which out

of 2,000 sheep trailed over a region covered with a large quantity of

lupine 1,000 were sick and 700 died. In another case 1,150 died out

of 2,500 (p. 104) . Losses of several hundred are not at all uncommon,
and occasionally the deaths may be nearly 50 per cent of the whole

number. More complete knowledge of the losses has been obtained

in Montana than in any other State, because Montana has been under

close observation for many years, and it is very possible that this

State suffers more than others, but more or less similar conditions

are found in other western States in which the moimtain regions are

used for sheep grazing. It is probable that the lupines rank as a

close second to Zygadenus in causing losses of sheep.

DISTRIBUTION OF LUPINES.

While lupines are found in the eastern United States rather spar-

ingly, and are there represented by only three species, in the Western

States there is a large number of species, and these frequently grow

in large masses, so that sometimes they are cut for hay. They form

an important factor in the number of forage plants. Horses seem

to be especially fond of them and will sometimes eat the green plants

with great greediness.

Of the species of lupines in America, only a few have been used

in this investigation. One of these, Lupinus sericeus, is illustrated in

figure 1 . A thorough systematic study of the genus is in progress

by the Bureau of Plant Industry, and further work is being prose-

cuted for future publication, dealing with the characteristics of the

different species from the standpoint of chemistry and pharmacology,

as well as from the standpoint of field experimentation.

COMMON NAMES OF LUPINES.

The lupines are known under a large number of common names.

Among these are sundial, old-maid's bonnets, Quaker's bonnets,

Indian beans, wild beans, blue pea, and blue bean. In some sections

the name loco is used, but this is generally by those who do not

know the true locoes.
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ALKALOIDS OF LUPINES.

No investigations of the alkaloids of American lupines have been

published, but the European lupines have been the subject of ex-

Fio. 1.—Lupino (Lupinus sericeus).

tended study, and tlio literature, especially of the chemistry of the

alkaloids, is very large.

Cassola (18.'>4J attempted to isolate the alkaloid oi Lujrlnus allms,

but probably did m^t obtain the pure alkaloid. Landerer (1852)
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obtained a substance that showed a beghining of crystallization,

which he called lupinin. Beyer (1871), found an alkaloid in lupme
from a study of Lwpinus luteus. Baumert issued a series of papers

from 1881 to 1889. Baumert (1886) summarizes the knowledge to

date and announces definitely the presence of two alkaloids in Lwpinus

luteus, lupinin (C21H40N2O2), and lupinidin (CgHijN). Schmidt (1897),

Davis (1897), Callsen (1899), Schmidt (1904), and Bergh (1904)

summarize and bring the subject to date with extensive additions

to the detailed chemistry of the alkaloids. Schmidt (1897) states

the alkaloids as lupinin (C21H40N2O2), lupinin (CgH^sN), "dextro-

rotatory-lupanin " (CigH24N20), and inactive lupanin (C30H48N4O2).

These are found m the lupines examined, as follows:

Lupinus angustifolius dextrorotatory-lupanin

.

Lupinus albus
rdextrorotatory-lupanin.

imactive lupanin.

Lupinus luteus I
P.

. ;

Uupinidin.

- Lupinus niger
'

(I^P!^^;
Uupinidm.

Lupinus perennis dextrorotatory-lupanin.

Lupinidin is identical with spartein CigHaeNj (Muenk, 1914, p. 394).

Callsen (1899) gives an extended account of the chemistry of the

alkaloids of Lupinus angustifoUus and L. perennis. Willstatter and
Fourneau (1902) give experimental evidence that the formula of

lupinin is CigHigON. Schmidt (1904) and Bergh (1904) in extended

papers discuss further the alkaloids and state that another alkaloid

is found in Lupinus perennis, oxylupanin (C15H24N2O2).

Liebscher (1880), Lowenthal (1888), and Eaimondi (1891) give

details of the pharmacology of the lupine alkaloids. The action of

all is practically the same but differs quantitatively. Liebscher

states that lupinidin is 10 times as active as lupinin. There is a

direct paralysis of the medulla and cord, the respiratory center being

first paralyzed, and then the vasomotor. This is accompanied by
weakening of the heart. There is a fall in blood pressure, a slowing

of the pulse, and dilation of the pupils. Death is produced by
asphyxia, with which are associated convulsions.

There is no curare action. The dose required to produce any

symptoms is ordinarily fatal. The alkaloids are less poisonous for

mammals than for cold-blooded animals. Small repeated doses pro-

duce no effect, nor do they establish a condition of tolerance.

ICTROGEN.

Early in the investigation of the poisoning of domestic animals in

northern Europe by lupines, causing the disease which came to be

known as "lupinosis," it was observed that these were not cases of

poisoning by the recognized alkaloids of the lupines. Lupinosis has
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a definite line of symptoms distinctly different from those produced by
the alkaloids, especially characteristic being a hepatitis, which pro-

duces a jaundice exhibited in the conjunctiva and visible mucous
membranes of the hving animal. Ktihn (1880), Roloff, (1883),

Arnold and Lemke (1881), as well as others, found that the intoxica-

tion known as lupinosis could not be produced by alcoholic extracts,

but was produced by the marc of the seeds; if the poisoning were
alkaloidal, the reverse would be the case. Dammann (1902, p. 343)

states that the plant often becomes niore toxic on keeping. More-

over, while the alkaloids are always present the ingredient producing

lupinosis is inconstant. The plants raised on some fields always

produce poisoning, while on others they are harmless (Raimondi,

1891). It was found (Dammann, 1902, p. 342) that the substance

producing the disease is insoluble in alcohol, ether, glycerine, and fatty

oils, and is soluble with difiiculty in water. It is not readily destroyed

by dry heat, but steam under pressure makes it harmless. This

hypothetical substance was called ictrogen by Kiihn (1880) and
lupinotoxin by Arnold and Schneidemtihl (1883). It has only been

recognized by its physiological action.

Ictrogen is not considered to be a product of the metabohsm of the

lupine, but to be the result of the growth of microorganisms upon the

plants. This explanation is not based, however, upon any experi-

mental evidence, but is reached by a process of eUmination of other

possible theories. This is the theory advanced by Dammann (1902,

p. 341-343). Other theories of the cause of lupinosis have been

advanced. For example, Ziirn (1879) propounded a theory that the

disease is produced by microorganisms in or on the lupine leaves ; in

other words, that lupines do not cause the disease, but simply serve

as a carrier. This theory has not been taken very seriously by others,

while the theory that the disease is produced by ictrogen and that this

substance is produced through the action of some unknown micro-

organisms upon the lupines is quite generally accepted as the most
probable explanation.

PART II.~EXPERIMENTAL WORK.
PHARMACOLOGICAL INVESTIGATION BY SOLLMANN.

SCOPE OF THE WORK.

A series of experiments upon Montana lupines, identified as

Lupinus fserlceufi, L. leucophyllus , and L. cyaneus, was conducted by
Dr. Torald Sollmann, under th(5 general direction of V. K. Chesnut,

then in charge of the work on poisonous plants in the United States

Department of Agriculture, and following is a report of the results.

Eighteen animals, rabbits and guinea pigs, wore fed upon pods

and seeds with no results, none of them eating enough to produce

toxic effects.
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Extractions were made of the seeds and pods, and impure alkaloids

were obtained. The experience in this work leads to the suggestion

of the following method of extraction:

Moisten the powdered drug with alcohol containing 1 per cent of HCl; pack in

percolator; macerate with alcohol; percolate with alcohol until the percolate gives

only small turbidity with Mayer's reagent. Mix the percolate with sand and evaporate

the alcohol. Treat the residue repeatedly with warm water, until it gives off only a

slight reaction with Mayer's reagent. To the united filtrate add Mayer's reagent to

complete precipitation. Wash the precipitate, suspend it in a little water, and decom-

pose with HgS; filter.

Evaporate the filtrate to a small volume, add an excess of Ca(0H)2, filter, exhaust

the precipitate and filtrate separately with ether, as quickly as possible, neglecting

the last traces. Evaporate the ether. Treat the residue with absolute alcohol acidu-

lated with H2SO4. Let stand 24 hours. The precipitate will contain the lupinidin,

the fUtrate the other lupine alkaloids. These will require further purification.

CHARACTERS OF THE ALKALGHJS.

PTiysicdl characters.—The physical effects of the aklaloids make it

likely that they are similar to those occurring in the European
species. Several of these characters were observed in the course of

the isolation of the alkaloids.

The (impure) alkaloids were obtained as brown oily liquids of a

strongly alkaline reaction and a strongly bitter taste. They were

easily soluble in water and in alkalies. They were slightly soluble

in petroleum ether. No crystals were obtained. During their sepa-

ration a strong odor resembling conin, characteristic of lupinidin,

was perceptible, especially when strong soda was added. The
isolated alkaloids were almost odorless, but again developed the odor

very strongly when 10 per cent soda was added.

Chemical characters.—-Strongly heated, they boiled and evolved

dense, white fumes. Strong sulphuric acid, cold or heated, alone or

with formaldehyde or bichromate, gave only browning. Strong

nitric acid also gave no characteristic reactions.

Precipitation reactions.—The alcoholic solution gave partial pre-

cipitation with sulphuric acid. The dilute neutral aqueous solutions

of the chlorid or sulphate behaved as follows:

NaOH (1 per cent): Slight precipitate.

NaOH (strong): Precipitate, partly soluble n excess of the soda.

(NH4)0H: No precipitate.

Na2C03: No precipitate.

Mercuric chlorid: Amorphous precipitate, easily soluble in excess of HCl. The
precipitate was incomplete, giving further precipitate with Mayer's reagent, and also

the lupinidin test with alcoholic sulphuric acid.

Picric acid: Fair amorphous precipitate.

Tannin: Precipitate, soluble in excess.

lodin in KI : Good amorphous precipitate.

Pot. ferrocyanid; No precipitate.

Pot. bichromate: No precipitate.
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Nature of the alkaloids.—The alkaloids were not obtained sufficiently

pure to make definite characterizations possible. Their close agree-

ment with those obtained from the Eiiropean species in physiological

action and fatal dose make it very probable that they are closely

related, if not identical. Lupinidin was fairly well identified by the

conin odor, by the insolubiUty of the double chlorid formed with mer-
cury, and by the insolubility of the acid sulphate in absolute alcohol.

The precipitation by these reagents was not complete, so that there

must be other alkaloids present, presumably lupinin and lupanin.

This portion of the work needs further elaboration.

The yield of crude alkaloids in the extraction was as follows:

Specimen IV: Lupinus sericeus, parasitized pods, 0.02 per cent from alkaline ex-

tract; 0.133 per cent from watery extract.

Specimen V: Lupinus eyanev^, seed, 2.462 per cent.

Gerhard foimd from 0.5 to 1.2 per cent in the European lupines.

TOXICITY OF THE EXTRACTS.

The various extracts, prepared as described, were administered to

rabbits and guinea pigs, by mouth, stomach tube, and hypodermi-

cally. The symptoms were practically identical, and will be described

later. It was found

:

(a) That the toxic principles must be alkaloidal rather than ictrogenic.

(6) That the fatal dose of the drug (as extracts) to rabbits by stomach, in the case of

the seeds of Lupinus sericeus and L. leucophyllus , was between 30 and 50 grams per

kilogram, with the seeds of L. cyaneus between 70 and 100 grams per kilogram, and

with empty pods of L. sericeus and L. cyaneus over 100 grams per kilogram.

(c) That the fatal dose of the crude alkaloids (in the purest form in which they were

used, from Specimen V) lies, for rabbits, gastric administration, between 1.2 and 2.4

grams per kilogram; for rabbits, hypodermic administration, between 0.123 and 0.246

grams per kilogram (agrees with Lowenthal's (1888) figures for lupinidin and lupanin,

viz, 0.2 and 0.4); for guinea pigs, hypodermic administration, between 0.052 and 0.1

gram per kilogram.

(d) That the alkaloids are five to ten times as toxic for rabbits when given hypo-

dermically as when given by the stomach tube.

(c) That guinea pigs are about twice as susceptible to the poison, when given hypo-

dermically, as rabbits are.

(J) That repeated administration of the poison to animals did not increase their

susceptibility, aa is shown by the fact that rather prolonged feeding was not fatal,

and that no tolerance is produced in this manner, as is shown by rabbits 77 and 78. A.

The animals in either case, after having been injected repeatedly, died from the laet

do.^e, although these doses were not very greatly above the fatal limit.

SYMPTOMS OF LUPINE POISONING.

It will be usciful to describe the typical course, which occurs with

only minor variations when any of the extracts are administered.

The symptoms set in with a gc.iuiral depression. The animal is

very quiet, sits flat with ears laid back; the respiration is rapid,

labored, and irregular. The temp(!raturo is not altenul in a constant

manner. After a time it is noted that the animal, while a])athctic

52191°—Bull. 405—16 2
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if left alone, is quite excitable when disturbed. The reflexes are

heightened. The movements are brusque and exaggerated. The
depression gradually deepens; the animal partly loses control of its

hind legs, so that these tend to drag. Often the animal lies on its

belly, the head on the floor and legs spread out. It is still able to

walk. It soon loses this ability and sits or lies still. When disturbed,

it reacts with shivering, and becomes more and more convulsive.

Stimulation now produces more or less violent spasms, the first spasm
being strongly tetanic. The animal may assume the strychnin posi-

tion, with legs stretched out, and back arched in; or it may rise on

its feet, the back arched upward. The spasm soon becomes clonic

and incoordinated, the animal pawing the air in an aimless manner.

This is foUowed by relaxation, and the animal remains quiet unless

disturbed, which disturbance would cause another spasm. After a

time the convulsions occur spontaneously. In milder cases there

may be no general convulsions, but twitching of isolated muscles

—

of the face, ears, neck, back, and extremities. The head may swing

in a rhythmical pendulum movement. The respiration during this

convulsive paralytic condition is slow, shallow, and irregular. The
pupils are variable, but need not be dilated (which speaks against

the view that they are asphyxial; the mucous membranes are also a

bright pink). Many animals urinate copiously. The animals may
remain on the abdomen or recover a sitting posture for some time

after the onset of the convulsions, but after a time they fall on the

side. The respiration becomes gasping. Asphyxial convulsions set

n, and the respiration stops from haK a minute to 1 minute before

the heart.

The depressant and convulsive symptoms agree with those de-

scribed by Lowenthal (1888), Gemma (1882), and Raimondi (1891)

for European lupine alkaloids.

It is not possible to make any general statement as to the time

required for the development of the different symptoms, since this

is extremely variable. It is remarkable, however, that a consider-

able time may elapse before any pronounced symptoms appear,

and this even when the solutions are administered under the skin.

It is to be noted that doses which are little below fatal produce only

very shght symptoms.
Recovery may occur from any stage and is usually so complete

that the animal gains on its original weight. The intoxication leaves

no post-mortem lesions, gross or microscopical.

OPERATIVE EXPERIMENTS WITH LUPINE ALKALOIDS.

The effects on blood pressure, respiration, etc., were studied on

five dogs, angesthetized with morphin and ether, and arranged for

tracings. The alkaloidal extract of Specimen V (seeds of Lwpinus
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cyaneus) was injected into the femoral vein, in progressively increas-

ing doses. The dose is calculated as grams of drug (not of alkaloid)

per kilogram of body weight. Arranged by doses, the effects were

briefly as follows

:

SMALL DOSES OF 0.1 TO 0.4 GRAM PER KG.

Respiration : First quicker and deeper; then somewliat slowed; irregular, and shallow.

Carotid blood pressiLre: Rise, fall, rise, normal.

Heart: Rate somewhat quickened; strength somewhat diminished.

TOXIC DOSES OF 0.5 TO 0.75 GRAM PER KG.

Respiration: First quickened and deeper; then somewhat slowed, irregular, and

shallow; may stop.

Carotid blood pressure: Rise, then great fall; effect of sciatic stimulation lessened.

Heart: Rate first slowed, then quickened; when vagi were cut, slowed; strength,

weakened.
VERY LARGE DOSES OP 0.9 TO 6.25 GRAMS PER KG.

Respu-ation: For a few moments deeper; then very shallow and stops.

Carotid blood pressure: First slight rise, then great fall.

Heart: Rate first slowed, then quickened, then stopped; strength weakened.

Convulsions may occur from 1 gram up.

DISCUSSION OF EFFECTS.

Respiration.—The respiration shows a short stimulation (increase

of rate and depth), followed by depression (slowed, irregular, shal-

low) ; with the larger doses it stops before the heart. The action is

probably on the centers, for it occurs after section of the vagi, and

when stoppage has occurred it can not be revived by asphyxia, slap-

ping, or stimulation of the sciatic, or injection of saline. No recovery

occurs from even a just fatal dose after an hour of artificial respiration.

The respiratory center is the first vital center to give out completely.

Blood pressure.—This shows a short, moderate rise, followed by a

more lasting fall, which is quite marked with the larger doses, even

those which are not fatal. Although the changes often coincide with

respiratory changes, the two are not interdependent, for they may
occur independently, and blood pressure changes occur even during

artificial respiration and are not influenced by the latter. Whether the

changes were central or peripheral was not investigated directly ; but,

from the fact that when vasomotor paralysis exists stimulation of the

sciatic is sometimes effective and sometimes ineffective when asphyxia

is effective, it is rendered very probable that the action is central.

The vasomotor paralysis may pre(;ede, coincide, or follow that of

respiration. It may be partial or so nearly complete that the pressure

sinks to some 20 millimeters with a good heart action.

TJie heart rate.—With toxic doses there is first slowing, then quick-

ening; witli minimal and maximal doses, there is usually quickcnmg

only. Tlio slowing and secondary quickening occur equally well

when the vagi an; dividcid; they are tluiHifore at l<>ast partly periph-

eral. They are not always accompanied by changes in the strength



12 BULLETIISr 405^ U. S. DEPARTMENT OF AGRICULTURE.

of the heart, hence they are probably not muscular. Further, when
the heart is quickened by large doses, electric stimulation of the

vagus has but little effect. The drug may therefore be said first to

stimulate and then depress the vagus end mechanism. It may have

a similar action on the vagus center.

Strength of the heart.—This is affected only by rather large doses,

but it is then always depressed. Experiment 87 shows that the hfe

may be kept up with a complete vasomotor paralysis, if the heart

beats well. This tends to show that the stoppage of the heart, which

forms the final cause of death, must be due to paralysis of its muscles.

This is confirmed by the fact that it can not be revived by injection

of normal sahne.

Convulsions.—Convulsions were observed in but two of the five

cases. This may be due to the anaesthetic or to the difficulty of

securing proper dosage. When observed, however, they preceded

respiratory distress and were not connected with any change in

blood pressure, so that it seems that they are produced by a direct

central action.

Slceletal muscle.—The existence of convulsions in the last stages, as

well as the result of stimulation of peripheral and of the sciatic, show

that muscle and nerve are not paralyzed.

Cause of death.—The following vital functions are eventually

paralyzed by the lupine: Kespiratory center; vasomotor center;

cardiac muscle; the last named being the last to become paralyzed

and being the final cause of death.

SUMMARY.

The results of the investigations are in many respects incomplete

and emphasize the need of a more exhaustive chemical and pharma-

cological study of the American lupines. They have shown, how-
ever, that these lupines contain alkaloids which are toxic or fatal if a

sufficient quantity of the plant is consumed, but which are harmless

if the consumption is below a certain limit. Up to this point the

lupines may be a useful food if due precautions are observed that the

limits are not surpassed. These alkaloids could also be largely

removed by leaching with water. The ictrogen, which is especially

feared in Europe, was not found in any of the American samples. It

would be of great importance to determine whether this ictrogen is

uniformly absent, for if it is not, much more stringent precautions

would be necessary.
CONCLUSIONS.

1. Feeding with the lupines does not produce any symptoms in

rabbits and guinea pigs, as a sufficient quantity is not taken in this

iTianner.

2. The injection of extracts, by stomach or skin, is fatal if suffi-

ciently large doses are used.
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3. No ictrogen was found in any of the six specimens.

4. The toxic constituents are alkaloidal and seem to agree with

those of the European species.

5. These alkaloids produce a stimulation and then a paralysis of the

following structures: The respiratory and vasomotor centers, some
convulsive centers, the vagus end mechanism, and perhaps the

vagus center. Large doses given intravenously paralyze the heart

muscle. The convulsions do not appear to be purely asphyxial.

6. Pronounced symptoms are seen only when almost fatal doses

are given; smaller amounts do not produce any conspicuous effects.

When death does not occur acutely, there are no late effects. Re-

peated administration has no influence on the action.

7. The cause of death is paralysis of respiration. Death occurs,

with hypodermic administration, in 12 minutes to 2| hours; when
given by stomach, in 10 minutes to 3 J hours. The symptoms set in

only shortly before death.

8. The fatal doses for rabbits by the stomach, figured for the

original drugs, are as follows: For the seed of Lwpinus sericeus and
L. leiicophyllus, between 30 and 50 grams per kg. ; for the seed of L.

cyaneus, between 70 and 100 grams per kg.; for the hulls of L. cya-

neus, and L. sericeus, over 100 grams per kg.

9. The fatal dose of the crude alkaloid for rabbits, gastric admin-

istration, lies between 1.2 and 2.4 grams per kg.; for rabbits, hypo-

dermic administration, between 0.123 and 0.246 gram per kg.; for

guinea pigs, hypodermic administration, between 0.062 and 0.1 gram
per kg.; for dogs, intravenous administration, about 0.012 gram
per kg.

10. The fatal dose for rabbits is between 5 and 10 times as large

when the alkaloids are given by the stomach as when given intrave-

nously. Guinea pigs are more susceptible to the alkaloids than

rabbits when the solutions are administered hypodermically.

11. In the treatment of the poisoning, artificial respiration was
found useless. Good results were obtained with potassium perman-
ganate, diuretin, and tea.

FIELD EXPERIMENTS WITH LUPINES.

Field experiments with domestic animals have been carried on for

six years—in 1909, 1910, and 1911 at Mount Carbon, Colo., and in

1912, 1913, and 1914 at Greycliff, Mont. Two species, Lwpinus

comatus and L. rayrlantJtus, were used at the Mount Carbon station.

At Greycliff most of the work was done with two local species, L.

leucopsis and L. argenteus, but two feedings were made with L.

leucophyUus collected in Idaho in tlui Caribou National Forest. Not
only wore different species used, but fernlings were made of difToront

parts of 1h(5 plants and also with the plants at different stages of

growth.
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Inasmucli as nearly all the recorded losses are of sheep, niost of

the work was done with these animals, there being, all told, 141

experimental cases. Two head of cattle were fed, and there were

10 experiments with horses. Table 1 contains a summarized state-

ment of the field experimental work.

EXPERIMENTS WITH CATTLE.

Two head of cattle, Nos. 108 and 620, were fed with lupine, but in

neither case was there any result. This should not be interpreted,

however, as proving that cattle can not be poisoned by lupine;

accounts have reached the Department of Agriculture of the poisoning

of cattle in the field under circumstances which make it seem very

probable that lupine was the cause. However, it does not seem
probable that the lupines cause any serious loss of cattle.

EXPERIMENTS WITH HORSES.

There were 10 experiments of feeding lupine to horses, 8 with Lu-

pinus myrianthus and 2 with L. comatus. Horse No. 72, between

September 22 and 26, 1909, ate, per 1,000 pounds of its weight, 77.2

pounds of lupine, including leaves, stems, flowers, and fruit. The
animal died, the marked symptoms being general depression and
dullness, abdominal pain, twitching of the surface muscles, and high

stepping as he walked about. The animal was very much consti-

pated and in the autopsy there was clear evidence of intestinal im-

paction. At the time, because of the negative results obtained, it was
thought probable that the intestmal impaction was the cause of

death, but a review of the case, after more complete knowledge of

lupine poisoning, made it appear quite certain that this horse was a

victim of lupine intoxication.

The two feeding experiments with horse No. 124 were negative.

With horse No. 78 there were five feeding experiments with Lwpinus
myrianthus—two in 1909, two in 1910, and one in 1911. In 1911

there were also two experiments with this horse of feeding L.

comatus. In four of the experiments with horse No. 78 there were

distinct symptoms of illness, consisting of contractions of the surface

muscles, intestinal disturbance, indicated m the main by constipa-

tion but showmg diarrhea in one case, dullness and depression, with a

tendency to lift the fore feet unusually high when stepping about.

The experiments with horses were sufficient to establish the fact

that these animals may be poisoned by the lupines. No deductions,

however, can be drawn as to the toxic dose, since the periods during

which the feedings were continued were extremely variable. To estab-

lish definitely the dosage for horses would require a large number of

carefully conducted experiments comparable with those on sheep, and
for such experiments there has been as yet no opportunity.
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EXPERIMENTS WITH SHEEP.

In the experimental work with sheep the attempt was made to

have the animals, if possible, eat the plant. In experiments with

seeds it was found that the extremely bitter taste led the sheep to

avoid them, but when they were ground up and mixed with bran

the material was eaten quite readily. When it was found difficult, in

the case of corral animals, to get them to eat enough to produce

any effect, drenchmg and forced feeding were used. In drenching,

the sheep was placed on its haunches and the drench, which con-

sisted of the plant material finely ground and suspended in water, was
given by a bottle. For the forced feeding the material was ground

and given by means of a veterinarian's balling gun. The plant mate-

rial fed in this manner was placed a little at a time in the back part of

the sheep's mouth. As soon as this was swallowed liiore was given,

and the process contmued until the desired quantity had been given

to the animal.
TYPICAL CASE OF SHEEP NO. 184.

Sheep No. 184, a 2-year-old ewe weighing 62.5 pornids, was taken

into the corrals on August 16, 1913, for feeding. On August 17, at

8.45 p. m., she was given 200 grams of unground seed of Lupinus

leucopsis, mixed with oats, corn, and wheat, which was equivalent to

0.705 poimd per 100 pounds of animal. During the day this was all

eaten.

On August 18, at 6.55 a. m., the sheep was found lying partly on

one side with her head on the ground, as though in sleep, and trem-

bhng in the forelegs. When stimulated she attempted to get up,

but was unable to raise her body from the ground. Through the

struggle the respiration became more marked and heavy, the animal

breathing much as though in a deep sleep. After the struggle the

pulse was 174 and fairly strong. At 7.10 a. m. the respiration was 36

and the temperature 101° F. Plate I, figure 1, shows the condition

of the animal as she appeared at 7,15 a. m. At 8 a. m, she lay with

her head extended on the ground, in much the same position as at

7.15. She raised her head for a few moments, then slowly dropped it

with eyes haK closed, as if in sleep. At 8.05 a. m. she held her head

up, and apparently made an effort to walk. Her respiration was 36

per minute, noisy, and deep. Her sides trembled as she breathed.

The pulse was 122. At 8.50 a. m. she got upon her feet and stood sev-

eral minutes, then leaned against the fence and sank down again. At
8.55 a. m. she stood with hcsr legs bent at the knees as though in an

effort to balanrx) herself. Her respiration was 36 and of the same
character as before. There was some frothing at the mouth. Her
oars hung low. Plato I, figure 2, shows the attitude of the animal at

8.57. At 10.30 a. m. she lay breathing as before and tr(un})litig.

Her temperature was 103.3° F. At 10.35 a. m. she was raised upon
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her feet and then tried to walk, but was unable to stand, and lay down
again. At 10.47 a. m. she was unable to get her breath and went into

a spasm, in which her legs straightened out very much as though she

had been poisoned by strychnin. At 10.48^ a. m. she was breathing

again more naturally. She lay upon her side, trembhng violently,

with her hind legs extended rigidly. At 10.50 a. m. she was quiet

again. At this time she appeared to be a httle bloated. At 10.52

a. m. the muscles were rigidly contracted again, and the trembling

became inore violent; this was followed by a spasm, in which she had
great diflB.culty in getting her breath. At 10.55 a. m. she quieted

down again, and her respiration became more regular and deep. At
10.56 a. m. another spasm came on. At 10.58 a. m. she was quiet

again, with pulse 174, strong, and regular. At 11 a. m. another spasm
came on, but the animal soon became quiet. At 11.08 a, m. the head

was thrown back, the heart fluttered, respiration stopped, and at

11.10 a. m. the animal was dead. For several minutes before death

the heart actidn was weak, and just before death she was unable to

get her breath. The muscles gradually relaxed, the head was drawn
back, and the heart stopped.

An autopsy was made upon the animal immediately, but very little

abnormal was found. The heart stopped in systole, and the brain

and spinal cord were congested. Other than this the animal appeared

to be normal.
TYPICAL CASE OF SHEEP NO. 201.

Sheep No. 201, a ewe weighing 71 pounds, was brought into the

corrals for feeding on August 16, 1913. On August 17, at 9 a. m., she

was given 100 grams of ripe dry lupine seeds of Lupinus leucopsis, the

seed having been ground in a coffee mill and mixed with 100 grams

of bran. At 9.30 a. m. this material had been eaten, and she was
given 100 grams more of the ground lupine seed, mixed with bran as

before. At 12.20 p. m. most of this material had been eaten. Her
respiration was loud and deep, as in a sleeping animal. It was esti-

mated that the animal had eaten altogether 175 grams of lupine seed,

which would be the equivalent of 0.542 pound per 100 pounds of

animal.

On August 18, at 7 a. m., the animal appeared drowsy and sleepy.

At 7.15 a. m. she walked about a little, throwing the forelegs out

and dropping them as though lacking control. She staggered a

Httle as she walked and appeared more sleepy than an hour earlier.

There were some contractions of the surface muscles of the body.

Plate II, figure 1, shows the condition of the animal at this time. At
8.15 a. m. she was still upon her feet and able to walk aroimd, but

walked as though tipsy. When standing she appeared sleepy, the

ears drooped, and the eyes were half closed. She stood with her legs

bent at the knees and hocks. At 9.12 a. m. she still stood with the
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same sleepy look and hanging ears, and occasionally walked about in

an imeasy way. There was some lack of coordination of the muscles

of the forelegs. Plate II, figure 2, shows tlie condition of the animal

at that time, and Plate II, figure 3, shows the animal about 9.30 a. m.

At 11.10 a. m. the condition was about the same as at 9.12. At 11.55

a. m. the animal was found upon her knees ; she got up with difficulty,

but was barely able to stand upon lier feet. She had been gradually

growuig easier, and at 12.10 p. m. was down with her head upon the

gromid, apparently in a sleep. At tliis time she was given 5 grams

of tannic acid in water, and 5 minutes later 10 c.c. of gin was given

in an ounce of water. At 12.20 p. m. she was found down in a corner

of the corral with her head under her body. She was helped up, but

fell down again on her side in a convulsive spasm. At 12.25 p. m.
she lay quiet; her respiration was 32, deep and labored, and her pulse

98, strong and regular. At 12.30 p. m. an attempt was made to get

her upon her beUy, but she rolled over on the other side. This was
repeated several times. After several attempts she lay upon her

belly with her nose extended on the ground. At 12.38 p. m. she

tried to get upon her feet, but was unable to do so and went over

on her side. Her legs straightened out, her head was thrown back

in a strychninlike spasm, respiration stopped, the eyes rolled back,

and at 12.41 p. m. the animal was dead.

At the autopsy a few petechise were found on the walls of the

ventricles of the heart. The vessels of the small intestines were

injected, and the brain was slightly congested. Nothing else abnor-

mal was noticed.
TYPICAL CASE OP SHEEP NO. 253.

Sheep No. 253, a ewe weighing 62.5 pounds, was kept in the corrals

August 5, 1914, for feeding.

On August 6, at 9.20 a. m., her temperature was 102° F., her pulse

60, and her respiration 16. From 9.30 a. m. to 10.05 a. m. she was

fed with the balhng gun 195.31 grams of seed pods of Lupinus
leucoysis. The pods were collected July 16, before the seeds had
ripened, and allowed to dry. In the process of drying the seeds were

expelled. The pods were ground and 4 ounces of water was added to

facilitate the feeding. This was fed in the ratio of 31 2 grams of pods

to 100 pounds of animal. Allowing for the loss of weight in the pods

due to drying, tliis animal received an equivalent of 2.755 pounds of

fresh pods per 100 pounds of animal weight. The sheep appeared

all right during the day and was watched until 1 1 p. m.

On August 7, at 6.50 a. m., her temperature v/as 100.6° F., hor

pulse was 96, and her respiration 21. The animal was found lying

down with her head through the fence Ixitwcnm the boards and swing-

ing it from side to side. Her eyes were staring and expressionless.

Tlie femoral pulse was almost imperceptible. There was no evidence
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of dyspnoea. At 6.35 a. m. she was still lying upon her belly, with

her head through the fence and swinging it from side to side. She

was taken up and put upon her feet and walked a little distance,

staggering as she walked. At 6.40 a. m. her pulse was 140, the heart

beating very hard. Her temperature was 100.6° F. and her respi-

ration 24. The animal was standing with her head lowered and

swinging from side to side. She staggered across the pen, hit her

head against the fence, and pushed forward, with her head partly

twisted and under her body. As she lay down her head kept swinging

from side to side. At 8 a. m. she was able to walk, but staggered as

she moved. Her head was still swinging, pendulum fashion, from

side to side. She pushed up against the side of the pen, preferably

in a corner, with her he{},d flexed toward the breast, so that at times

she almost stood upon her head.

Plate III, figures 1 and 2, taken at 7.55 a. m. and 8 a. m., respec-

tively, show the positions assumed. At 8.55 a. m. the sheep was

lying quietly at the front of the pen. Her respiration was 80. She

no longer swung her head from side to side and did not attempt to

push it against the side of the pen. At 9 a. m. her temperature was
102.6° F., her pulse 102, and her respiration 86. The pulse was
rather weak. There was some dyspncea. She lay on her belly with

her head to the left side and was quiet. At 9.15 a. m. she was up and

about the corral. She would butt against the fence, then fall,

extend the legs rigidly, and breathe rapidly. There was no rhythmic

motion of the head at this time. At 9.40 a. m. she lay panting, with

some frothing at the mouth. At 9.55 a. m. her pulse was 132, and

strong in the femoral artery. Her respiration was 200, panting; her

temperature was 103.2° F. She got her head into the corner of the

corral and shoved forward until she almost stood upon her head.

She struggled to push herself into this position, and as she was

standing upon boards during the struggle her feet would sometimes

slip and she woidd fall. After falhng she would get up and start the

butting process over again. At 10.35 a. m. she lay with her head

to one side, the respiration being very rapid. She was disturbed,

got up and started butting against the fence as before. This was kept

up for two or three minutes, then she went down and remained lying

with her head on one side. Plate IV, figure 1, shows her position at

10.40 a. m. At 10.55 a. m. the animal was up again and butting into

the corners as before. She was drenched with 30 c. c. of whisky and

an equal quantity of water. Her pulse was 132 and strong. At

11.55 a. m. she stood with her head low and part of the time on one

side. Plate IV, figure 2, shows her in this position. There was a

rapid chewing motion of the jaws; the motion was dorsiventral and

not lateral. She bumped her head into the fence as before and
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Fig. 1.—Sheep No. 184 at 7.15 a. m., August 18, 1913.

Fig. 2. -Sheep No. 184 at 8.57 a. m., August 18, 1913.
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FiQ. 1.—Sheep No. 201 at 7.15 a. m., August 18, 1913=

Fig. 2.—Sheep No. 201 at 9.12 a. m., August 18, 1913.

Fig. 3.—Sheep No. 201 at 9.30 a. m., August 18, 1913.
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FiQ. 1.—Sheep No. 253 at 7.55 a. m., August 7, 1914.

Fig. 2.-Sheep No. 253 at 8.00 a. m., August 7, 1914.
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FiQ. 1—Sheep No. 253 at 10.40 a. m., August 7 1914.

Fig. 2.-SHEEP No. 253 at 11.15 a, m., August 7, 1914.
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staggered when she attempted to walk. At 11.22 a. m. she stood

swaying from side to side. At 11.45 a. m. she was lying upon her

belly with her head on one side, her respiration being about 200. At
11.50 a. m. she was up on her feet and commenced to butt into the

fence again. She soon fell and lay panting. Her respiration was

160. At 11.57 a. m. she was lying upon one side and panting. At
12 noon she suddenly got upon her feet and started butting the

corners, but inmiediately fell over, holding her head on one side.

The chewing motions, as noted before, were marked. At 12.15 p. m.

she got upon her feet, tried to run but fell over; she picked herself

up, however, and started to butt into the corners. At 12.17 p. m.

she fell down and lay quietly. At 12.30 p. m. she was on her side

struggling in an attack of dyspnoea. At this time she was bled by
cutting the angular artery of the eye. At 12.35 p. m. her respiration

was 160. At 12.40 p. m. the movements of the jaws and lips still

continued. At 1.10 p. m. she was strugghng and the muscles of the

flanks were trembhng. Her pulse was so fast that it was impossible

to count it. Her temperature was 107.6° F. At 1.11 p. m. she had
fallen over on her side and was moving her body about. At 1 . 13 p. m.

her respiration was barely perceptible, and at 1.15 p. m. it stopped.

The movements of respiration and of the heart stopped at about the

same time.

In the autopsy petechia were found upon the auricles of the heart.

The lungs were congested. The walls of the ileum were injected, with

some ecchymoses. The mesenteric blood vessels were injected.

LABORATORY EXPERIMENTS WITH EXTRACTS OF LUPINE SEED UPON
MICE.

Preliminary experiments showed that mice are very susceptible to

poisoning by extracts of lupine seed injected intraperitoneally.

Accordingly, a few experiments were undertaken to determine by
this method the relative toxicity of extracts of various parts of the

lupine plant. Seeds, pods, and leaves of Lwpinus leucopsis collected

at GreycUff, Mont., in the summers of 1913 and 1914 were used for

these experiments. The following is a description of the method
used in preparing the extracts

:

Material wa.s taken from each part of the plant which it was desired to examine,

and all the samples were ground in the same mill set to the same degree of fineness.

They were all ground the same day and at approximately the same time. F'rom each

form of material a sample of 20 grams was taken, placed in a flask, and macerated

with 150 c. c. of Prolius's solution for 48 hours. The maceration of the different

samples examined was begun and ended at the same. time. Ninety c. c. of Prolius's

extract was then taken from each flask, filtered, and evaporated down spontaneously.

The re.sidue of each wa.s then extracted with 1 per cent of 1101, using 3 portions.

The solution wa-s filterf;d off, neiitralizc'd with NavOO;,, and made up to 10 c. c, so

that 1 c. c. of the solution was e'luivalent to 1.2 grams of the sample;.
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These extracts were made by Mr. O. F. Black, chemical biologist

in the Office of Drug-Plant and Poisonous-Plant Investigations, and

were used in intraperitoneal injections upon mice. Table 2 gives

the results.

Table 2.

—

Relative toxicity to mice of the various parts of-Lupinus leucopsis.

Animal.

Part of plant.
Extract
used.

Plant used.

Mouse. Weight. Weight.
Per 25

grams of
animal.

Result.

No 27

Grams.
24
26.5
23.5
14
26.5
20
19
15.5
19.8
19
24
19
22.5
21

Leaves
C.c.

1
_

. 75

. 5

.15

.5

.25

.15

.25

.3

.35

.2

.15

.2

.25

Grams.
1.2
.9
.6
.18
.6
.3
.18
.3
.36
.42
.24
.18
.24
.3

Grams.
1.25
.833
.64
.322
.565
. 375
.237
.482
.457
.552
.25
.237
.266
.357

No. 35

No. 44
No. 47

No. 36
No. 37- . ..

do
do
do

Pods (seed removed)..
do

Death in 9.5 minutes;
Death in 26 minutes.
Not sick.
Death in 4.5 minutes.

No 45 .do
No. 38
No. 43.

Pods (seed shed)
do

Very sick; recovery.

No 46 do.
No. 39
No. 40.

Seed (1914 collection)..
. ...do

Death in 12.5 minutes.
Sick; recover}-.
Not sick.

Death in 14 Tiinutes.
No. 41
No. 42

Seed (1913 collection)..

do

Table 2 shows that the amount necessary to kill a mouse on the

basis of the standard weight of 25 grams is approximately as follows:

Grams.

Le3,ves 0. 6 to 0. 64

Pods (seed removed) 3 to .35

Pods (seed shed) 5

Seeds, collection of 1913 3 to .35

Seeds, collection of 1914 25

Inasmuch as it is known from other experiments that the toxic and

lethal doses are practically the same, it is fair to assume that this

table gives, approximately, not only the lethal dose but also the

toxic dose. From Table 2 it appears that the seeds collected in

1914 were slightly more toxic than those collected in the preceding

year. Possibly a certain amount of the toxicity was lost in keeping.

It appears also that the pods from which the seed had been shed

were only about half as toxic as the seed. The pods from which the

seed had been removed were considerably more toxic than the pods

from which the seed had been shed, and the leaves were only about

one-half to one-third as toxic as the seed. These figures do not con-

form very closely to those obtained in the field experiments upon
sheep, but perhaps as closely as could be expected under the differ-

ent conditions of experimentation. An especially interesting feature

of this experiment was the definite proof obtained by Mr. Black by
analytical methods of the presence of the alkaloids in the leaves,

with the consequent deduction, confirmed by actual experiments,
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that the leaves are toxic. Inasmuch as the field experiments upon
sheep were inconclusive in regard to the toxicity of the leaves, this

is an important addition to the knowledge of the subject.

The field experiments gave little information as to the relative

toxicity of the different species of lupines. There was nothing to

indicate any difference in the toxic effect of those used in the feeding

experiments. Accordingly, a few experiments were made on mice with

extracts of the seed of the available species. Seeds of three x\meri-

can species were used, and through the kindness of Mr. Piper, of the

United States Department of Agriculture, seeds were obtained of the

three common European species, Lwpinus alhus, L. angustifolius, and

L. luteus. Extracts of these lupines were prepared by Mr. Black, using

exactly the same method as that employed in the preceding test of

the seeds of L. leucopsis. A series of tests was made on mice by
intraperitoneal injection of these extracts. Table 3 shows the re-

sults. In this table, for purposes of comparison, the experiments

with seeds in Table 1 are included.

Table 3.

—

Comparative toxicity to mice of the seed of different species cf lupines.

Plant.

Animal. Amount used.
Used per 25 grams

of animal.

Result.

Mouse. Weight. Extract. Plant. Extract. Plant.

Lupinus leucopsis:
No. 39.

No. 40-

No.41.
No. 42.

No. 49.

No. 49.

No. .50.

No. 51.

No. .52.

No. 53.

No. .54.

No. 56.

No. 57.

No. .58.

No. 59.

No.6fJ.

Grams.
24
19
22.5
21
18.5

C.c.
0.20
.15
.20
.25
.15
.5
.25
.5
.2
.25

.16

.26

.16

.25

.15

.75

Grams.
0.24
.18
.24
.3
.18
.6
.3
.6
.24
.3

.18

.3

.18

.3

.18

.09

C.c. Grams.
0.25
.237
.266
.357
.25
.8
.36
.65
.25
.3

.17

.335

.2075

.35

.168

.1185

Do Sick; recovery.
Not sick.1913 seed

Do
Lupinus luteus

Do
0.2
.7
.3
.54
.21
.26

.14

None.
Sick; recovery.
Symptoms.
Death in 3 minutes.
Death in 13 minutes.

Do 21
23
23.5
24

27

22.5
21.5

21.5
26.75
19

Lupinus albus
Do

Lupinus angusti-
folius.

Do

Death in 19 minutes.

Symptoms.

Dfinth in fil minutes

Lupinus leucophyl-
lus:

1913 seed
Do Symptoms.

Death in 4 minutes.
Lupinus argenteus:

1913 seed
Do. - . Death in 6 minutes.
Do Symptoms.

In regard to mouse No. 49, it should be stated that inasmuch as the

first injection of 0.15 c.c. of extract produced no results, a second in-

jection of 0.5 c.c. was given shortly afterward. From the known facts

in regard to lupine poisoning it is not to be presumed that there was
any appreciable accumulative effect from the preceding injection.

Table 3 shows very clearly that by this method of experimentation

Lujjinus alhus and L. angustifoUuf; appear to be about equally toxic.

L. luteus
J
however, is much less toxic, it being necessary to take prob-

ably three or four times the quantity in order to produce results. It
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may be noted in passing that L. luteus is the species which is said to

be responsible for the so-called ictrogenic poisoning which occurs in

northern Germany. In regard to the American species, L. leucopsis

and L. leucopTiyllus are about equally toxic and do not differ much
from L. albus and L. angustifolius. L. argenteus appears to be much
more toxic than the other American species examined.

It should be noted that in these experiments on mice the animals

died of respiratory paralysis, with marked dyspnoea, the heart some-

times continuing to beat as much as a minute after respiration had
ceased. The work with extracts is of a preliminary character, and

it is intended to prepare for future pubhcation an extended study of

the alkaloids and the effect of the extracts.

PART III.—DISCUSSION AND GENERAL CONCLUSIONS.

Failure to poison sheep in 1910, 1911, and 1912.

In the early work of the field experiments it was assumed that the

lupines were sufficiently toxic to poison animals in the course of ordi-

nary feeding. It was thought that if the animals were confined and

given httle or nothing of other food material and were abundantly

supphed with lupine, symptons would appear if the plants were toxic.

There was httle in American hterature to indicate the probable

dosage. Chesnut and Wilcox (1901, p. 108) state that 150 pods were

fed to each of two sheep and both were fatally poisoned. Accord-

ingly, in 1910 the sheep used were confined in corrals and were fed all

they would eat. One animal, sheep No. 102, between July 6 and 30,

ate 128 pounds of lupine tops, including leaves, flowers, and fruit, and
another, between August 25 and September 7, ate 55.5 pounds of

seed-containing pods, with no iU effects other than a loss of weight.

Sheep No. 105, which received the 55.5 pounds of pods and seeds, was
given on some days as much as 8 pounds.

The experience of 1911 was similar and with no more results.

Although a large number of experiments were made in 1912, in only

one case were there harmful results. This animal, sheep No. 180,

was fed 0.85 pound of lupine seeds on September 15, and the next

day it was found dead in the pasture. At that time, because of the

large number of negative experiments, it was thought that the death

of the animal must be due to some other cause than lupine poisoning.

The more complete knowledge of the effect of lupine, brought out in

the work of 1913 and 1914, makes it evident that this was a case of

lupine poisoning. AU the other cases of 1912 were negative.

In comparing the work of these years it will be noticed that in

1913 the feeding of seeds was done in a single day, and in most cases

the quantity fed was eaten in a short time. This was true of sheep

No. 180 in 1912, which ate the given quantity within an hour. In
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1914 the experiments were by forced feeding, so that the animal

received the total quantity in a short period of time; while in 1910

and 1911 some of the animals received large quantities, but the feed-

ing was distributed over a long period. Although in some cases as

much as 8 pounds was fed in a single day, this was eaten in a more
or less leisui'ely way.

In 1912 two sheep, Nos. 175 and 168, were drenched with the fruit,

No. 175 receiving 1.435 pounds and No. 168 4.198 pounds, and

showed no symptoms, although the 1914 experiments indicated that

the toxic dose of fruit is about 1^ pounds. Sheep No. 175, however,

received its lupine in three doses, between 10.30 a. m. and 3.30 p. m.;

it is possible that this animal might have been poisoned had it re-

ceived the material in a single dose, as the quantity given was close

to the toxic limit. But sheep No„ 168 received 4.198 poim.ds, be-

tween two and three times the toxic dose as determined in 1914;

this material was given in six doses, between 8 a. m. and 7 p. m. It

seems probable that the only reason this animal was not poisoned

was because of the length of time during which the material was
given.

It appears to be a fair inference that the excretory apparatus of

the sheep can take care of the toxic substance of the lupine provided

the quantity given at any one time does not reach the toxic limit.

It is hoped to carry on later detailed experiments to show just how
this is done—experiments for which adequate facihties have not been

available thus far. It is probable, however, that this excretory work

is done largely by the kidneys, since preliminary experiments with

other toxic substances upon sheep indicate that the kidneys are

very efficient in the removal of some toxic substances. It has also

been shown by others that the lupine alkaloids are found in the

urine. The failure to get results in the earUer experiments was due

to the fact that the sheep did not get at any time more than the

excretory apparatus could remove before the toxic limit was reached.

LUPINE NOT A CUMULATIVE POISON.

The lupines as poisonous plants do not have a cumulative effect.

This has an important bearing on range management of sheep, for

it is evident that sheep may graze continuously on lupines with no
bad results, provided the toxic limit is not reached at any one time.

Inasmuch as the toxic dose is a fairly large quantity, and sheep do

not ordinarily show any special fondness for the lupines, well-fed

animals arc not likely to be poisoned by lupines. It is only when,

for some reason, th(;y cat an unusually large quantity that losses

occur. This is discussed in more detail under ''Ilange conditions

under which sheep are poisoned" on page 39.
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TOXICITY OF DIFFERENT SPECIES OF LUPINE.

The field experiments give little information as to any difference

in toxicity between the species of lupines. While only one of the

two species used in the experiments with horses produced effects, viz,

Lupinus myrianthus, the feedings of L. comatus were not conducted

under exactly the same conditions, the period of feeding being con-

siderably longer than in the experiments in which poisoning was pro-

duced by L. myrianthus.

The probable reasons why sheep were not poisoned on Lujnnus
Tnyrianthus and L. comatus are discussed on page 28. Nearly all the

experiments at Greycliff were on L. leucopsis. The field experi-

ments on L. argenteus and L. leucopJiyUus were so few that it is not

safe to make any deductions. It seems probable that in the experi-

ments of feeding the seed of L. argenteus, the dosage was just a little

too small, even granted that the plant is equally toxic with L.

leucopsis.

The experiments with mice detailed on pages 25 to 28 indicate that

the European species, Lupinus alhus and L. angustifolius, are about

equally toxic with L. leucopsis and L. leucopJiyllus , while L. luteus is

much less toxic, the dosage probably being at least three times as

great as that for the other species. Inasmuch as the experiments

on mice were few in number, too much importance must not be at-

tached to the results. They are interesting, however, as giving some
indication of the probable comparative toxicity of the species ex-

amined. These experiments with mice give an indication of the

probable toxicity of the leaves as compared with other parts of the

plants.

TOXICITY OF LUPINE LEAVES FOR SHEEP.

Sheep No. 243 was an undoubted case of lupine poisoning. The
symptoms were typical and it received only leaves. It was impos-

sible, however, to verify this by other experiments. The other ani-

mals (Nos. 295, 266, 256, 290, and 306, withX. leucopsis, andNos. 263

and 307 with L. argenteus) were fed much more, in some cases more
than three times as much, without any effect whatever. It should

be added that while all animals upon the range apparently graze

upon lupine with impunity, sometimes eating very large quantities,

there are cases when it seems probable that lupine leaves must be

toxic. For example, cases of undoubted lupine poisoning in the

Absaroka National Forest, examined by Dr. Hadleigh Marsh in the

summer of 1914, apparently did not have an opportunity to obtain

enough of the seeds to cause the difficulty. If it could be assumed
that the leaves are sometimes toxic, these cases would be much more
easily explained. Many similar cases of range poisoning have oc-

curred where it was difficult to explain the loss except by assuming
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that the lupine leaves are toxic. Moreover, laboratory work, con-

ducted with the assistance of Mr. O. F. Black, shows clearly that there

is a large quantity of the alkaloid in the leaves, although less than in

the seed.

A careful analysis of the cases of sheep fed with leaves offers no ex-

planation for the difference in results, although many possible factors

have been taken into consideration, such as difference in animals, differ-

ence in methods of administration, seasonal change of toxicity, etc.

All that can be said at this stage of the investigation is that while lupine

leaves are not always injurious they are toxic, and under some condi-

tions—conditions which can not now be defined—they cause illness

and death. It is evident that no definite statement can bo made as

to the toxic and lethal dose of leaves for sheep.

TOXICITY OF LUPINE SEED FOR SHEEP.

Table 4 is a statement of the sheep poisoned by lupine seed in 1913,

showing the quantity in each case which produced the result.

Table 4.

—

Sheep poisoned by lupine seed in 1913.

Feed and animal.

Pounds

Date led.
fed per

100 pounds
of aoimal.

Aug. 15 0.561
Aug. 17 .705

Aug. 15 .268
Aug. 17 .542
Aug. 31 .441
Sept. 2 .245
Sept. 6 .439

Result.

UBgroundseed:
No. 209
No. 1S4

Ground seed:
No. 210
No. 201
No. 1S5
No. 212
No. 203

Sick; recovery.
Death.

Sick; recovery.
Death.

Do.
Sick; recovery.

Do.

Inasmuch as sheep No. 208 received 0.551 pounds of the unground

seed without any toxic effect, it would appear that the dose received

by sheep No. 209 (0.561 pound) with resulting illness, must have been

very near the toxic limit. As the only sheep that died (sheep No. 184)

received 0.705 pound, the lethal limit, so far as these experiments

show, lies between 0.561 and 0.705 pound.

Wh(!n grfjund seed was used, the dosage was much smaller, as

would be expected. Sheep No. 212 was poisoned by 0.245 pound,

and sheep No. 210 by 0.268 pound. Others wore fed larger quantities

without effect; for examph;, sheep No. 196 received 0.425 pound, and
sheep No. 207, 0.423 pound, while several received 0.3 pound or

more. Sheep No. 196, however, received its dose in 2 days, whereas

the others receiv<',d theirs in a single day. It seems that sheep may ]w

poi.sonitd on as little as 0.25 pound or may r(i(uuve as much as 0.423

pr)unfl without e.ffcct.
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The two cases of death resulted from doses of 0.543 and 0.441

pound. The general deduction from the experiments of 1913 on

ground seed was that the toxic dose was between 0.25 and 0.5 pound,

and the lethal dose about 0.5 pound, with the probabihty that in the

average cases the lethal dose was somewhat more, perhaps nearly 0.6

pound.

It was considered that these experiments determined the dosage

nearly enough for practical purposes, and in the experiments of

administering ground seed in 1914, which were mainly with reference

to the effect of antidotes, the dosage was intended to be heavy enough

to produce serious illness, if not death. The general results showed
that the estimate of dosage made in 1913 was approximately correct,

and that the toxic dose is somewhat less than 0.5 pound, sometimes

as low as 0.25 pound.

TOXICITY OF LUPINE PODS FOR SHEEP.

The number of experiments of feeding lupine pods was not suffi-

cient to determme the dosage with any exactness. Sheep No. 253

died on August 6, 1914, from eating 2.755 pounds of pods. This

material had been collected previously and dried, but the weight as

given is the green weight, as the loss from evaporation was known.
These were pods in which the seed was not yet ripe.

Sheep No. 301 died on August 28, 1914, from eating 2.041 pounds
of pods which were collected after they had shed most of their seed;

a few seeds, however, remained attached to the pods. The weight

given is the dry weight, as there was no way of estimatmg the loss

of water in drying. In all the other cases much smaller quantities

were fed, and no intoxication resulted. It can only be said that the

pods are distinctly toxic, but the dosage is much greater than of the

seeds.

It may be added in this connection that in 1913 a careful compu-
tation was made of the relative weights of the seeds and pods in the

fruit, and that, based on the result of this work, the toxic dose of pods

would be 3.4 pounds. Without much doubt the toxicity of the pods

varies at different seasons and probably is much reduced in the dried

pods remaining attached to the plants in the late summer and fall,

TOXICITY OF LUPINE FRUIT FOR SHEEP.

By "fruit" is understood the pods with the contained seeds. A
considerable number of experiments were made to determme the

toxicity of the fruit as compared with the seed. Table 5 gives the

results of these experiments. The term ''Seed heads" means the

fruits and the stems bearing them. In the cases listed under '' Fruity

fully developed," the pods were picked from the stems.

The last four feedings under "Fruit, fully developed" were of

very poor, locoed animals; consequently, the dosage (as computed
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according to weiglit) would be distinctly different from that com-

puted for the same animals in a normal, healthy condition. This

may possibly explam why in the cases of Nos. 251 and 280 the dosage,

computed on the basis of a 100-pound animal, so much exceeds the

lethal dose shown in the precedmg experiments. For example,

sheep No. 280 weighed 99 pounds earlier in the season, while at the

time of the experiment it weighed only 84 pounds. If the dosage of

material given September 4 were computed on the assumption that

the animal had its original weight, it would reduce the amount given

in the table to approximately the toxic or lethal dose of the preceding

animals, and as the margin between no symptoms and toxicity is so

small this animal would not differ materially from the others.

Table 5.

—

Sheep given forcedfeedings of lupine fruit in 1914-

Feed and animal. Date fed.

Pounds fed
per 100

pounds of
animal.

Result.

Fruit, fully developed:
No. 292 July 16 0.882

.441
1.322
1.764
1.543
1.433
1.543
1.433
1.763
1.543
1.541

1.761
1.901

1.033

Not sick.

No. 291 July 17 Do.
No. 277 July 18 Do.
No 278 July 19 Death
No. 238 July 20 Do.
No 269 July 23
No. 240 July 24 Symptoms

.

No 297 do . .

No. 256 July 25 Death.
No. 231 Aug. 29
No. 235 Aug. 31 Do.
No. 251 Sept. 2 Do.
No. 280 Sept. 4 Do.

Seed heads, fully developed:
No. 255 July 28-29 Do.

It is evident from Table 5 that approximately 1^ pounds of fully

developed fruit will produce symptoms or death in a 100-pound

sheep—that is, it takes three times as much of the fruit to poison as

of the seed.
SYMPTOMS.

Some of the sheep poisoned by lupine, froth at the mouth, but this

is by no means a universal symptom. The most noticeable and
significant symptom is the character of the breathing. In the milder

cases the breathing is heavy and labored, subsidmg into a condition

of coma in which the animal may continue for a long time, snoring

as though in a deep sleep. If able to stand, the animal may fall

over in its sleep. In the more acute cases, there are severe attacks

of dyspnoea, during which the animal throws itself about violently

in its attempts to breath(\ During these attacks the tongue and
mouth become cyanotic from the congested peripheral blood ves-

sels. Sometimes in these attacks of dysj)na;a the animal dies in

convulsions ra which the limbs are exicaided rigidly, much as when
poisoned by strychnin. In other cases the condition of coma deep-



34 BULLETIN 405, U. S. DEPAETMENT OF AGEICULTURE.

\

\

\
/=>C/A S£.

-

J\V \
^

~~'

ens until the animal dies without a struggle. The convulsive attacks
of dyspnoea, however, may be considered typical of lupine poisoning.

Drooping of the ears is noticeable in the early stages of the poisoning.

In many cases the poisoned animal is continually pushing its head
against surrounding objects. In corral cases the sheep pushes
against the fence, lowering its head so that sometimes the animal
almost stands on its head. These attitudes are shown in Plate III
figures 1 and 2. If moved from one point it may immediately push
up against the fence in another place, sometimes throwing its head

/?j^, A;^ through an opening
and remaining in that

position. Sometimes
the head wiU be
swung rhythmically

from side to side.

Generally when
sheep become af-

fected on the range
they run about in a

frenzied way, butting

into otheranimals and
objects. Handling the
animals under such
conditions excites
them to such an ex-

tent as seriously to

interfere with their

chances of recovery.

When attempts were
made to administer

remedies by drench-

ing, it was found that

the animals lost more
by the increased ex-

citement than they
gained from the remedy. If the sheep does not die in the period of

excitement, it staggers until it falls, then lies in a stupor, which in

the fatal cases gradually grows deeper.

The pulse and respiration are very high in the acute stages of the
intoxication, but later are not very different from normal, except
that the pulse rate is frequently increased just before death.

The intoxication produces no effect on the temperature, but in long-

continued cases the temperature gradually falls, sometimes to be-
tween 98° and 99° F. The curves (fig. 2) showmg the changes in
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Fig. 2.—Curves showing the changes in pulse, respiration, and tem-
perature of sheep No. 185.
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the rate of the pulse, respiration, and temperature of sheep No. 185

are fairly typical of the changes which ordinarily take place.

Associated with the condition of excitement there is frequently

more or less violent trembling. Nausea is not often exhibited.

Bloating occurs in some cases, probably being more Hkely to occur

when the sheep eat very largely of lupine leaves.

Especially characteristic of lupine poisoning are: (1) Excitement,

leading to running about and butting into other objects; (2) con-

vulsions, accompanying the attacks of dyspnoea ; and (3) heavy breath-

ing, sometimes accompanied by snoring.

There is considerable variation in the length of time which elapses

between the feeding of lupine and the incidence of symptoms of poison-

ing. In some cases symptoms appeared in 1 or 2 hours, while there

were other cases in which nearly 24 hours passed before symptoms

were noticed. It is evident that rumination does not necessarily

precede the symptoms ; in fact, there was no evidence that rumination

occurred in any of the experimental sheep, although as they were not

under constant observation it could not be said positively that rumi-

nation never took place.

It can be seen from the experimental work that sheep upon the

range, when poisoned by lupine, may not exhibit symptoms until

they have left the source of their trouble far behind.

In the autopsies, the peripheral blood vessels were found strongly

congested. The left heart was usually strongly contracted, and upon

the surface of the heart in most cases were petechias. The lungs were

congested, and sometimes the liver. The blood vessels of the brain

were somewhat congested, and generally the blood vessels of the inner

waU of the ileum were more or less congested.

The immediate cause of death is evidently respiratory paralysis.

Death may follow very quickly after the first symptoms, or the ani-

mals may live for 2 or 3 days.

As noted in the description of the experiments of intraperitoneal

injection of lupine extracts in mice, the animals died of respiratory

paralysis, showing symptoms which were comparable with those ex-

hibited by sheep.

The preceding details of symptoms are those exhibited by sheep.

The experiments with horses were so few that no complete picture

can be given. The distinct symptoms noted were twitching of the

surface muscles, constipation, dullness, and a tendency when walking

to lift the fore feet high.

Dr. A. D. Knowk's, of Butte, Mont., has recently treated some
interesting cases of lupine poisoning of horses. Dr. KjiowIcs has

made a very careful study of these cases and has done some experi-

mental fi'fding, making autopsies and liaving microscopic prepara-

tions made of tlie diseased organs. These horses exhibited symptoms
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comparable with the '^ctrogenic" poisoning reported in Germany,

especially noticeable being the atrophy of the liver accompanied by
a yeUowmg of the connective tissues.

While some American authors have distinguished between "acute"

and ''chronic" lupine poisoning, their statements appear to have

been drawn from European sources, and Dr. KJnowles has apparently

been the first to note and record definitely cases which can be diag-

nosed as instances of "lupinosis" or ictrogenic poisoning. The clear-

cut evidence presented by Dr. Kiowles seems conclusive and makes
it probable that other similar cases will be found, although it does

not seem likely that lupine causes large losses of horses in the ag-

gregate.
PATHOLOGY.

Some typical pathological material from the autopsies was exam-
ined by Dr. Formad, of the Bureau of Animal Industry. A large

amount of material remains for examination, which may be made
the subject of a future report. The general character of the pre-

liminary report was confirmatory of the results of the macroscopic

examination of the cases.

There was fullness and congestion of the pulmonary capillaries.

The hepatic cells showed the presence of a mild degree of cloudy

swelling and some oedema.

The kidneys showed a slight degree of cloudy swelling of the

epithelium, and in some cases fullness between the convoluted

tubules of the cortex and overdistension of the capillaries of the

medulla accompanied in places by outwandering of the leucocytes

and diapedesis of the red-blood corpuscles, indicating a marked

congestion.

COMPARISON OF "LUPINOSIS" AND POISONING OF SHEEP BY
AMERICAN LUPINES.

The symptoms of lupinosis are described in detail by a number of

European authors, e. g., Ziim (1879), Arnold and Schneidemiihl

(1883), Roloff (1883). Summaries are given by Dammann (1902, p.

340-341) and Hutyra and Marek (1913, p. 524-525).

The characteristic symptoms are

:

(a) Loss of appetite.

(b) Fever in, the first stages of the disease.

(c) Weakness.

(d) Cerebral excitement; thrusting the head against a wall and into corners.

(e) Gnashing of teeth.

(/) Pain in hind part of body.

(g) Diarrhea; ill-smelling excrement.

(h) Sometimes bloody urine, containing bile and albumen.

(i) Yellowing of conjunctiva and visible parts of mucous membranes in most cases,

but not in all.

0) In some cases swelling of ears, eyelids, lips, and nose.
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(h) In autopsies there is seen a citron-yellow color of tlie body tissues, hemorrhages
in various parts of the body, especially in the mucous membranes of the alimentary

canal, the peritoneum, omentiun, mesentery, the epicardium and endocardium,

fi'equently fullness of gall bladder, generally an acute yellow liver atrophy, while

in other cases the whole pictiure presents an appearance of acute phosphorus poisoning.

The German authors distinguish between acute and chronic

cases, the symptoms being the same, but in the latter the liver

exhibits chronic interstitial inflammation, leading to atrophy of the

organ, this being accompanied by nephritis and enlargement of the

spleen.

It will be noticed that the laboratory results obtained by Sollmann

and by Clawson and Black agree very well with the field experiments

with sheep, but differ very distinctly from the symptoms of lupinosis.

The fever and jaundice which are especially characteristic of lupi-

nosis have never been observed in sheep in America, either in experi-

mental feeding or in poisoning upon the range. It must be con-

cluded that ictrogen is not the cause of loss of sheep on the ranges of

the United States, but that the poisoning is due to the alkaloids in

the lupines.

The symptoms in the corral experiments and in range cases are

distinctly those of alkaloidal poisoning. The question naturally

arises as to the explanation of the difference between the poisoning

of animals as exhibited in Germany and in the United States. The
lupines examined in Germany possess alkaloids which are similar to

those found in the American lupines, if not identical with them, and
yet few clear cases of alkaloidal poisoning of domestic animals have
been reported, while in America there has been no poisoning from
ictrogen. In the absence of any determination of what ictrogen

reaUy is or how it is formed, only a hypothetical explanation can be

given. If it is granted that ictrogen is the cause of lupinosis and if

the opinion is accepted, which seems to be held by the later authors,

that ictrogen is formed by the action of microorganisms upon the

lupine, a possible explanation lies m the different conditions of the

countries. The European lupines are cultivated plants, grown and
handled like hay. The poisoning cases are caused by lupine that is

exposed in the mass, and sometimes under conditions favorable to

the growth of microorganisms. The American lupines are wild

plants, which grow in a somewhat scattered manner; they are not

collected in masses, and consequently do not have an especially

favorable environment for the growth of microorganisms. More-

over, it is very possible that the particular organisms which produce

the toxic substance in Europe are not present in this country; of

this nothing can be said positively, for no one has yet been a])lo to

demonstrate that any specific organism or group of organisjns is

responsible for the hypothetical substance ictrogen. Therefore, on

the supposition that there is such a substance as ictrogen, or lupino-
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toxin, it seems possible that it would not be produced in America,

at least under range conditions.

The fact that there is so Httle evidence that domestic animals in

Europe suffer from the alkaloids of lupine may be explained by the

different way in which the animals are handled. It is shown else-

where in this paper that lupine poisoning of sheep on the western

ranges is ordinarily associated with deficiency in the food supply.

Rarely, if ever, are well-fed sheep poisoned. It may be assumed

that the sheep in Germany that feed upon the lupine are staU-fed or

pasture-fed and eat somewhat at leisure, so that seldom would they

be hkely to reach the toxic limit in a single feeding. In this connec-

tion, however, it may be noted that some of the symptoms men-
tioned by the German authors resemble those of alkaloidal poisoning,

and, granted that ictrogen is the principal cause of the losses, it is

possible that there is a certain amount of alkaloidal poisoning in

addition. This would account for the nervous symptoms described

by the German authors, for these correspond to the phenomena
exhibited by western sheep suffering from the lupine alkaloids.

It should be noted in this connection that the work of Dr. Knowles
mentioned on page 35 seems to show that under some conditions

ictrogenic poisoning of horses may occur in America.

The exact relationship between poisoning by lupine alkaloids and
ictrogenic poisoning is far from clear, and it is to be expected that the

chemical investigations which are now being carried on by the United

States Department of Agriculture wiU aid in clearing up this subject.

REMEDIES.

It was hoped that some remedy might be found by which recovery

from lupine poisoning might be aided, but the results of the experi-

mental work in this direction were disappointing. Whisky, gin, and
atropin were tried, with no beneficial results. Caffein and Epsom
salts were used to increase excretion, but without any advantage.

Tannic acid and sodiiun bicarbonate were used as antidotes. In the.

pubhcation on Zygadenus,^ there is a discussion of reasons why the

use of antidotes in a drench in any ordinary method of administra-

tion should not be expected to be beneficial. As in the work on

Zygadenus, experiments were made of giving sodium bicarbonate in

frequently repeated doses. This was tried in four cases (sheep Nos.

297, 254, 296, and 269). Sheep No. 269 received 0.772 pound of

seed and died in spite of the remedy, but sheep No. 296 received

0.666 pound, considerably more than the toxic dose, and was not

sick. This animal received the sodiimi bicarbonate every half hour,

while sheep No. 269 received it at hour intervals. There seems to be

httle doubt, as in Zygadenus poisoning, that if the sodium bicarbonate

1 U. S. Dept. of Agr. Bui. No. 125, p. 41.
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can be administered at intervals frequent enougli to catch, the toxic

principle -as it enters the fourth stomach, recovery may be aided.

This is of considerable theoretical interest, and the method might

be used in order to save an especially valuable animal, but, of course,

range animals can not be treated in this way, for the herder may
have a large number of sheep sick at the same time. It is not

unusual for 200 or 300 cases to occur suddenly, and any remedy
which involves the administration of more than one or two doses is

useless.

Herders frequently bleed sheep poisoned by lupine and claim good
results. There seems no logical reason for this, however, and the

experience of the wTiters at the field station leads them to consider

bleeding as harmful rather than beneficial.

RANGE CONDITIONS UNDER WHICH SHEEP ARE POISONED.

It must be recognized that corral experiments, while superior to

laboratory w^ork in imraveUng the complex problems of plant poison-

ing of domestic animals, do not cover the conditions of range poison-

ing. It is sometimes very difficidt to decide to what extent the results

of intensive corral feeding can be used in the explanation of range

phenomena. Laboratory and corral experimentation are, of course,

essential in such a study, and may give, in fact do give, fundamental

information. An intimate acquaintance with range conditions is,

however, necessary for the practical elucidation of these problems.

Such an acquaintance with range conditions is somewhat difficult for

the scientific investigator to acquire. Sheep are grazed in locations

situated at long distances from regular avenues of travel or communi-
cation, and they are also moving from place to place. Cases of

poisoning are reported, perhaps, some days after the trouble has

occurred, and investigation at that tim.e is hkely to be useless. It is

very difficult for the investigator so to locate himself as to be able to

see these cases when they occur. These difficulties doubtless explain

why there has been so httle exact knowledge of the conditions sur-

rounding the losses. There has been, moreover, no way of placing a

correct valuation on the reports made by sheep herders and owners.

The average sheep herder does not have a high order of intelligence,

and this has led to an underestimate of the testimony of these men,

for the fact has been overlooked that many of them are keen observers

with a practical knowledge of conditions far superior to that of the

average scientific investigator. The writers of this paper have had
long and iritunato acquaintance with the western stock ranges, but

they have frequently been put to shamo by the wonderful, almost

instinctive, readiness with which an experienced sheepman will

unerringly recognize slight symptoms of (Jis(;ase in the members of

liis fiocks. Tlie W7'iters were fortunate in being able to observe many
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range cases, and the conditions under which poisoning may occur

seem now quite clear.

It was early recognized that lupine poisoning ordinarily occurs

only when hungry sheep graze upon the plants. Well-fed bands

are rarely, if ever, poisoned. This statement, it may be said in

passing, can be made general and covers practically all poisonous

plants. If sheep are taken from the cars and turned into a pasture

abundantly supphed with lupine, disastrous results are likely to

occur. In July, 1914, 400 sheep, out of a band of 4,000, were lost

near Lakeview, Oreg. The matter was investigated by Mr. Norman
G. Jacobson, of the Forest Service, who found that the sheep had
been driven 34 miles in four days with a scarcity of forage. On
July 25, after a day's drive of 10 miles, they were turned into a 10-

acre pasture which, investigation showed, contained Httle but sage-

brush and lupines, and the lupines were in pod. The sheep, of course,

ate the lupines and with resulting loss. Many losses have occurred

in the fall when sheep are coming down from the mountain ranges

and have been caught by snow. On such occasions the fall of snow
may cover the grasses, but leave the lupines exposed. Hungry sheep

coming upon such an area may eat enough of the lupines to produce

poisoning. In the faU of 1913 a sheep owner in Montana lost 300

sheep in this way.

An area in the Caribou National Forest was investigated where

annual losses have occurred. It was found that the sheep coming

from the mountains pass through thick patches of lupine and eat

it greedily. The fact that the lupines are in pod at the time of the

drive makes the matter worse. In 191 1 , an especially disastrous year,

one outfit lost 1,000 head in this locality.

And yet, in spite of these known cases of severe loss, sheep some-

times graze on lupine through a good part of the season and with no

harm. Except as they are especially hungry sheep rarely, if ever,

eat enough of the lupine to cause trouble. Poisoning is much more
likely to occur if sheep are hurried over a lupine area, for then in

their eagerness and jealousy of each other they seize upon the lupines,

which are more easily reached than the grasses. Generally speaking,

it is much better to drift sheep over a lupine area than to drive them.

It may be noted that sheep that are new to a locaHty are much more

hkely to eat too much of the lupine than those that are accustomed

to the country.

An attempt was made m 1912 to demonstrate in an experimental

way that hungry sheep may be poisoned when they feed upon lupine.

A bunch of 11 sheep were kept without food for 36 hours and then,

during one day, were driven 12 to 15 miles with very little opportu-

nity to eat. About 5 p. m. they were brought to a thick lupine patch

and allowed to graze. They fed until about 8.30 p. m., when they
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were bedded down. Tliey were up and feeding again at 12.15 a. m.

and were grazing most of the time until 6.30 a. m., with the excep-

tion of the hour from 4 to 5. To the disappointment of the observ-

ers none of the animals was poisoned. It was noticed, however,

that while a good deal of lupine was eaten they did not take to it

greedily and preferred the grass, which was in fair abundance.

In thinking over the experiment later, it seemed probable that the

fact that the sheep were allowed to feed freely, combined with the

abundance of grass, might explain the lack of results. It was there-

fore decided to repeat the experiment with the difference that the

sheep should not be allowed to feed freely upon a lupine patch, but

should be kept moving back and forth, the idea being that in this

way they might snatch at the lupine as the most prominent plant.

An experiment of this kind was tried July 31, 1914. Thirty-six

sheep were corralled at night and kept in until 2 p. m. the next day

with no food. At 2 p. m. they were driven about a mile to a lupine

patch having an abundance of pods and seed. It proved to be an

unfavorable time for such an experiment, for it was very hot and the

sheep would not feed until about 7 p. m. They grazed until about

8 p. m. and were kept on the move aU this time. They were driven

back to the corrals. The time of grazing was so short that it was
assumed the experiment was a failure, and the sheep were not ob-

served during the night. The next morning sheep No. 241, which

had been observed as one of those eating the most lupine, was found

down, and a Httle later it died, the symptoms and autopsy indicat-

ing that it was, without doubt, a lupine victim. The outcome of this

experiment was considered to be a confirmation of the general ex-

planation of range poisoning as given before.

TREATMENT OF RANGE ANIMALS TO AVOID POISONING.

From what has been said of the conditions under which range poi-

soning occurs, it is evident that much of the loss can be prevented by
proper management of the bands.

Sheep should never be taken from the cars to a pasture having

much lupine. It is cheaper to buy hay. After long drives with

insufficient f(;rage avoid grazing grounds which are covered with

lupine. If it is necessary to drive sheep over lupine patches, do not

hurry them, but allow them to spread out and drift across. Special

care should be taken in the fall, when the grass may bo covered by a

fall of snow. In the treatment of the flocks remember the general

fact, which is applicable in regard to all poisonous plants, that wcU-

fed sheep are not likely to eat injurious plants. Conditions under

wldch sheep get ravenously hungry should, if possible, be avoided.

Herdfrs should recognize tlie fact tliat th(5 pods and seeds are espe-

cially poisonous and tliat, consequently, poisormig is luorc lik(;ly to
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occur at the time when the plants are m fruit and in seasons when
the fruit is most abundant. In very dry seasons frequently little

fruit is matured, while a wet season, especially a wet spring, may
cause a heavy production of fruit.

SUMMARY.

(1) Lupines have been cultivated and used from the tune of the

ancient Greeks and Romans, but their poisonous properties have been

recognized only in very modern times. Heavy losses of domestic

animals were reported in northern Germany in 1872 and the suc-

ceeding years.

(2) While chemists have shown the presence of poisonous alkaloids

in the lupines, the losses in northern Germany have been considered

by investigators as due not to the alkaloids but to a hypothetical

substance known as ictrogen.

(3) An investigation by Dr. Sollmann showed the presence of

alkaloids in American lupines, and pointed to the probability that

most, if not all, the poisoning of hve stock in America was due to

these alkaloids and not to ictrogen.

(4) Extended field work has verified the conclusions of Sollmann

and has shown that all aerial parts of the lupines examined are

poisonous, the seeds being the most toxic, then in order the pods and

leaves. This has been confirmed by preliminary experiments with

extracts upon mice.

(5) The toxic substance is excreted by the kidneys; the intoxica-

tion is not cumulative, and animals may eat comparatively large

quantities with no iU results, if the toxic limit is not reached at any

one time. Inasmuch as the toxic and lethal limits are nearly the

same, the prognosis for poisoned animals is not favorable.

(6) There is no form of remedial treatment that can be used ad-

vantageously for range animals. Poisoning in most cases can be

avoided, even where the plant is abundant, by careful handling of

the flocks, especial care being taken to see that hungry sheep are

not grazed on fields where there is much lupine.
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INTRODUCTION.

The close relationship of Sudan grass and Johnson grass leads to a

pronounced similarity in their seeds. The two kinds of seed can be
distinguished, however, when their comparative size and certain

features of their appearance due to differences in development are

considered. Oakley ^ and Vinall ^ have referred to these characters

as useful in distuiguishuig these two kinds of seeds.

When properly interpreted, the distinguishing characters are

believed to be sufficiently reliable to make possible an accurate

quantitative analysis of a mixture of the two kinds of seed, even
though unhuUed grains of both grasses are present.

When the seeds of the two kinds are under observation, the larger

size of the Sudan grass seeds, includuig the hulled grains, is readily

noticeable. The lighter color of the hulled grains is also evident.

Distinguishing characters presented by either of the two kinds of

seed observable in the absence of the other depend chiefly on a

difference in the development of the plants preparatory to seed fall.

This may best be understood by first considering the structure of the
terminal clusters of the general seed clustc^r, or inflorescence taken
coUoctivrJy. One of these seed (dusters, shown in figure 2, illustrating

> Oakley, K. A. Some new grasses for the South. U. S. Dept. Agr. Yearbook, 1912, p. 495-504, pi. 65-70.

1913.

2 \'iriall, If. N. U. S. Dept. Agr., Farmers' liul. 005, p. 15. 1914.
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Johnson grass, is seen to bear ise^dral sfeeds (ripened spikelets) at-

tached directly (sessile) at the nodes of the jointed axis (rachis)

of the cluster. These are indicated in figure 2 by a, which shows
them as occurring along only one side of the axis. Accompanying
these fertile or grain-bearing spikelets, which constitute the greater

part of the unhulled commercial seed, are several slender, sterile

spikelets (6), each elevated on a stem or pedicel {d) which is attached

with a fertile spikelet at a node of the rachis. It is to be noted that

the terminal fertile spikelet is accompanied by two sterile spikelets

with their pedicels. It is especially to be noted that in the figure

each node and the apex of each pedicel are marked by a distinct cross

line indicatmg the suture (e) at the articulation or junction of each

rachis segment and of each pedicel with its spikelet.

2

Fig. 1.—Seeds of Johnson grass (1) and Sudan grass (2). Hulled grains appear at the left of each group.

(Natural size, from a photograph.)

It is the normal habit of the seed clusters of Johnson grass at

maturity to break apart at these sutures, thus providing for the fall

of the seed. Each rachis segment and accompanymg pedicel remain

attached to a mature spikelet or unhulled seed. Terminal spikelets

retain the two pedicels. The rachis segment and pedicel or the two

pedicels may be referred to collectively as the appendages of the seed.

In Sudan grass the terminal seed clusters in general structure are

essentially the same as in Johnson grass. They differ, however, in

being devoid of a suture at the nodes of the rachis and apex of the

pedicels. In consequence, the seed fall does not imiformly result

from separation at the articulation, but rather from the breaking of

the rachis segments and pedicels at their weakest point, usually near

the center (fig. 3, c). Most of the unhulled seeds therefore have a

short stem (fig. 3, a).



SEED CHAEACTEES OF STJDAl!f GEASS AjSTD JOHNSON GEASS.

What appear to be exceptions to the general rule of seed fail

occur in both kinds of seed, but the presence or absence of the

distinguishing suture is evident under a

good magnifier. I, 11

DISTINGUISHING CHARACTERS OF THE
SEEDS OF SUDAN GRASS.

Sudan grass seeds in the hull (fig. 3, ^)

vary from eighteen one-hundredths to

twenty-five one-hundredths of an inch in

length, exclusive of the short stem. Most
of the seeds bear at the base of each a

short stem (fig. 3, a), which is jaggedly

broken at its extremity. This stem repre-

sents the upper portion of a rachis segment

and is expanded at its articulation with

the spikelet, or seed. The articulation may
be marked by a slight constriction (fig. 3,

h), but it has no distinct suture. The ap-

pendages of the spikelet usually are jag-

gedly broken and not expanded at the

apex (fig. 3, c). The missing portion corre-

sponds to the short stem of the spikelet FiG.2.-Seed duster of Johnson grass,

, ., ^
enlarged: a, 0, Fertile spikelets; 6, 6,

QeSCriDeCl. sterile spikelets; c, c, axis, or rachis.

The seed hull is mainly straw colored of the duster; d,rf, pedicels of sterile

. -._ . . flowers; «, f, sutures at the articula-

or hght tawny. Many seeds are tmged tion of spikelets with the axis;/,

or spotted with brown. Some are tinged ^""^^^^ °f t^^ inflorescence bearing
^

1 • T 1 rrn 11 ^^^ ^^^^ cluster.

or spotted with red. ihe darkest are

blackish brown. In general, commercial seed has a smaller pro-

portion of reddish and blackish brown seeds than Johnson grass.

The hulled grains
(fig, 3, S) vary from

thirteen one-hun-
dredths to eighteen one-

hundredths of an inch

in length and are light

reddish brown. They
are larger, more com-

monly elliptical in out-

line, and lighter colored

than in Johnson grass.

Even in the smaller

grains the embryo is r(ilativ(;ly larger than that found in Johnson
grass seeds.

Flo . 3.—Sudan grass seeds, enlarged. Unhulled seeds , spikelets (1)

;

hulled grains (2;: a, a, Seed stem; 6, b, constriction at the junction

of seed and stem; c, e, appendages of the seed with broken apexes;

d, scar of the grain; c, embryo.
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DISTINGUISHING CHARACTERS OF THE SEEDS OF JOHNSON GRASS.

Jolmson grass seeds in tlie hull (fig. 4, 1) vary in length from fifteen

one-hundredths to twenty-two one-hundredths of an inch. Most of

the seeds have a smooth,

rounded, and light-

colored scar at the base.

The appendages of the

seed (fig. 4, h) are mostly
entire, expanded, cup
shaped, and smooth at

the apexes, correspond-

ing with the scar at the

base of the seed. The
uniformly smooth border

of the expanded, cup-

apex, together

separation of the

Fig. 4.—Johnson grass seeds, enlarged. ITnhulled seeds, spLkelets

(1); hulled grains (2): a, a, Scar of the hull; 6, b, appendages of

the seed with expanded, cup-shaped apexes; c, scar of the grain;

d. embryo.
shaped

with the smooth seed scar, results from the norma'

seed along a definite suture.

The prevailing color of mature seed hulls is

blackish brown. Many seeds are partially or

wholly reddish. Some are straw colored. A few

are tawny or light brown.

The hulled grains (fig. 4, 2) vary from eight

one-hundredths to twelve one-hundredths of an

inch in length. They usually are oval, sometimes

oval-elliptical in outline, the embryo end tending

to be the more pointed. The color is dark reddish

brown. They are noticeably smaller and darker

colored than those of Sudan grass and have a

relatively narrower embryo (fig. 4, d).

APPARENT EXCEPTIONS TO THE DISTINGUISHING
CHARACTERS DESCRIBED.

Conflicting conditions arise from exceptions in

the manner of the fall of the seeds of Sudan grass

and Johnson grass.

Occasional Sudan grass seeds have no stem at

the base, but the scarusually is irregular or jagged,

owing to the absence of a definite suture. Like-

wise, some seeds have one or both appendages

unbroken, with expanded and occasionally cup-shaped apexes. The
size of the seed, together with the size, form, and color of the grain,

should suffice to distinguish the seed from that of Johnson grass.

Fig. 5.—Stem-hearing seeds

of Johnson grass, enlarged:

(1) A seed in which the

stem (a) is a portion of a

rachis segment. The sut-

ure (h) at the junction of

the stem and seed is evi-

dent. (2) A seed (the

lowest of the cluster) in

- which the longer stem (c) is

a part ofthe cluster branch.

Ko suture occurs at the

junction {d) of the branch

and the first rachis seg-

ment {e). The opposite

side of such a seed shows

the suture, as at 6.
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Some of the seeds of Johnson grass present a short stem (fig. 5, a),

owing to failure to separate at the articulation of the rachis and spike-

let. In such cases, the distinct suture at the articulation in Johnson

grass (fig. 5, h), evident under a good magnifier, appears to be an

unfailing mark of distinction between the seeds of Johnson grass and

Sudan grass. Corresponding with the occurrence of stem-bearing

seeds, some of the former seeds show incomplete, broken appendages,

similar to those which occur in the latter.

In the seeds of both Sudan grass and Johnson grass some indi-

viduals have a stem from one to three times as long as the seed

(fig. 5, c). This is the portion of the branch immediately below the

seed cluster, and the seed is the lowest one of the cluster. It will

be observed in figure 5 and also in figure 2 that this branch is con-

tinued past the first spikelet without an evident suture (fig. 5, d).

A partial suture for this first spikelet of the cluster does occur, how-
ever, at the base of the spikelet and is evident on the side of the axis

opposite that shown in the figure, where it has the appearance

shown in figure 5, h.

Examination of various samples of Sudan grass and Johnson

grass seeds has shown the combined characters of size of seed in

the hull, the presence or absence of the articulating suture, and
finally" the size, form, and color of the grain, including the relative

size of the embryo (compare fig. 3, e, and fig. 4, d) to be conclusive

points of distinction.
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NEW EXPERIMENTS.

The experiments begun by the Office of Public Roads and Rural

Engineering during the year 1915 are all concerned with the use of

bituminous materials in road construction, and include the construc-

tion of roads surfaced with bitumen and coralline rock, bitumen and
sand, bituminous macadam by the penetration and mixing methods,*

' In the future publications of this ofUce " bituminous macadam by the penetration method " will be

called simply Mtuminous macadam, and "bituminous macadam by the mixing method " wiU be
called bituminous oncrete.

52086°—Bull. 407—16 1
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plain macadam with bituminous surface treatments, and bituminous

concrete. Supplementary reports, describing the progress of experi-

ments previously reported, follow the reports of the new experiments.

EXPERIMENTS ON MOUNT VERNON AVENUE ROAD, ALEXANDRIA
COUNTY, VIRGINIA.

BITDMINOUS MACADAM (PENETRATION AND MIXING METHOD), BITUMINOUS GRAVEL
CONCRETE.

This experimental project is located in general upon the Mount
Vernon Avenue Road, in Alexandria County, Va. The entire project

deals with the bituminous type of road construction. It begins at the

Military, Road, near the Arlington Cemetery, and extends on a new
location to McKinley Street. Passing through McKinley Street to

Columbia Pike, the road then follows a new location to the top of the

hill near station 37 + 00, where it joins Mount Vernon Avenue. The
old location of Mount Vernon Avenue is left again at station 85 +00,
and a new location is followed across Four Mile Run to Mount Vernon
Avenue at approximately station 131+00. From there the road

continues along Mount Vernon Avenue to Washington Avenue,

thence through Washington Avenue and Washington Street to the

city line of Alexandria. The total length of the project is 23,711

feet, or approximately 4.5 miles, and is divided into 20 experiments,

as shown in Table 1. The experiments are numbered consecutively

from the north end of the project toward Alexandria, and the experi-

ments numbered 9 and 12 are identical in the construction methods
employed.

The project naturally falls into three sections, according to the

nature of the construction of the road base. Section I extends from

the north end of the project (station — 1+61) to station 153+00 at

Hume, where the road crosses the tracks of the Washington-Virginia

Railroad. A gravel base was laid throughout this entire section,

both on the new location and on the old road, which was of earth and

badly-worn gravel. Section II extends from station 153+50 to

station 192+00. The base on this section is an old bituminous-

macadam surface scarified and reshaped. Section III extends from

station 192 + 00 to station 235+50, and the base is an old water-

bound macadam surface, scarified and reshaped.
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Table 1.—Surface construction.

Ex-
peri-
ment
No.

Stone.

Bituminous material

.

By penetration method. By mixing method.

Section I 1

2
3

4
5
6
7

8
9
10
11

12
13
14
15
16
17

18

19
20

Sandstone...
do
do

Fluxed native asphalt A
Oil-asphalt X

Fluxed native asphalt A.
Oil-asphalt X.do

Gneiss
do
do

Fluxed native asphalt A
Oil-asphalt X

Oil-asphalt X.
Fluxed native asphalt A.
Oil-asphalt Y.

do 1

Gravel
do . Fluxed native asphalt B.

Refined tar.do
do Oil-asphalt Y.

Sectionn Trap
do
do

Oil-asphalt X
Fluxed native asphalt A

Fluxed native asphalt A.
Oil-asphalt.do

apotinn TTT Granite
do
do

Fluxed native asphalt A
Oil-asphalt X

Oil-asphalt X.
do Fluxed native asphalt A.

Work was begun under contract February 25, 1915, and the project

was finished December 6, 1915. A total of 20 working days was lost,

owing to unfavorable weather and other causes. Of the total cost of

$65,694.45 Alexandria Coxmty paid $33,696.21.

General Features of the Project.

Equipment.—The equipment available consisted of a steam shovel,

1,000 feet of industrial-railway track and cars, a pile driver, a me-
chanical scarifier, a semiportable road asphalt-mixing plant, three

500-gallon portable asphalt-heating kettles, a 10-ton macadam roller,

an 8-ton tandem roller, an Emerson steam pump, 2 gasoline pumps
and pipe, two 5-ton motor trucks, dump-bottom wagons, drag

scrapers, plows, pouring pots, and hand tools.

Excavation.—Nearly aU the excavation was done by steam shovel,

and material was hauled to the fills by dump wagons. The industrial

railway was not used to any extent. All fills were built in layers ap-

proximately 1 foot in thickness and roUed where possible. Side-hill

slopes under new fills were thoroughly plowed. Slopes in (^uts were

finished 1 :1 and on fills 1^:1. The road was constructed 16 feet wide,

with 4-foot shoulders, and the side ditches were excavated 19 inches

below the grade of the road. The crown was f inch to 1 foot on all

sections. Of the total of 28,575 cubic yards of necessary excavation,

27,478 cubic yards occurred on section I between stations —1 +61
and 153+00.

Draiv/ige.—Subdrainage, culverts, and catch basins were built

where needed. Ungalvanized corrugated-metal pipe culverts were

placed as indicated in Table 2.
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Table 2.

—

Corrugated metal culverts.

Material.

Coppered
iron,

station
-2+00

Ingot
iron,
station
9+19

Coppered
iron,

station
9+43

Coppered
steel,

station
29+00

Open-
hearth
steel,

station
74+87

Coppered
steel,

station
77+99

Ingot
iron,

station
80+94

Open-
hearth
steel,

station
218+96

Diameter inches.

.

Analysis of metal:
Carbon. ..per cent..
Sulphur . .per cent .

.

Phosphorus, per
cent

Manganese, per cent
Copper...per cent..

24

0.03
.028

.0094

.02

.16

15

0.03
.030

.009

.015

.05

0.03
.039

.011

.016

.16

0.08
.046

.030

.37

.16

0.06
.026

.025

.32

.016

0.09
.053

.0105

.38

.19

18

0.03
.038

.012

.009

.06

18

0.05

.027

.31

.016

Concrete head walls were built for all pipe culverts and a concrete

gutter was constructed on tlie right from station 29 + 00 to station

36 + 18 on a 4.92 per cent grade.

Four Mile Run Bridge.—It was necessary to build a new bridge

over Four Mile Run at station 101 + 87. The design adopted for

this bridge was of two 16-foot spans with 16-inch slabs. Work was
commenced on the bridge March 6 and was finished June 6. The
total cost was $3,332.56. Fifty-eight yellow pine piles were driven

to a 20-ton theoretical bearing for the two abutments and the center

pier foundations, which were built of concrete mixed in the propor-

tions 1 : 2J : 5, The foundations were begun 3 feet 4 inches below

low water. No sheeting was used in the excavation for founda-

tions and the pits were kept dry by the use of pumps. All concrete

was mixed by hand on two large mixing platforms and a washed-

gravel aggregate was used. Concrete for the slabs was of 1:2:4
mixture, and was reinforced with deformed bars. A railing was con-

structed of concrete with a mix of 1 part cement to 2| parts of sharp

sand.

All forms were constructed of dressed lumber and thoroughly

braced. The forms for the bridge rail were oiled and other forms

were kept wet during the placing of concrete. The rail was given

three coats of a wash made as follows: 1 poimd concentrated lye, 4

pounds alum, and 5 gallons of water, to which sufiicient cement was
added to make a wash that would spread with a large brush. The
finished bridge has a clear width of 22 feet.

Foundation or lase course.—On Section I an average interval of 60

days elapsed between the completion of excavation or rough grading

and the commencement of subgrade construction and placing of

gravel base. The subgrade was prepared exclusively by the use of

picks and shovels, and the work was kept from three to five stations

ahead of the gravel-base construction. All yielding and spongy areas

were removed as rolling progressed and fresh material was supplied.

The gravel base, on this section, had an average compacted thick-

ness of 6 inches, and was constructed of a sand-clay gravel, which
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Gcciured. in three pits adjacent to the road, namely, the Zimmerman
pit near station 18 + 00, the Garfield pit near station 95 + 00, and the

Haney pit 1,500 feet to the right of station 116 + 00. The free haul

of gravel was fixed at 1 mile and overhaul was practically negligible.

The gravel was excavated by means of a steam shovel and distributed

in rows from dump-bottom wagons. Stones over 2 J inches in

size were raked out at the pit or during the spreading. The gravel

contained 8.5 per cent of water and weighed approximately 3,000

pounds to a cubic yard, measured loose in a dimensioned box. Gravel

from the Zimmerman and Haney pits, which were cross-sectioned,

increased about 20 per cent in volume when loosened. The loose

depth necessary to obtain the requisite compacted depth of 6 inches

averaged 7.92 inches and the weight per station averaged 58.5 tons.

The spreading was controlled by means of 6-inch blocks and lines,

and the gravel was rolled with a 10-ton roller. The mechanical

analyses of the gravel are sho"wn in Table 3.

Table 3.—Mechanical analyses of gravel usedforfoundation course.

Zimmer-
man pit.

Garfield
pit.

Haney
pit.

Passing 2-inch, retained on IJ-inch screen
Passing 1J-inch, retained on 1-inch screen
Passing 1-inch, retained on ^-inch screen
Passing i-inch, retained on |-iach screen
Passing ^-inch, retained on J-inch screen
Passing J-inch, retained on y'^-inch screen
Passing 10-mesli, retained on 20-mesh screen .

.

Passing 20-mesh, retained on 30-mesh screen .

.

Passing 30-mesh, retained on 40-mesh screen .

.

Passing 40-mesh, retained on 50-mesh screen .

.

Passing 50-mesh, retained on 80-mesh screen .

.

Passing 80-mesh, retained on lOO-mesh screen

.

Passing 100-mesh, retained on 200-mesh screen
Passing 200-meshscreen

Per cent.

11.2
4.6
5.0
9.1
11.4
8.5
5.2
3.6
2.6
4.3
8.6
1.1

6.7
18.1

Per cent. Per cent.

1.3
8.9

11.3
17.2
13.3
4.8
5.8
8.3
7.3
6.4
.5

2.8
13.1

1.4
15.7
25.7
19.6
10.1
5.1
3.2
3.8
3.2
.8

2.4
9.0

100.0 100.0

The base of Section II (station 153 + 50 to station 192 + 00) was
an old bituminous-macadam surface. It was scarified and reshaped

without diflficulty. Where excess material was found it was used to

stiffen the shoulders immediately outside the new surface. Where
a deficiency of material occurred, new 1^-inch broken trap rock

(passing a 2|-inch screen and retained on a 1^-inch screen) was sup-

plied. An average depth of about three-quarters of an inch of such

stone was added to the penetration course continuously from station

153 + 50 to station 158 + 50, and from station 187 + 00 to station

190 + 50 a layer 4 inches deep, loose, was used to stiffen the base.

The entire base, with added stone, was thoroughly rolled with a

10-ton roller.

The base of Section III (station 192 + 00 to station 235 + 50) was

an old "water-bound" trap-rock macadam surface badly out of

shape. It had apparently been repaired with limestone. It was
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scarified and reshaped with some difiiculty, as the left edge from

station 221 + 00 to station 230 + 00 was 3 inches higher than the

crown. From station 201 + 00 to station 208 + 89 and from station

215 + 28 to station 219 + 00 the old macadam was entirely removed

to correct the profile and a new subgrade constructed. Six inches

of "l|-inch" crushed granite (passing a 2J-uich screen and retained

on a IJ-inch screen) was then placed. It was also necessary to add

such stone to weak spots in the base between station 229 + 00 and

station 234 + 00. The entire base was rolled with a 10-ton macadam
roller. A gap of 639 feet occurs on this section at the viaduct over

the Potomac railroad yards.

Shoulders.—Earth shoulders on Section I were constructed 4 feet

wide with a slope of 1 inch to the foot, and they were finally trimmed
and rolled upon completion of the work. On Section II 4-foot gravel

shoulders of approximately 4 inches of compacted gravel from the

Haney pit were constructed on both sides throughout the entire

length. On Section III, from station 219 + 00 to station 235 + 50

similar gravel shoulders were constructed on both sides, except

where a sufficient amount of material developed in the course of

reshaping the old macadam with which to form a firm shoulder.

Cut-off.—Near station 2 + 50 a branch (or cut-off) was built for a

distance of 230 feet along the southerly branch of the Washington-

Virginia Railroad to allow traffic to pass through the new road and

reach the Military Road going to Georgetown without twice crossing

the railroad track. The surface of this cut-off was constructed as

parts of experiments Nos. 1 and 2.

BigTit ofway.—^Approximately 10.2 acres of land were acquired by
Alexandria County to provide for widening the old road and for the

new right of way. All lands so acquired are marked at every point

of curvature and tangency along the new right of way by means of

concrete monuments.
Curves.—The reverse curve between stations 34 + 07 and 37 + 75

was widened gradually to a total width of 24 feet and suitably banked.

The curve between stations 84 + 10 and 88 + 76 was widened grad-

ually to a total width of 22 feet, and also suitably banked. The
curve between stations 89 + 73 and 93 + 99 was also widened gradu-

ally to 22 feet.

Guard rail.—Wooden guard rails were constructed on Section I

as follows

:

From station 19+20 to station 34, left.

From station 20+26 to station 22+55, right.

From station 73+80 to station 81+64, right.

From station 74+24 to station 78+70^ left.

From station 91+50, 3 panels on the right.

From station 98+70 to station 108+78, both sides.

At Hume Spring 4 panels of guard rail were erected.
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The guard rail was built of red-cedar posts with two rails of yellow

pine. The posts, which had been dipped in asphaltic material, were

set 4 feet in the ground and sawed off 3 feet 3 inches above the sur-

face. The 2-inch by 6-inch rails were given two coats of white lead

and oil. The guard rail is set in each instance 3 feet outside the

edge of the surfaced road.

Materials.—The materials used in all surface experiments were

tested in the laboratories of the office and the results are given in

Tables 4 to 9, mclusive.

Table 4.

—

Physical properties of stone used in surface construction.

Test. Sandstone. Gneiss. Trap.

2.50 2.80 3.00
156 175 187

.132 .28 .43
4.8 3.0 2.6
8.3 13.2 15.5
16.5 18.8 18.3

5 5 13

Granite.

Specific gravity
Weigiit per cubic foot pounds.

.

Water absorbed per cubic foot pounds.

.

Per cent of wear
French eoeflficient of wear
Hardness
Toughness

2.70
168
.328
3.0
13.3
18.7

Table 5. -Mechanical analyses of stone used in the bituminous-macadam by the penetration
methods.

Sandstone. Gneiss. Trap. Granite.

12.0
55.1
22.3
10.6

9.3
59.9
22.0
7.0
1.7

2').1

47.2
17.5
9.6
.5

.1

19.8
57.7

Passing l^inch, retained on l-}-ineh screen 16.7
5.8

Passing |-inch, retained on ^inch screen

100.0 99.9 100.0 100.0

Table 6.

—

Mechanical analyzes cf stone and gravel used in the bituminous macadam by
the mixing method, and the bituminous-concrete.

Paasing
Passing
Pas.'iing

Passing
Passing
Passing

Passing
Passirg
Passing
Passing
Passing
Passing
Passing

2-lnch, retained on 1 |-inch screen
1 J-incn, retained on l{-inch screen
1 J^-incti, retained on 1-inch screen
1-inch, retained on 3-inch screen
J-inch, retained on l-inch screen
J-inch, retained on {-inch screen
I -inch screen
lO-mesh, retained on 20-niesh screen . .

.

20-niesh, retained on 30-mesh screen . .

.

30-niesh, retained on 4f)-mesh screen . .

.

40-niesh, retained on SO-mesh screen . .

.

.50-mesh, retained on SO-mcsh screen . .

.

^'j-mesh, retained on lfX)-mesh screen.

.

l')f>-nie.sh, retained on 2fX)-mesh screen.
200-me8h screen

Sandstone.

Per cent.

6.4
12.1
38.0
29.5
13.2

.6

.2

Gneiss. Trap.

Per cent. Per cent.

22.4
6.9 35.4

32.8 24.0
29.5 15.0
25.3 3.2
5.1
.4

100.0 100,0

Granite.

Per cent.

1.8
24.4
44.5
13.5
8.3
6.3
1.2

100.0

Gravel.

Per cent.

1.3
8.9

11.3
17.2

U3.3
4.8
5.8
8.3
7.3
5.4
0.5
2.8

13.1

100.0

I Retained on 10- mesh screen.
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Table 7.

—

Mechanical analyses of stone chips.

Sandstone. Gneiss. Trap. Granite.

Passing li-inch, retained on 1-inch screen

.

Passing 1-incli, retained on |-inch screen .

.

f-inch, retained on J-inch screen .

.

J-incb, retained on J-incli screen .

.

_ ^inch, retained on T'o-incli screen .

Passing ^Viiicn screen

Per cent. Per cent. Per cent.

2.0
25.1
66.0
6.7

0.5
6.1

27.3
61.5
4.6

15.8
25.8
32.9
19.4
6.1

Per cent.
1.1
3.8

35.7
47.1

\ 112.3

99.8 100.0 100.0 100.0

1 Passing ^incli screen.

Table 8.

—

Analyses of fluxed native asphalts and oil-asphalts.

Fluxed native

Specifi-

cation A.

Experi-
ment

numbers
1, 3, 5, 8,

14, 1^,
17, 20.

Specifi-
cation B.

Oil asphalts.

Specifi-

cation X.

Experi-
ment
number

10.

Experi-
ment

numbers
2, 4, 6, 7,

13,16,
18, 19.

Specifi-

cationY.

Experi-
ment

numbers
9,12,

Specific gravity 25''/25° C
Melting point °G
Penetration at 25° C., 100 grams, 5 seconds
Loss, 5 liours, 163° C, 20 grams per cent.

.

Penetration of residue, as above
Per cent of total bitumen insoluble in 86° B. naphtha
Fixed carbon per cent .

.

Soluble in CS2 (total bitrmien) do
Organic matter, insoluble do
Liorganic matter, insoluble do

1.043 1.054

117
2.36

57
23.45
12.48

71
2.60
34

24.50
12.66

1.046
50.5
102

0.25
63

26.79
13.92

96.65
1.17
2;18

96.86
1.07
2.07

99.90
0.07
0.03

Total. 100.00 100. 00 100.00

1.049
64
74

0.12
49

28.28
18.75

99.92
0.05
0.03

100.00

Table 9.—Analysis of refined coal tar used in bituminous gravel concrete.

Specific gravity 25° C/25° C 1. 226
Float test 50° C 2' 58"

Soluble in CS'j (total bitumen), per cent 87. 11

Free carbon, per cent 12. 80
Inorganic residue upon ignition, per cent 0. 09

Distillation (Engler flask). Character.
By vol-
ume. By weight.

Water
First light oUs (to 110° C)
Second light oils (110°-170° C)

.

Heavy oils (170°-270° C.)
Heavy oils (270°-300° C.)
Pitch.

Solid
...do
Hard, brittle..

Per cent.

0.0
0.0

Trace.
7.3
7.1
85.6

100.0

Per cent.

0.0
0.0

Trace.
5.8
5.7

88.5

100.0
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description op experiments.

Experiment No. 1.

—

Bituminous Macadam (Penetration Method); Sandstone
WITH Fluxed Native Asphalt A.

Location: Station —(1+61) to station 5+00.

Total length: 661 feet.

Total area: 1,202.2 square yards.'

The compacted gravel base described above had been under traffic

for 5 months before the experunental surface was begun. The base

was generally smooth and hard, but a few depressions had developed

;

tJiese were filled and the surface was cleaned and rolled. Three

inches of 1^-inch crushed sandstone was then spread by shovels from

piles along the road. The stone had the physical properties shown
in Table 4 and the mechanical analysis shown in Table 5. Uniform

spreading was accomphshed by the use of 3-inch cubical blocks

and all irregularities were subsequently brought to a true surface.

A 10-ton macadam roller was used to compact this stone layer, except

that whenever available an 8-ton tandem roller was used to advantage

for this purpose. The bituminous materialwas a fluxed native asphalt

of properties shown in Table 8. It was heated in 500-gaUon kettles

mounted on trucks. When the asphalt had reached a temperature

of 300° to 350° F. it was drawn off into 3^-gallon hand-pouring pots

and a uniform penetration coat of approximately 1.5 gallons to the

square yard applied. While the oil was stUl hot clean stone chips

were uniformly spread to fill the superficial voids and immediately

roUed, The chips were broomed to an even distribution and excess

chips removed as the rolling progressed.

A seal coat of hot asphalt approximately one-half gallon to the

square yard was then simUarily apphed. Chips were then applied in

such quantity as to leave a slight excess, and the surface was again

rolled. The mechanical analysis of the sandstone chips is shown in

Table 7. All the sandstone chips broke up immediately under rolling

and traffic.

ExPBEiJiENT Xo. 2.

—

Bituminous Macadam (Penetration Method); Sandstone

WITH Oil-Asphalt X.

Location: Station 5+00 to station 18+00.

Total length: 1,300 feet.

Total area: 2,599.7 square yards.^

The construction of this experiment was exactly as described for

Experiment No. 1, except that the asphaltic material was an oil

asphalt described in Table 8. A subdrain was constructed on the

right from station 12 + 50 to station 18 + 25. It was built with

6-inch beU and spigot joint tile pipe laid 4 feet below the finished

grade, and was covered to a depth of 12 inches with broken stone,

• Includes 27 squaroyarrla at end of cut-off. ^ Includes 289 square yards at beginning of cut-off.

52086°—Bull. 407—16 2
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on top of wliicli was placed a 10-inch course of cobble stones. The
drain was under the gutter line and was completed with a layer of

earth.

ExPEKiMENT No. 3.—^BiTtTMiNOtTS Macadam (Mixing Method); Sandstone with
Fluxed Native Asphalt A.

Location: Station 18+00 to station 28+10.
Length: 1,010 feet.

Total area: 1,867.8 square yards.

The compacted gravel base for this experiment had been under

traffic about 4 months before the surface was laid. A thin layer of

dust had developed and in a few instances the surface of the base

was not true to section. The section was revised by hand picking,

the addition of gravel to the hollows, and rolling. In general the

base presented a smooth, hard appearance and was thoroughly swept

with ordinary house brooms directly in advance of the placing of the

bituminous macadam. The stone was |-inch sandstone with physi-

cal properties and mechanical analysis as shown in Tables 4 and 6,

respectively. It was mixed with the hot bituminous material in the

proportions of 38 pounds of asphalt to 600 pounds of stone in a

semiportable mixing plant near station 95 + 00. The resulting per-

centage of asphalt to total weight of the mix was 5.95 per cent. The
mix was hauled in dump-bottom wagons to the point of placing and

dumped on spreading boards. It was spread at an average tempera-

ture of about 300° F. by shovels and rakes on the cleaned gravel base

to produce a compacted depth of 2 inches.

The mixing plant raised the aggregate by means of a bucket-belt

from a feeding pit into a heating cylinder, where it was heated. The
heated aggregate was then elevated to a storage bin, from which it

was run into a weighing hopper and thence into the mixing box.

The asphalt was heated in two kettles, each of 1,000 gallons capacity,

and dipped by ladles into a weighing kettle from which the hot

material could be poured into the mixing box. The pouring began

as the chute from the aggregate weighing hopper opened, while the

blades of the mixer revolved continuously. A full minute was the

minimum time of mixing, and the mixed material was then allowed

to drop into the dump wagon.

The resulting mix was very satisfactory, as all the particles of

aggregate were thoroughly coated. The temperature of the stone in

the weighing hopper was constantly tested by the hand, and the tem-

perature was checked at intervals by a thermometer, as was also the

temperature of the asphalt. No separation of the mix occurred

during the haul, and it arrived on the work almost without exception

at a temperature above 220° F.
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Immediately after the mixture was cooled sufficiently to avoid

" waving, " it was roUed with an 8-ton tandem roUer. A seal coat of

approximately one-half gallon of fluxed native asphaltA to the square

yard was then appMed by hand pouring pots, as described in experi-

ments Nos. 1 and 2. Sandstone chips approximately free from dust,

as indicated in the mechanical analjrsis of Table 7, were then spread

uniformlyin sufficient quantity to ffil the superficial voids, and broomed
with rattan brooms while the roller worked. A slight excess of chips

was appUed, which soon broke up into fine particles under traffic.

Experiment No. 4.

—

Bituminous Macadam (Mixing Method); Sandstone with
Oil-Asphalt X.

Location: Station 28+10 to station 38+10.

Total length: 1,000 feet.

Total area: 1,924 square yards.

This experiment was exactly similar to experiment No. 3, except

that oil-asphalt X of properties shown in Table 8 was used instead of

fluxed native asphalt. The maximum grade on this section is 4.92

per cent.

Experiment No. 5.

—

Bituminous Macadam (Penetration Method); Gneiss
wrTH Fluxed Native Asphalt A.

Location: Station 38+10 to station 50+45.

Total length: 1,235 feet.

Total area: 2,196.6 square yards.

This experiment was exactly similar to experiment No. 1, except

that '^H-inch" gneiss was used instead of sandstone. The mechan-
ical analysis of the crushed gneiss is shown in Table 5 and the phys-

ical properties of the stone in Table 4. The mechanical analysis of

the chips used is shown in Table 7. The chips broke up into fine

particles under traffic.

Experiment No. 6.

—

Bituminous Macadam (Penetration Method); Gneiss
WITH Oil-Asphalt X.

T/Ocation: Station 50+45 to station 58+45.

Total length: 800 feet.

Total area: 1,422.2 square yards.

ThLs experiment was exactly similar to experiment No. 5, except

that oil-asphalt X was used instead of fluxed native asphalt.
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Experiment No. 7.

—

^Bituminous Macadam (Mixing Method); Gneiss with
Oil-Asphalt X.

Location: Station 58+45 to station 71+78.

Length: 1,333 feet.

Total area: 2,369.8 square yards.

The crushed gneiss used in the bituminous mixture had the phys-

ical properties shown in Table 4 and of mechanical analysis shown in

Table 6. The mechanical analysis of the gneiss chips used on this

experiment is shown in Table 7. The experiment was otherwise

exactly similar to experiment No. 4.

Experiment No. 8.

—

^Bituminous Macadam (Mixma Method); Gneiss with
Fluxed Native Asphalt A.

Location: Station 71+78 to station 78+65.

Total length: 587 feet.

Total area: 1,221.3 square yards.

This experiment is exactly similar to experiment No. 7, except

that fluxed native asphalt A, with properties as shown in Table 8,

was used instead of the oil-asphalt.

Experiment No. 9.

—

^Bituminous Gravel Concrete, Pit-Run Gravel, with
Oil-Asphalt Y.

Location: Station 78+65 to station 89+50.

Total length: 1,095 feet.

Total area: 2,152.1 square yards.

Table 10.

—

Typical analyses of oil-asphalt gravel mixtures used in experiment No. 9.

I. II. in.

Bitumen soluble in CS^
Per cent.

6.4

5.7
16.9
17.1
12.6
8.5

10.3
11.0
6.5
6.2
0.8
2.2
2.2

Per cent.

6.9

6.7
11.4
19.9
12.2
6.5
10.5
11.4
8.9
6.1
0.8
2.8
2.8

Per cent.

7.5
Mechanical analysis of aggregate:

Passing 1-inch screen, retained on |-inch screen 4.4
Passing f-inch screen, retained on |-inch screen 12.8

18.6
13.9

Passing lO-mesh sieve, retained on 20-niesh sieve 6.5
8.6
11.1
7.2

Passing SO-mesh sieve, retained on SO-mesh sieve 6.4
1.0
3.4

Passing 200-raesh sieve 6.1

Total 100.0 100.0 100.0

The gravel base for this experiment had been open to travel several

weeks and was hard and smooth when surfacing commenced. Wh.er-

ever small depressions or irregularities had developed they were

corrected by hand picking and the application of new gravel, which

was thoroughly rolled.

The gravel used for the aggregate in the bituminous concrete was
a uniform dense gravel containing much fine material, as shown by
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the mechanical analysis in Table 6. It was taken exclusively from

the Garfield pit, where it was excavated by steam shovel and then

hauled 1,000 feet to a storage pile near station 95+00. It was fed

into the mixer through a 2-uich screen.

When the gravel was heated the clay formed a fine powder or dust

and much of it blew away in dropping the material from the storage

bin into the weighing hopper and from there into the mixing box.

The oil asphalt was mixed with the heated gravel in the proportions

of 36.5 pounds to 500 pounds of gravel. The resulting percentage

of bitumen by weight was approximately 6.8. Typical analyses of

the mixtui'e are given in Table 10.

The method of placing the bituminous gravel concrete was exactly

as described for the bituminous mixed macadam experiments with

stone aggregate. The depth of spreading was approximately 3

inches loose, and the compacted thickness was approximately 2

inches. The mix was allowed to set from 1 to 2 hours before rolling,

to avoid a wavy surface.

The rolled surface before sealing presented a smooth, dense appear-

ance, except for occasional smaU superficial pits. A seal coat of the

same asphaltic material used in the mix was apphed at a tempera-

ture of about 300° F. at the rate of one-half gallon to the square yard.

Clean pea gravel was at once spread uniformly and the surface rolled.

The maximum grade for this section is 5.24 per cent.

Experiment No. 10.

—

^Bituminous Gravel Concrete. Pit-Run Gravel with
Fluxed Native Asphalt B.

Location: Station 89+50 to station 118+10.

Totallength: 2,860 feet.

Total area: 5,445.2 square yards.

This experiment was constructed exactly as experiment No. 9,

except that fluxed native asphalt B was used instead of oil asphalt.

Typical analyses of the mixture are given in Table 11, The maxi-

mum gi-ade is 4.08 per cent.

Experiment No. 11.

—

Bituminous Gravel Concrete. Pit-Run Gravel with
Repined Tar.

Location: Station 118+10 to station 126+95.

Totallength: 885 feet.

Total area: 1,573.3 square yards.

This experiment was constructed exactly as experiments Nos. 9

and ] 0, except that a refined tar was used throughout. The analysis

of the tar is given in Table 9. The proportions of the mix were 43

pounds of tar to 500 pounds of gravel, which resulted in a percentage

of 7.92 of tar to total weight of mixture. Typical analyses of the

mixture are presented in Table 12.
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Table 11.

—

Analyses of typical samples offluxed native asphalt gravel mix used in experi-

ment No. 10.

m.

Bitumen soluble in CS^
Mineral aggregate:

Passing IJ-inch screen, retained on 1-inch screen. .

.

Passing 1-inch screen, retained on |-inch screen
Passing |-inch screen, retained on |-inch screen
Passing |-inch screen, retained on J-inch screen
Passing |-inch screen, retained on lO-mesh sieve . .

.

Passing lO-mesh sieve, retained on 20-mesh sieve. .

.

Passing 20-mesh sieve, retained on 30-mesh sieve. .

.

Passing 30-mesh sieve, retained on 40-mesh sieve. .

.

Passing 40-mesh sieve, retained on 50-mesh sieve. .

.

Passing 50-mesh sieve, retained on 80-mesh sieve. .

.

Passing 80-mesh sieve, retained on 100-mesh sieve.

.

Passing 100-mesh sieve, retained on 200-mesh sieve.
Passing 200-mesh sieve

Total.

Per cent.

6.39

7.5
18.0
13.4
7.0
8.8

11.1

9.3
6.3
1.8
3.2
4.7

Per cent.

7.11

3.3
2.7
12.7
18.7
12.1
5.9
8.0
11.2
7.4
7.2
.8

3.3
6.7

100.0

Per cent.

7.26

5.2
9.9
19.4
14.5
7.3

11.5
13.4
7.3
5.8
.8

2.1
2.8

100.0

Table 12.

—

Typical analyses of tar-gravel m,ixtures used in experiment No. 11.

Bitumen soluble inCS^
Mineral aggregate:

Passing 2-inch screen, retained on IJ-inch screen.. .

.

Passing Ij-tnch screen, retained on IJ-inch screen. .

,

Passing l^-inch screen, retained on 1-inch screen
Passing 1-inch screexi, retained on J-inch screen
Passing |-inch screen, retained on §-inch screen
Passing ^inch screen, retained on i-inch screen
Passing J-inch screen, retained on 10-mesh sieve
Passing 10-mesh sieve, retained on 20-mesh sieve. .

.

Passing 20-mesh sieve, retained on 30-mesh sieve . .

.

Passing 30-mesh sieve, retained on 40-mesh sieve. .

.

Passing 40-mesh sieve, retained on 50-mesh sieve . .

.

Passing 50-mesh sieve, retained on 80-mesh sieve . .

.

Passing 80-mesh sieve, retained on lOO-mesh sieve.

.

Passing lOO-mesh sieve, retained oq 200-mesh sieve.
Passing 200-mesh sieve

Total.

Per cent.

7.1

13.3
11.4
11.7
13.1
8.5
9.6
11.0
8.5
6.1

1.1

3.0
2.7

Per cent.

7.6

5.8
0.0
4.0
4.7
9.7
15.5
12.5
7.2
9.6
10.6
8.1
5.9
.6

3.0
2.8

100.0 100.0

EXPEKIMENT No. 12.—^BITUMINOUS GrAVEL CONCRETE.

Oil-Asphalt Y.

Pit-Run Gravel with

Location: Station 126-f 95 to station 153-f00.

Total length: 2,605 feet.

Total area: 4,711.1 square yards.

This experiment was exactly the same as experiment No. 9.

Experiment No. 13.

—

Bituminous Macadam (Penetration Method).
WITH Oil-Asphalt X.

Trap Rock

Location: Station 153+50 to station 163-1-00.

Length: 950 feet.

Total area: 1,688.9 square yards.

The base for the surface experiment was an old bituminous-

macadam road, which was scarified, reshaped, and rolled with a

10-ton roller. The old road crown varied from 2 to 6 inches, but
was reshaped without difficulty. From stations 153 + 53 to 158 + 50
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an extra depth of about three-fourtlis of an inch of trap was spread,

so that the total depth of stone averaged nearly 4 inches loose. The
''1^-inch" crushed trap used was of physical properties and mechanical

analysis shown in Tables 4 and 5, respectively. The oil-asphalt

analysis is given in Table 8. The mechanical analysis of the trap

screenings or chips is shown in Table 7.

The experiment was constructed otherwise as previously described

for the penetration macadam experiments with sandstone and gneiss.

Experiment No. 14.

—

Bituminous Macadam (Penetration Method). Trap rook
WITH Fluxed Native Asphalt A.

Location: Station 163+00 to station 173+00.

Length: 1,000 feet.

Total area: 1,777.8 square yards.

This experiment was constructed exactly like experiment No. 13,

except that fluxed native asphalt was used instead of oil asphalt, and

that the extra depth of stone for the base was not required.

Experiment No. 15.

—

Bituminous Macadam (Mixing Method). Trap Rock with
Fluxed Native Asphalt A.

Location: Station 173+00 to station 182+80.

Total length: 980 feet.

Total area: 1,742.2 square feet.

This experiment was constructed on the same kind of base as

experiments Nos. 13 and 14. Trap rock of physical properties and
mechanical analysis shown in Tables 4 and 6, respectively, and trap

chips of mechanical analysis shown in Table 7 were used. Otherwise

the construction was similar to that of experiments Nos. 3 and 8.

The mixing plant was located near station 215 + 00.

Experiment No. 16.

—

Bituminous Macadam (Mixing Method). Trap Rock with
Oil-Asphalt X.

Location: Station 182+80 to station 192+00.

Length: 920 feet.

Total area: 1,621.4 square yards.

This experiment was constructed on the same kind of base as

experiments Nos. 13, 14, and 15. From station 187 + 00 to station

190 + 50, 84.5 tons of " 1^-inch" trap was added to the foundation in a

uniform layer and rolled with a 10-ton roller. This spread stone was
imfortunately traveled over for nearly 30 days and it became some-
what rounded before the surface was laid. It was necessary to replace

the old pipe culvert at station 189 + 64, and bad weather during the

progress of the work caused considerable settlement of the adjacent

fill before the new culvert was completed.

The experiment was exactly like experiment No. 15, except that

oil-asphalt was used instead of fluxed native asphalt. Mixing for

the area between stations 182 + 80 and 192 + 00 was done at position
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No. 2 of the mixing plant at station 95 + 00, and some bituminous

material was lost in the long haul. The analysis of the fluxed native

asphalt is shown in Table 8.

Experiment No. 17.

—

Bituminous Macadam (Penetration Method). Granite

WITH Fluxed Native Asphalt A.

Location: Station 192+00 to station 200+00.

Total length: 800 feet.

Total area: 1,422.2 square yards.

The base of this section consisted primarily of an old water-bound

trap macadam road, which was scarified and reshaped. It was

necessary to widen the old road an average of 2 feet. The added

width of base was of "1^-inch" granite, which was also used to

supplement a few weak spots in the old macadam base. The entire

base was thoroughly rolled and compacted by a 10-ton roller. No
binder was used.

The method of laying the surface in this experiment was exactly

similar to that of experiment No. 13. The materials used, however,

were fluxed native asphalt A and '' IJ-inch" granite. The properties

of the asphalt are shown in Table 8, and the physical properties and

mechanical analysis of the granite are shown in Tables 4 and 5,

respectively. The mechanical analysis of the chips used is shown in

Table 7.

Experiment No. 18.

—

Bituminous Macadam (Penetration Method). Granite
with Oil-Asphalt X.

Location: Station 200+00 to station 208+89.

Total length: 889 feet.

Total area: 1,580.4 square yards.

The base of this experiment from stations 200 + 00 to 201+00 was
similar to that described for experiment No. 17, From stations

201 +00 to 208 + 89 the old macadam was entirely removed to revise

the grade, and a base of "IJ-inch" granite was laid to a loose depth

of 6 inches and thoroughly compacted by a 10-ton niacadam roller

without the addition of any binder.

In other particulars this experiment was exactly similar to experi-

ment No. 17, except that an oil-asphalt X was used with properties

as shown in Table 8, instead of fluxed native asphalt.

Experiment No. 19.

—

Bituminous Macadam (Mixing Method). Granite
with Oh-Asphalt X.

Location: Station 215+28 to station 225+10.

Total length: 982 feet.

Total area: 1,728 square yards.

The base of this experiment was an old water-bound trap-rock mac-
adam road, rather badly out of shape. It was scarified and reshaped

from station 219 + 00 to the end of the experiment. From stations
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215 + 28 to 219 + 00 it was necessary to remove entirely the old mac-
adam base to correct the profile, and a new base was built of "l^-

inch" granite spread to a loose depth of 6 inches and rolled with a

10-ton roUer until compacted, without the addition of any binder.

The surface was exactly similar to that in experiment No. 16,

except that the stone was granite, with physical properties and
mechanical analyses as shown in Tables 4 and 6, respectively. The
mechanical analyses of the chips used are shown in Table No. 7. The
percentage of the weight of asphalt to the total weight of asphalt and
stone was 6.73. The mixing was done near station 215 + 00.

Experiment No. 20.

—

Bituminous Macadam (Mixing Method).
WITH Fluxed Native Asphalt A.

Gkanite

Location: Station 225+10 to station 235+50.

Total length: 1,040 feet.

Total area: 1,866.7 square yards.

The base of this experiment was an old trap-rock water-bound

macadam road, which was scarified and reshaped. Considerable

extra stone C'lJ-inch" granite) was added from stations 229+ 00

to 234 + 00 to supplement weak places ia the old macadam.
The surface was laid exactly as in experiment No. 19, except that

fluxed native asphalt of the analysis shown in Table 8 was used

instead of oil-asphalt.

SUMMARY OF COST DATA FOR ENTIRE PROJECT.

The cost data for the experiments described above are presented in

the tables which follow, Nos. 13 to 23.

Table 13.

—

Cost datafor subgrade,

[Subgrade, stations -(1+61) to 235+50.]

Items.
Clearing
and

grubbiag.

Excava-
tion.

Sliaping.
Scarifying

and
reshaping.

Rolling.
Subgrade,
complete.

Qnantity
Acres.
5.0000

Cubic yards.

28,575
Square yds.

45,835
Square yds.

11,378
Square yds.

67, 213
Square yds.

1 42 111

Labor $125.57 S8,237.71
287.05

$.3,a35.83 $348.17
6.80

$72. 74
30.55

$11,820.02
324.40Materials

Total 125.57 8,524.76 3,035.83 354.97 103. 29 12 144.42

Unit cost
Acre.
$25. 114

.22

Cubic yard.
$0. 298.3

15. 24

Square yard.
$0.0662

5.42

Square yard.
.$0.0312

.64

Square yard.

$0.0018
.19

Square yard.
$0. 2884

Per cent of total cost 21.71

52086°—Bull. 407—1(

1 Does not include shoulders.

—3
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Table 14.—Cosi datafor gravel shoulders.

[Gravel Moulders, stations -(1+61) to 2354-50.]

Items.
Gravel in

pit.

Loosen
and load.

HauL Spread. RoUing.
Gravel

shoulders
complete.

Tom.
984.59

Tom. Tom. Square yds.

5,220
Square yds.

6,220
Square yds.

6,220

$85.23
5.10

$293.07 $111.17 $7.50
3.15

$496. 97
$65.64 73.89

Total 65.64 90.33 293.07 111.17 10.65 670. 86

Cost per square yard $0.0126
.12

$0.0173
.17

$0.0561
.52

$0.0213
.20

$0.0020
.02

$0. 1093

Per cent of total cost 1.02

Table 15.

—

Cost data/or draivfige structures.

[Drainage, stations -(1+61) to 235+50.]

Items.
Concrete
bridge.

Concrete
culverts.

Pipe
culverts.

French,
drain.

Cobble
drain.

Open
drain.

Concrete
gutter.

Drainage
system.

Cu. yds.

219.22
Cu. yds.

127.87
Linearft.

568
Linearft.

705
Linearft.

162
Linearft.

1,850
Cu. yds.i

46.54

$1,453.12
1,879.44

$738. 16
897.95

$477. 74
684.08

$508.39
217. 73

$69.99 $116. 42
22.60

$138. 60
173. 27

$3,502.42
3,875.07

Total 3,332.56 1,636.11 1,161.82 726. 12 69.99 139. 02 311.87 7, 377. 49

Per cent of total cost. 5.96 2.92 2.07 1.30 .12 .25 .56 13.18

1 718 linear feet.

Table 16.

—

Cost datafor incidentals.

[Incidentals, stations —(1+61) to 235+50.]

Items.
Superin-
tendence.

Equip-
ment.

Extra
work.

Guard
rail.

Waste
bitumen.

Miscellar
neous.

Bound-
ary

stones.
TotaL

Labor $2,544.91 $709.84
158.72

$440.74
517.35

$16.49
573.19

$396.65
32.55

$42.16
17.85

$4,150.79
1,299.66

3, 120. 71
Interest, rental, de-
preciation $3,120.71

Total 2,544.91 3, 120. 71 868.56 958.09 589. 68 429.20 60.01 8, 571. 16

Per cent of total cost. 4.55 5.58 1.55 1.71 L05 .76 .11 15.31

Table 17.

—

Cost dataforfoundation course.

[Foundation course, stations —(1+61) to 235+50.]

Items. Material.
Loosen
and load.

Haul. Spread. Rolling.
Founda-
tion com-
plete.

QiiflTitity

Tom.
9, 736. 68

Tom.
1,675.32

Tom.
1,675.32

Sq. yds.

41,886.90
Sq. yds.

41,886.90
Sq. yds.

41,886.90

Labor $807. 94
41.65

$1,694.02 $756.01 $134. 75
56.51

$3, 392. 72

$1,573.15 1, 671. 31

Total 1,573.15 849. 59 1,694.02 756.01 191.26 5,064.03

0.0376
2.81

0.0203
1.52

0.0404
3.03

0.0180
1.35

0.0046
.35

0.1209
Per cent of total cost .

.

9.06
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Table 18.

—

Cost datafor surfacing.

[Surfacing, stations —(1+61) to 235 +50.]i

Items.
Stone on
work.

Spread-
ing

stone.

Bitumen
on work.

Applica-
tion of

bitumen.
RoUing.

Surfac-
iag, com-
plete.

Tom.
5,735.68

Tons.
5,735.68

Gallons.

90,557
Sq. yds.

42, 111. 90
Sq. yds.

42, 111. 90
Sq. yds.

42, 111. 90

S2, 139. 58
6,601.98

$944.82 $209. 26
8,274.42

$3,588.30
180. 32

$213. 34
89.25

$7, 095. 30
15, 145. 97

Total 8,741.56 944.82 8,483.68 3,768.62 302. 59 22,241.27

Ton.
$1. 5240

15.62

Ton.
$0. 1647

1.69

Gallon.
$0. 0937

15.16

Sq. yd.

$0. 0895
6.73

Sq. yd.

$0.0072
.54

Sq. yd.

$0. 5281
39.74

1 Average over all experiments.

Table 19.

—

Materials and cost data per square yard for bituminous macadam by the

penetration method.

6

1
Station.

Description. Quantity of material.

Stone. Bitumen.
Length

of

section.

Area of

section.
Stone. Chips.

Bitu-
men.

1

2
5
6

13

-(1+61) to 5+00
5+00 to 18+00
38+10 to 50+45
50+45 to 58+45
153+00 to 163+00
163+00 to 173+00
192+00 to 200+00
200+00 to 208+89

Sandstone
...do
Gneiss
...do
Trap

Asphalt A
Asphalt X
Asphalt A
Asphalt X

-do . . . .

Feet.
661

1,300
1,235

800
950

1,000
800
889

Sq. yards.
1, 202. 22

2, 599. 67
2,195.56
1,422.22
1,688.88
1,777.78
1,422.22
1,580.45

Tons.
0.134
.134
.098
.098
.122
.122
.117
.117

Tons.
0.022
.022
.018
.018
.033
.033
.025
.025

Gallons.
2.17
2.04
2.03
2.12
2.03

14
17

...do
Granite

Asphalt A
.do

2.02
2.12

18 ...do Asphalt X 1.92

a
o
a

Station.

Cost per square yard (cents).

— 6

r Stone
on

siding.

Unload-
ing stone.

Haul-
ing

stone.

Spread-
ing stone.

Chips on
si<Hng.

Unload-
ing chips.

Haul-
ing

chips.

Spread-
ing chips.

1 -(1+61) to 5+00
5+00 to 18+00
38+10 to 50+45
50+45 to .58+45
153+00 to 163+rK)
163+C>0 to 173+00
192+00 to 2fXJ+00
2fXJ+00 to 208+89

30.66
30.6,5

11.78
11.78
15. 25
15.24
16. 75
16.75

8.61
8.60
1.89
1.90
3.05
3.05
4.10
4.11

L45
L43
.72
.75
.89
.89

1.91
1.91

5.11
5.11
2.10
2.10
6.14
6.14
3.55
3.56

1.44
1.43
.34
.34
.83
.83
.87
.87

1.55
2 L57
5 1.84
6 1.89
13
14
17
18

2.21
2.21
1.89
1.90

0.60
.60
.40
.40

1.77
1.78
1.24
1.25

6

Station.

Cost per square yard (cents).

1

w

Bitumen
on siding.

Hauling
bitumen.

Loading
and

heating
Vjitumen.

Apply-

bitumen.

Rolling
penetra-

tion
stone.

Rolling
penetra-
tion and

seal.

Total
cost.

1

2
5
6

13
14

17

18

-(1+61) to .5+00
5+fX)to 18+00
38+10 to 50+45
.50+45 to .58+45
153+Of) to 163+00
163+fKJ to 173+00
K»2+fX) to 2^)0+00
2fKJ+W to 208+89

26.71
1.3.27

24.95
13.78
13.16
2.5. 51

26.93
12.52

..50

.47

.47

.49

.47

.47

.49

.44

1.70
1.59
1.2fi

1.32
1.29
1.39
1.71

1.55

1.78
1.67
1.85
1.93
1..50

1.62
2.02
1.84

.21

.22

.12

.13

.56

..56

.50

.50

41

42
42
44
69
69
68
69

80.13
66.43
47.74
36.85
48.41
68.98
63.04
48.29
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Table 20,

—

Total inaterials and costs for bituminous macadam by the penetration method.

6

Station.

Description.
Quantity of material per

square yard.

1

1
Stone. Bitumen.

Length
of sec-
tion.

Area of sec-

tion.
Stone. Chips. Bitumen.

1

2
5
6

13

-(1+61) to 5+00
5+00 to 18+00
38+10 to 50+45
50+45 to 58+45
153+00 to 163+00
163+00 to 173+00
192+00 to 200+00
200+00 to 208+89

Total

Sandstone
...do
Gneiss
....do
Trap

Asphalt A .

.

Asphalt X .

.

Asphalt A .

.

Asphalt X..
...do

Feet.

661
1,300
1,235
800
950

1,000
800
889

Sq. yds.
12,102.22
2 2, 599. 67
2,195.56
1,422.22
1,688.88
1,777.78
1,422.22
1,580.45

Tom.
160.94
348.00
214.39
138.82
206.07
216.86
166. 53
185.02

Tons.
26.82
58.00
38.28
24.79
56.02
59.18
35.27
39.28

Gallons.
2,610
5,310
4,455
3,015
3,420

14

17
...do
Granite . .

.

Asphalt A .

do
3,600
3,015

18 ...do Asphalt X.. 3,044

7,635 13,889.00 1,636.63 337.64 28,469

d

Station.

Total costs.

1 Stone on
siding.

Unload-
ing

stone.

Haul-
ing

stone.

Spread-
ing stone.

Chips
on sid-

ing.

Unload-
ing chips.

Haul-
ing

chips.

Spread-
ing chips.

1 -(l+61)to 5+00
5+00 to 18+00
38+10 to 50+45
50+45 to 58+45
153+00 to 163+00
163+00 to 173+00
192+00 to 200+00
200+00 to 208+89

Total

$368.55
796.92
258. 58
167.43
257.59
271.07
238. 14

264.58

'$37."32'

39.27
26.92
30.02

$103.42
223.53
41.65
27.07
51.49
54.17
58.24
64.96

$17.46
37.09
15.71
10.69
15.04
15.84
27.21
30.16

$61.42
132. 82
46.06
29.83

103. 64
109. 48
50.44
56.17

$17.34
37.26
7.41
4.89
13.99
14.79
12.32
13.81

$18. 73
2 40.72
5 40.41
6 26.94

13
14

17
18

$10.14
10.71
5.69
6.39

29.88
31.59
17.67
19.81

2,622.86 133.53 624.53 169.20 589.86 32.93 121.81 225. 75

o'

Station.

Total costs.

1 Loading RoUing Rolling
Bitumen Hauliag and heat- Applymg penetra- penetra- Total
on siding. bitumen. ing bitu- bitumen. tion, tion and cost.

men. stone. seal.

1 -(l+61)to 5+00 $321.03 $6.03 $20.41 $21.41 $2.52 $4.89 $963.21
2 5+00 to 18+00 345. 15 12.27 41.43 43.48 5.64 10.88 1, 727. 19
5 38+10 to 50+45 547.97 10.29 27.74 40.53 2.67 9.28 1,048.30
6 50+45 to 68+45 195.97 6.97 18.81 27.47 1.78 6.19 524.04

13 153+00 to 163+00 222.30 7.90 21.81 25.35 9.51 11.67 817.63
14 163+00 to 173+00 453. 60 8.32 24.70 28.75 10.01 12.30 1,084.60
17 192+00 to 200+00 382.91 6.97 24.25 28.79 7.07 9.74 896.36
18 200+00 to 208+89

Total

197.86 7.03 24.43 29.01 7.84 10.85 762.92

2,666.79 65.78 203.58 244.79 47.04 75.80 7,824.25

1 Includes 27 square yards end of cut-ofi north. s Includes 289 square yards end of cut-ofE south.
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Table 21.

—

Materials and cost data per squareyardfor bituminous macadam by the mixing
method, and bituminous concrete surfaces.

6

4-3

q
Station.

Description.
Quantity of material per

square yard.

1
Stone. Bitumen.

Length
of

section.

Area of
section.

Stone. Chips.
Binder
bitu-
men.

Seal
bitu-
men.

3

4
18+00 to 28+10
28+10 to 38+10
58+45 to 71+ 78
71+ 78 to 78+65
78+65 to 89+50
126+95 to 153+00
89+50 to 118+10
118+10 to 126+95
173+00 to 182+80
182+80 to 192+00
215+28 to 225+10
225+ 10 to 235+50

Sandstone
...do.

Asphalt A .

.

Asphalt X .

.

do

Feet.

1,010
1,000
1,333
687

/ 1,085

\ 2,605
2,860

885
980
920
982

1,040

Sq. yds.

1,867.78
1, 924. 00
2,369.78
1,221.33

}6,863.22

2,445.22
1,573.34
1,742.22
1,621.34
1,728.00
1,866.67

Tons.
0.143
.137
.108
.108

.140

.114

.130

.118

.119

.085

.085

Tons.
0.020
.020
.013
.013

.007

.007

.007

.023

.024

.014

.014

Oallons.
1.66
1.59
1.59
1.58

1.96

1.54
1.79
1.57
1.54
1.75
1.74

Oallons.
0.48
.51
.51

8
9
12
10
11

...do

lGravel

...do

...do
Trap
...do
(rranltp.

Asphalt A...

Asphalt Y...

Asphalt B...
Tar

.52

.60

.48

.50
15
16
19

Asphalt A...
Asphalt X .

.

.do...

.50

.46

.56
20 ...do Asphalt A... .51

Station.

Cost per square yard (cents).

Stone
on

siding.

Un-
load-
ing

stone.

Hauling Chips
on

siding.
stone.

9.18 4.65
8.78 4.55
2.92 1.64
2.92 1.64

2.23 .76

1.80 .76
2.05 .75

1.22 4.32
1.23 4.36

1.98
1.98

Un-
load-
ing

chips.

Binder Hauling
Hauling bitu- binder
chips. men on bitu-

siding. men.

1.30 20.44 0.38
1.27 10.32 .37
.36 10.31 .36
.36 19.43 .37

.74 11.56 .45

.73 19.56 .36

.75 17.92 .41

.24 19.98 .36

.24 10.02 .36

.31 11.34 .40

.31 22.10 .40

bitu-
men on
siding.

18+00 to
28+10 to
58+45 to
71+ 78 to
78+65 to
126+95 to
89+50 to
118+lOto
173+ 00 to
182+80 to
215+28 to
225+10 to

28+10
38+10
71+ 78

78+ 65
89+50
153+ 00
118+10
126+95
182+80
192+00
225+10
235+50

32.85
31.29
13.54
13.55

.76

.87
17.08
17.19
12.15
12.15

1.06

.86

.98
1.96
1.98
1.41
1.41

0.39
.39

.23

.23

5.90
3.31
3.31
6.40

2.95

6.10
5.00
6.35
2.99
3.64

Station.

Cost per square yard (cents).

I

1

Ilauling
seal
bitu-

men.

Heating
and

mixing.

Hauling
mix.

Spread-
ing
mix.

Rolling
mix.

Applying
seal

bitumen.

Spread-
ing

chips.

Rolling
seal.

Total
cost.

3
4
7

8
9
12
10
11

15

16
19
20

18+00 to 28+10
28+10 to 38+10
58+45 to 71+ 78

71+78 to 78+65
78+65 to 89+50
126+95 to 153+00
89+50 to 118+10
118+1010 126+95
173+ 00 to 182+ XO
182+80 to 192+ 0(J

215+28 to 22.5+ If/

225+10 to 235+.50

0.11
.12
.12

.12

} -
.11

.12

.12

.11

.13

.12

6.38
6. .33

6.77
6.77

7.02

7.02
7. 03

6.57
6. 59

10.fJ5

10.01

5.26
5.19
3.02
3.02

2.71

2.71
2.72
4. 50
4. 53
5.51
5.48

1.19
1.17
1.02
1.02

1.17

1.17
1.17
1.12
1.12
2.98
2.96

0.24
.32
..34

.33

.39

.39

.40

.38

..38

1.09
1.09

0.55
.60
.91

.94

.84

.82

.86

.50

.50
1.67
1.64

0.52
.54
.80
.80

.46

.46

.45

.57

.57

.83

.83

0.08
.11

.15

.14

.14

.13

.14

.11

.10

..54

.54

88.98
74.27
45.67
57.81

33.54

43.74
41.62
65.77
52.66
64. 26
67, 73
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Table 22.

—

Total materials and costs for bituminous macadam by the mixing method
and bituminous concrete surfaces.

6

Station.

Description.
Quantity of material per square

yard.

a

Stone. Bitumen.
Length
of sec-

tion.

Area of

section.
Stone. Chips.

Binder
bitu-
men.

Seal
bitu-
men.

3

4

7

8

9
12
10
11

15
16
19

18+00 to 26+10
28+10 to 38+10
58+45 to 71+78
71+78 to 78+65
78+65 to 89+50
126+95 to 153+00
89+50 to 118+10
118+10 to 126+95
173+00 to 182+80
182+80 to 192+00
215+28 to 225+10
225+10 to 235+50

Total

Sandstone
...do
Gneiss
...do

JGravel—
...do
...do
Trap
...do

Asphalt A..
Asphalt X.

do
Asphalt A..

Asphalt Y.

Asphalt B..
Tar
Asphalt A..
Asphalt X.

do

Feet.

1,010
1,000
1,333
687

/ 1, 085

\ 2,605
2,860

885
980
920
982

1,040

Sq. yds.

1,867.78
1, 924. 00
2, 369. 78
1,221.33

|6,863.22

5,445.22
1, 573. 34
1, 742. 22
1,62L34
1, 728. 00
1,866.67

Tom.
267. 54
262. 92
256. 70
132. 32

969.60

618.20
204.10
205. 14
192. 18
146. 84
158. 66

Tons.
37.56
38.22
31.64
16.30

47.09

37.23
10.68
40. 72
38.07
23.89
25.81

Galls.

3,104
3,055
3,759
1,929

13,442

8,388
2,818
2,740
2,500
3,016
3,249

Galls.

896
981

1,208
635

3,431

2,614
786
871
746
968

20 ...do Asphalt A.. 952

3,414.20 347. 21 48,000 14 088

d

Station.

Total costs.

1
ft

Stone on
siding.

Un-
loading
stone.

Haul-
ing

stone.

Chips
on

siding.

Un-
loading
chips.

Haul-
ing

chips.

Binder
bitumen

on
siding.

Haul-
ing

binder
bitu-
men.

Seal
bitu-
men
on

siding.

3

4

7

8

9
12
10
11

15

16

19

20

18+00 to 28+10
28+10 to 38+10
58+45 to 71+ 78
71+78 to 78+65
78+65 to 89+50
126+95 to 153+00
89+50 to 118+10
118+10 to 126+95
173+00 to 182+80
182+80 to 192+00
215+28 to 225+10
225+10 to 235+50

Total

S613.67
602. 09
320. 87
165. 41

1 64. 64

41.21
13.61

297.45
278. 66
209. 98
226. 89

S72. 92

46.50
15.35
34.19
32.03
24.34
26.33

$171. 50
168. 93
69.15
35.74

153. 42

97.81
32.31
21.36
20.02

S86.01
87.52
38.92
20.05

52.27

41.33
11.85
75.33
70.43
34.16
36.91

"'S6.'79'

6.35
3.97
4.31

S24 31
24.51
8.68
4.36

50.69

39.82
11.84
4.18
3.92
5.40
5.85

S381. 79
198. 58
244.29
237.27

793. 08

1,065.15
281.80
347. 98
162. 50
196. 04
412. 62

S7.17
7.06
8.69
4.46

31.06

19.38
6.61
6.33
5.78
6.97
7.51

SllO. 21

63.76
78.52
78.10

202.43

331.98
78.60
110.62
48.49
62.92
120.90

2,834.48 251.66 770.24 554. 78 21.42 183.46 4,321.10 110.92 1,286.53

d

Station.

Total costs.

4J

a
Haul-
ing Heating

Hauling
Spread- Roll-

-'Apply-

ing Spread- Roll- Total
M seal and mg ing seal ing mg cost.

ft bitu- mixing. mix. mix. bitu- chips. seal.

men. men.

3 18+00 to 28+10 S2.07 S119. 21 S98. 21 S22. 22 S4.47 SIO. 15 S9.63 SI. 49 81,662.11
4 28+10 to 38+10 2.27 121. 77 99.79 22.58 6.18 11.55 10.32 2.06 1,428.97
7 58+45 to 71+ 78 2.79 160.39 71.65 24.15 7.99 21.51 18.98 3.53 1,080.11
8 71+78 t<J 78+65 1.47 82.63 36.91 12.44 3.99 11.46 9.78 1.76 705.83
y
12

78+65 to 89+50
126+95 to 153+00 \ 7.93 481. 88 185.98 80.53 27.10 57.78 31.44 9.24 2,302.29

10 89+50 to 118+10 6.04 382. 11 147.42 63.83 21.33 45.45 24.85 7.29 2,381.50
11 118+10 to 126+95 1.82 110. 60 42.72 18.49 6.27 13.60 7.13 2; 15 654.65
15 173+00 to 182+80 2.01 114.51 78.47 19.47 6.60 8.72 9.91 L85 1,145.77
16 182+80 to 192+00 1.72 106. 90 73.41 18.21 6.18 8.05 9.32 1.70 853.67
19 215+28 to 225+10 2.24 173. 63 95.17 51.46 18.74 28.85 14.33 9.37 937. 57
20 225+10 to 235+50

Total

2.20 186.85 102. 27 55.31 20.31 30. 65 15.49 10.15 1,264.55

32.56 2, 040. 48 1,032.00 388. 69 129.16 247.77 161. 18 50.59 14, 417. 02
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PRICES OF LABOR AND MATERIALS.

The above cost data are based upon the following unit costs for

labor and for materials (f . o. b. nearest siding)

:

Common labor, per day, $1 to $2.

Skilled labor, per day, $2.50 to $3.

Teams, per day, |4 to $4.50.

Foremen, per day, $2 to $2.50.

Carpenters, per day, 12.25 to $4.50.

RoUermen, per month, $65 to $75.

Mixing-plant engineer, per month, $80.

Motor-truck drivers, per month, $100.

Steamshovel engineer, per month, $150.

Foremen, per month, $75 to $150.

Timekeeper, per month, $80.

Superintendent, per month, $150.

Sandstone, all sizes, per ton, $1.37.

Gneiss, 1^-inch, per ton, $1.21.

Gneiss, |-inch, per ton, $1.25.

Gneiss chips, per ton, $1.85.

Trap, IJ-inch, per ton, $1.25.

Trap, f-inch, per ton, $1.45.

Trap chips, per ton, $1.85.

Granite, all sizes, per ton, $1.43.

Gravel, pit-run, per ton, $0.06f

.

Gravel, pea, per ton, $1.11.

Asphalt A, per gallon, $0,123 and $0,127.

Asphalt B, per gallon, $0,127.

Asphalt X. per gallon, $0.65.

Asphalt Y, per gallon, $0,059.

Refined tar, per gallon, $0,100.

Cement, per barrel, $1.65.

Washed gravel, per ton, $0.95.

Sand, per ton, $0.83.

Lumber, per thousand, $17 to $26.

Reinforcing steel, per pound, $0.02.

Coal, per ton, $3.75 to $4.25.

Wood, fuel, slabs, per load, $1.

Cast-iron pipe, 10-inch, per foot, $0.75.

Cast-iron pipe, 12-inch, per foot, $0.85

and $0.88.

Cast-iron pipe, 16-inch, per foot, $1.16.

Cast-iron pipe, 18-inch, per foot $1.58.

Corrugated-metal pipe, 15-inch, per

foot, $0.66f , $0.67, $0.99i^, and $1.00.

Corrugated metal pipe, 18-inch, per

foot, $0.65, $0.78J, and $1.15.

Corrugated metal pipe, 24-inch, per

foot, $0.93f and $1.26.

Additional items of depreciation, repairs, interest, and rental on equipment:

Steam shovel $735. 00

Industrial railway equipment 200. 00

Pile driver 50. 00

Mixing plant 65L 21

Penetration equipment 208. 00

Rollers 750. 00

Wagons 105. 00

Plows, scarifier, hand tools, scales 421. 50

Table 23 gives the results of a traflB.c census taken before and after

improvement of the road.

Table 23.— Volume and character of traffic on Mount Vernon Avenue at Mount Ida.

Average before
improvement.!

North. South

Average after

improvement.^

North. South.

Loaded 1-horse wagon
UnloafJed 1-horse wagon
Loaded 2-horse wagon
Unloadci 2-horse wagon. .

.

Loaded 4-horse wagon
Unloaded 4-horse wagon. .

.

1-horse pleasure vehicle
2-horse pleasure vehicle
Uubber-lired horse vehicle.
Saddle horse
Motor cycle
Excessively heavy vehicle.
Motijr runabout
Motor touring car
Ivoaded motor dray
Unloa/ied motor dray

» Average of 8 days In March and 7 days In June, 1915. ' Average of 7 days in December, 1915.
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EXPERIMENTS ON FALLS ROAD, MONTGOMERY COUNTY, MD.

SURFACE TREATMENT (OILS, TAR PREPARATIONS, REFINED TARS).

In the summer of 1913 a series of bituminous surface treatments

was applied to Rockville Pike in Montgomery County, Md. The
original report of these experiments is given in U. S. Department of

Agriculture Bulletin No. 105 and a subsequent report of behavior

was made in Department Bulletin 257. In order to make it possible

to check the data secured from several of these experiments, another

series of comparative test sections was constructed on the FaUs
Road, leading from Rockville to Potomac, Md. In the FaUs Road
series, sections 1, 2, 4, and 5 were treated with bituminous materials

similar to those used on Rockville Pike sections 3, 5, 2, and 1, respec-

tively. The coal-tar preparation selected for Experiment No. 3 on

FaUs Road had not been used in any previous service tests in this

vicinity. Conditions surrounding the two experimental roads are

much the same, except that traffic is hghter and the proportion of

horse-drawn vehicles greater on the FaUs Road.

The specifications prescribed a uniform appUcation of one-haH

gaUon of bituminous material per square yard, but the amount was
varied according to the surface condition of the several sections. The
road surface was dry when the apphcations were made, and fine

gravel was used to cover the bituminous material. The mechanical

analysis of the gravel used is given in Table 24.

The bitumen was transported to the road and spread by means of

two 1,200-gaUon automobile distributors equipped with speed and

pressure gauges. The length of the nozzle-line was so adjusted that

one-haU of the width of the road was sprayed at one time. The
nozzles were of the right-line type, from which the bitumen was ap-

phed in a fan-shaped spray under a uniform pressure of approximately

25 pounds.

The Falls Road was reconstructed in 1913, and surfaced with

water-bound macadam 15 feet wide. Early in the summer of 1915,

when the experimental test sections were planned, the macadam
surface had become thoroughly compacted, and, with a few excep-

tions, was smooth, free from ruts or depressions, and in good condi-

tion to receive the bituminous material. In August the contractor

distributed aU the gravel required for the work with a two-ton motor

truck before he began the apphcation of the bituminous materials.

The action of this truck was so severe that when the gravel had been

distributed, the water bond in sections 1, 2, and part of 3 was com-
pletely broken, and several weak places in the foundation in section

2 had formed. The latter were repaired, and an effort was made to

reestabUsh the water bond. Owing to the protracted drought and
the disturbing action of traffic, this work was only partiaUy sue-
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cessful. The condition of the surface of each section at the time of

treatment is discussed in detail in connection with each experiment.

The cost of this repair work was $70.

Experiment No. 1 begins at the city hmits of Rockville, and the

remainder of the series follow in regular numerical order. The
details of the work are subjoined.

Table 24.

—

Mechanical analysis of gravel used on Rochville-Potomac Road.

Per cent.

Passing |-incli screen, retained on J-inch screen 9.8

Passing ^-inch screen, retained on |-inch screen 62.

2

Passing ^-inch screen, retained on|^-inch screen 25. 2

Passing -^-inch. screen 2. 8

Total 100.0

Experiment No. 1.

—

^Asphaltic Petroleum, Cold Application, Corresponding
TO Experiment No. 3, on Rockvillb Pike.

Location: Station 0+00 to station 4545+75.

Length: 4,575 feet.

Total area: 7,625 square yards.

Date of application: September 23 and 24.

Temperature of petroleum: About 90° to 100° F.

Table 25.

—

Analysis of asphaltic petroleum used in Experiment No. 1.

Specific gravity, 25°/25° C 0. 944

Flash point, ° C 26

Burning point, ° C 90

Viscosity, Engler 50 c. c. at 25° C, specific 86. 6

Loss, 5 hours at 163° C, 20 grams, per cent 26. 54

Float test on residue at 50° C. (time) 2^ 0^'

Per cent of total bitumen insoluble in 86° B. naphtha 13. 70

Fixed carbon, per cent 7. 93

Soluble in CS2 (total bitumen), per cent 99. 94

Organic matter insoluble, per cent 06

Inorganic matter insoluble, per cent .00

Total 100. 00

Except for a few short sections, the total length of which did not

exceed 300 feet, the stone in the surface of Experiment No. 1 was loose

and covered with a layer of dust. The surface was swept lightly to

avoid displacing the stone, and masses of undesirable matter were

removed with hoes and shovels. In order to facilitate the adhesion of

the petroleum to the dusty stones, much hand-brooming was required.

The oil was permitted to He for about 2 hours before the gravel was

apphed. The oil was shipped in a tank car, which was placed about

1 mile from the beginning of the section.

52086°—Bull. 407—16 4
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Experiment No. 2.

—

^Residual Asphaltic Petroleum, Hot Application, Cor-

ebsponding to experiment no. 5, on rockville pike.

Location: Station 45+75 to station 89+61.

Length: 4,386 feet.

Total area: 7,310 square yards.

Date of application: September 27 and 28.

Temperature of bitumen: 180° F.

Table 26.

—

Analysis of residual asphaltic petroleum used on experiment No. 2.

Specific gravity, 25°/25° C 0. 981

Viscosity engler, 100° C, 50 c. c, specific 16. 8

Loss, 5 hours, at 163° C, 20 grains, percent 5.81

Float test on residue at 50° C 2^ 8^'

Per cent of total bitumen insoluble in 86° B. naphtha 17. 83

Fixed carbon, per cent 10. 23

Soluble in CSg (total bitumen) per cent 99. 93

Organic matter, insoluble, per cent 07

Inorganic matter, insoluble, per cent 00

Total 100. 00

The condition of the road surface was similar to that in section

No. 1, except that the combined total length of areas in which the

water bond was unbroken approximated 700 feet. In several places

the fomidation had failed, and extensive repairs and the digging of

drainage ditches were necessary. The petroleum was dehvered in

a tank car in which it was heated by steam from a traction engine.

Owing to the loose condition of the surface, practically three-quarters

of a gallon of petroleum were apphed per square yard. Much hand
brooming of the petroleum was required to cause it to adhere to

the dusty stone and produce uniform distribution. About three

hours elapsed between spreading the oil and covering it with gravel.

About 15 cubic yards of gravel were subsequently required on the

firm portions of the road to take up the exuding bitumen.

Experiment No. 3.

—

Coal-Tar Preparation, Cold Application.

Location: Station 89+61 to station 169+02.

Length: 7,941 feet.

Total area: 13,235 square yards.

Date of application: October 11, 12, and 13.

Temperature of preparation: about 90° to 100° F.
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Table 27.

—

Analysis of coal-tar preparation ^ used on experiment No. 3.

Specific gravity, 25725° C 1. 144

Viscosity, Engler, 50 c. c. at 40° C, specific 10.

4

Free carbon (insoluble in CS2) per cent 5. 53

T^. .-.-, ,. Percent Percent
Uistmation: by volume, by weight.

Water 2^ g 1.6

First Ugbt oils (to 110° C) K7 .4

Second light oils (110° to 170° C.) 3 i_ q .6

Hea^T oils (170° to 270° C.) 323.2 20.1

Heavy oHs (270° to 315° C.) 3 io_ 2 8.9

Pitch residue * 63.

1

68. 3

Total 100. 99. 9

AH but 500 linear feet of the road surface near the south end of

the section was in excellent condition to receive the surface treat-

ment. The section was thoroughly swept with horse-drawn rotary

sweepers, and the tar adhered uniformly to the surface rock without

the aid of hand brooming. After about 500 linear feet of surface

had been sprayed, the distributor was stopped and the gravel was
spread immediately to prevent the tar from flowing off the surface

over the shoulders. The tar preparation was shipped in a tank car,

which was placed 2| miles from the near end of section 3.

Experiment No. 4.

—

Repined Water-Gas Tar, Cold Application, Similar to

Experiment No. 2 on Rockville pike.

Location: Station 169+02 to station 226+20.

Length: 5,718 feet.

Total area: 9,530 square yards.

Date of application: September 22 and 23.

Temperature of tar: About 130° F.

Table 28.

—

Analysis or refined water-gas tar used on experiment No. 4-

Specific gra^dty, 25°/25° C 1. 132

Viscosity, Engler, 50 c. c. at 50° C, specific 16. 2

Free carbon (insoluble in CS2), per cent 0. 64
_... ..,, . Percent Percent
Distillation: by volume, by weight.

Water 0. 0.

First light oils ^0 110° C; .0

Second light oils (110° to 170° C.) 2^5 i q

Heavy oils H 70° to 270° C.) 3 21. 5 is. 9

Heavy oils C270° to 315° C.) 2 jS. 13.

4

Pitch residue » 62. 66. 6

Total 100. 99. 9

The surface of this section was in exceUont condition and no repairs

wore required. The experiment was conducted in aU respects like

experiment No. 3. The tar when delivered in the distributors from

1 Thin fluid. 2 Clear. a cloudy. • Hard, glossy, semisolid.
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the plant was still slightly warm from the refining process. The
distance from the plant to the near end of the section was about 12

miles.

Experiment No. 5.

—

^Repined Coal Tar, Hot Application, Similar to Experi-
ment No. 1, ON ROCKVILLE PlJEE.

Location: Station 226+20 to station 295+00.

Length: 5,880 feet.

Total area: 9,800 square yards.

Date of application: September 13, 14, 15, and 16.

Temperature of tar: 180° F.

Table 29.

—

Analysis of refined coal tar used on experiment No. 5.

Specific gravity, 25°/25° C 1. 181

Float test at 32° C. (time) 1M5''

Free carbon (insoluble in CSg), per cent 9. 39
_. .,, . Percent Percent
Distillation: by volume, by weight.

Water 0.0 0.0

Fii-st Ught oils (to 110° C) .0

Second Ught oils (110° to 170° C.) .0

Heavy oils (170° to 270° C.) 13. 5 11.

4

Heavy oils (270° to 315° C.) 13.

2

IL 3

Pitch residue 73.

3

77.

8

Total 100. 100.

5

The surface of section No. 5 was also in excellent condition, and
the experiment was conducted similarly to experiments Nos. 3 and
4. The bitumen was prepared in a local plant and was hauled to

the work in the distributors ready for apphcation. The haul from

the plant to the near end of the section was about 11 miles.

The cost data given in Table 30 are based upon the following unit

prices for labor and materials.

Foreman, per 8-hour day $4. 00

Distributor operator, per 8-hour day 2. 50

Roller operator, per 8-hour day 3. 00

Motor-truck driver, per 8-hour day 2. 50

Teams, per 8-hour day 4. 00

Laborers, per 8-hour day 1. 60-2. 00

Gravel on siding, per ton 1. 65

Asphaltic petroleum on siding, per gallon ^.05

Residual asphaltic petroleum on siding, per gallon •*. 07|

Coal-tar preparation on siding, per gallon '. 09J
Refined water-gas tar at plant, per gallon '. 08^

Refined coal tar at plant, per gallon '-08

1 Estimated.
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Table 30.

—

Materials and cost datafor surface-treatment experiments on Falls Road.

i

1

OCX

dS.!

Description.
Quantity of mate-

rials (per square
yard).

Cost per square
yard.

.1

Bituminous material.
Length of

section.

Area of

section.

Bitumi-
nous ma-
terial.

Gravel.i
Bitumi-
nous ma-
terial.

Gravel
(hauling
included).

1
2

3
5

....„

1

Asphalt petroleum (cold)
Residual asphaltic petroleimi

(hot)

Feet.

4,575

4,386
7,941
5,718
5,880

Sq,. yds.

7,625

7,310
13,235
9,530
9,800

Gallon.
0.525

.739

.423

.538

.596

Cu. yds.
0.0149

.0164

.0151

.0150

.0150

Cents.
2.63

5.54
4.02
4.57
4.77

Cents.
3.84

4.25
3

4
5

Coal-tar preparation (cold)
Refined water-gas tar (cold). .

.

3.53
3.67
3.65

Description. Cost per square yard. Total cost.

1 Bituminous material.
Clean-
ing sur-

face.

Heat-
ing bi-

tumi-
nous
mate-
rial.

Haul-
ing and
apply-
mghot
mate-
rial.2

Spread-
ing

gravel.

Roll-
ing.

Miscel-
lane-
ous.

3

Per
square
yard.

Per
mile,
15-foot

road.

1

2
Asphaltic petroleum (cold)
Residual asphaltic petroleum
(hot)

Cents.
0.05

.05

.01

.04

.08

Cents.

0.41

Cents.
0.23

.37

.12

.24

.32

Cents.
0.32

.71

.38

.55

.86

Cents.
0.05

.10

.04

.04

.02

Cents.
0.66

.68

.38

.52

.51

Cents.
7.77

12.11
8.48
9.63
10.21

$683.76

1,065.68
746. 24
847.44
898. 48

3
4
5

Coal-tar preparation (cold)
Refined water-gas tar (cold)
Refined coal tar (hot)

1 2,500 pounds equals 1 cubic yard.
2 Hauled to road in distributor.

3 General expense and superintendent.

INSPECTION REPORT.

Tlie following report describes the condition of tlie experiments

on the Falls Road on the date of last inspection, April 27, 1916.

Experiment No. 1.—^At the time of the inspection the surface did

not appear to carry a distinct mat or carpet and the bitmninous

treatment was worn very thin and showed a tendency to crmnble,

even on warm days. It is probable that a re-treatment wiU be neces-

sary early in the spring as the aggregate of the macadam shows quite

generally throughout the central portion of the road.

Experiment No. 2.—^This section has a black, leathery mat which

is easily marked by the calks of passing horses, but irons out under

the wheels so that there is no indication of ''picking up" or dis-

integration. In a few places additional gravel had to be spread to

prevent bleeding, and it is probable that more top-dressing will be

required as soon as hot weather prevails. At the present time very

little stone shows in the mat.
Experimerd No. 3.—The gravel used for top-dressing plainly shows

everywhere on this section and an excess still remains along the

sides. The mat is a hard, stone-fiUed carpet, practically unbroken,

and shows no signs of failure anywhere. In general this was the

best appearing section of the road at the time of the inspection.
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Experiment No. 4-—The appearance of this section is similar to

that of experiment No. 3, but the mat is thinner and the hmestone
aggregate of the macadam is shghtly but quite uniformly visible

over the entu-e section along the central portion of the road. Some
excess top-dressing still remains along the shoulders. It is probable

that the section will require re-treatment in the spring.

Experiment No. 5.—The mat on this section is softer than that on

sections 3 and 4, but much less leathery than that on section 2.

The macadam shows through in a few places, but the mat is not

broken at any point. It is probable that this section wiU require a

re-treatment late in the summer or fall. About 300 feet from the

south end of the section there is an area about 20 feet in length and
extending nearly the entire width of the road, where the sm^ace was
rather badly burned as the result of the burning of a blacksmith shop

and stables near the road.

EXPERIMENTS ON BRADLEY LANE, MONTGOMERY COUNTY, MD.

BITUMINOUS MACADAM (PENETRATION METHOD).

The experiments previously reported for this road have been dis-

continued because the design was considered inadequate for the

prevailing tra^ffic. The traveled way was only 10 to 12 feet wide,

while the road carried practically as heavy traffic as the adjacent

section of the Rockville Pike. Partly also because of the exceedingly

poor drainage and foundation conditions, it had never been possible

to maintain the surface satisfactorily, and it had become rutted and

was continually breaking into potholes, while the edges were badly

cut and sheared by traffic. Finally, in June, 1915, arrangements wore

made to reconstruct the roadway as a new experiment, and a bi-

tuminous macadam surface, constructed according to the penetration

method, was the type of improvement adopted.

The old surface-treated macadam was scarified, reshaped, and

widened by the addition of new material to form the foundation

course for the new surface. The total length of the road is 3,813.5

feet. The width of the new roadway was made 16^ feet from

Connecticut Avenue westward for approximately 2,404 feet by adding

2^ feet to the south side and 4 feet to the north side of the old surface;

the remaining distance to Wisconsin Avenue was made 15 feet wide

by adding 2J feet to each side of the old sm^face. In preparing

the foundation course it was necessary to add 145 tons of new Eme-

stone; and in order to increase the stabHity of the foundation, 3,646

linear feet of 4-inch drain tile was used. The drain tile was placed

under the south gutter of the road at a depth of a foot or more below

the surface, and is expected to correct the unsatisfactory foundation

condition referred to in the preceding paragraph. The drainage

was further improved by cleaning, out aU existing culverts and
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paving culvert inlets and outlets with gneiss spalls where this was
necessary. Two existing catch basins which were considered too

small for the service demanded of them were reconstructed and
enlarged and two new catch basins were constructed at other points.

After the foundation course was thoroughly compacted by rolling,

an entirely new wearing surface was constructed. The wearing

surface consists of a 3-inch depth of fresh limestone (loose measure-

ment) bonded together with bituminous material. The same
bituminous material was used throughout, but two different methods
were employed. From station + 00 to station 19 + 00 and from sta-

tion 21+00 to station 38 + 13^ straight oil-asphalt was used, while

for the remaining 200 feet between stations 19 and 21 a sand-oil-

asphalt grout was used.

The Oil-Asphalt Section (Penetration Method).

Location: Station 0+00 to station 19+00 and station 21+00 to station 38+13J.
Area: 6,421 square yards.

These sections comprise a total area of 6,421 square yards and were

constructed in accordance with the common penetration method;

that is, the penetration course of stone was spread and rolled, bitumen
appHed, screenings spread, and the surface finished with a seal coat

of bitumen and stone chips.

One and a half gallons of bitumen per square yard was used in the

penetration course and approximately one-half gaUon per square

yard in the seal coat. A total of 7,150 gallons of bitumen was used

on the first section and 6,328 gallons on the second section, which

gives a total average quantity per square yard of 2.012 gallons and
2.16 gallons, respectively, for the two sections. Table 31 shows the

analysis of the oil-asphalt used, and Table 32 the cost of the work,

which was done by contract.

Table 31.

—

Analysis of oil-asphalt}

Specific gravity 25725° C 1. 024

Melting point °C 50

Penetration 25° C, 100 grams, 5 seconds 105

Loss 5 hours at 163° 0., 20 grams, per cent 19

Penetration of residue ^ as above 64

Percentage of total bitumen insoluble in 80° naphtha 25. 77

Fixed carbon, per cent 15. 74

Soluble in CSg (total bitumen), per cent 99. 70

Organic matter insoluble, per cent 18

Inorganic matter insoluble, per cent 12

Total, per cent 100. 00

1 Fairly hard, glossy, sticky, semisolid.
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Table 32.— Unit and total costs.

Items.
Unit
cost.

Total
cost.

Clearing and grubbiag, lump sum
Excavation, 793 cubic yards
Subdrains, 3,646 feet 4-irich tile

Scarifying, 5,316 square yards
Shaping shoulders and subgrade, 4,064 square yards
Foundation stone, 146,775 tons in place, . . ,

Wearing course, penetration method, 6,421 square yards.
Wearing course, sand-oU grout, 367 square yards

$0. 4704
.2145
.0304
.0371

2.196
.3284
.3942

$79. 61
373. 03
782. 07
161. 61
150. 87
322. 32

2, 108. 66
144. 66

Total. 4, 122. 8&

Sand-Oil Grout (Penetration Method).

Location: Station 19+00 to station 21+00.

Area: 366.7 square yards.

This section includes two experiments m tlie use of oil asphalt

mixed with sand for constructing a bituminous macadam surface

according to the penetration method. The first experiment extends

from station 19 + 00 to station 19 + 55, and was constructed in a

manner exactly similar to that described above for the straight pene-

tration work, except that 50 per cent by volume of sand was used

with the bitinninous material. The second experiment extends

from station 19 + 55 to station 21+00 and was constructed in a

similar manner to the preceding, except that only 33 per cent by
volume of sand was used with the bituminous material.

A total of 672 gallons of oil asphalt were used in the two experi-

ments, which is at the rate of about 1.83 gallons per square yard.

It appears, therefore, that the saving in bituminous material which

was effected by employing this method is only about 0.2 gallon per

square yard; and if the cost of heating the sand and mixing the

oil-sand grout is considered, the cost was greater with this method
than with the ordinary penetration method by about 2 cents per

square yard. It is very questionable, therefore, if the experiment

will prove of value. It wiU be kept under close observation, however,

with a view to ascertainiag any possible superiority which this section

may possess over the ordinary penetration sections.

EXPERIMENTS AT WASfflNGTON. D. C.

BITUMINOUS CONCRETE.

The bituminous concrete experiments at Washington, D. C, con-

sisted in the construction of two wing drives leading from the sheet-

asphalt pavement in front of the main building of the United States

Department of Agriculture to the sheet-asphalt plaza in the rear, and
was completed on December 7, 1915. Each of the drives is approxi-

mately 140 feet long and 18 feet wide. The type of construction was
bituminous concrete upon a 6-inch foundation of Portland cement
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concrete. Sand and gravel of the mechanical analyses given in

Tables 33 and 34 were used in the concrete, which was mixed in a

mechanical mixer and allowed to stand 10 days before the wearing

sm-face was apphed. The proportion of the mix, by volume, was 1

part cement, 3 parts sand, 7 parts gravel.

Two types of bituminous concrete were chosen for the wearing

course, which was spread so as to compact to a thickness of 2 inches.

The northern half of each drive was surfaced with a mixture prepared

according to the Topeka specification, while the southern half of

each was paved with bituminous concrete prepared according to the

District of Columbia specification. The analyses of the bituminous

aggregates of these preparations are given in Table 35 and Table 36,

respectively. An analysis of the oil-asphalt is given in Table 37.

The bituminous concrete was prepared in a local plant and was
dehvered to the site of the work in trucks at a temperature of 220° F.

or more. After being spread and sufficiently cooled the mixture was
given a prehminary rolling with a 3-ton tandem roller and was fin-

ished with a 12-ton roller. A seal coat of oil-asphalt represented by
the analysis given in Table 37 was spread with a squeegee on the

areas surfaced with the District of Columbia mixture, and covered

with hot stone chips immediately. In the case of the Topeka mixture

the seal coat was omitted and the surface was dusted lightly with

Portland cement.

Table 33.

—

Mechanical analysis of sand used in concrete base.

Per cent.

Total retained on 10-mesh sieve 10. 2

Total retained on 20-mesh sieve 33. 9

Total retained on 30-me8li sieve 53. 9

Total retained on 40-mesli sieve 66. 4

Total retained on 50-mesh. sieve 77. 9

Total retained on 80-mesli sieve 95. 9

Total retained on lOO-mesh sieve 96. 5

Total retained on 200-mesh. sieve 97. 9

Passing 200-mesh sieve 2.

Table 34.

—

Mechanical analysis of gravel used in concrete base.

Per cent.

Total retained on l^-inch screen 2.

1

Total retained on 1-inch screen 5. 5

Total retained on |-inch screen 18.

1

Total retained on ^-inch screen 34. 7

Total retained on \ -inch screen 70. 7

Total retaine<l on 10-mesh sieve 94.

Paaaing lO-mesh sieve 6.

52086°—Bull. 407— IfJ 5
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Table 35.

—

Analysis of bituminous concrete {Topeha specification).

Per cent.

Bitumen soluble m CSg 8. 25

Iilineral aggregate:

Passing ^-inch screen, retained on J-inch screen 7.

9

Passing |-incli screen, retained on lO-mesh sieve 17.

2

Passing lO-mesh sieve, retained on 20-mesh. sieve 17. 3
Passing 20-mesh sieve, retained on 30-mesli sieve 9. 8

sLng 30-mesli sieve, retained on 40-mesli sieve 9.

3

40-mesli sieve, retained on 50-mesh sieve 10.

2

Passing 50-mesh sieve, retained on 80-mesh sieve 14.

2

Passing 80-mesh sieve, retained on 100-mesh sieve 2.

7

Passing 100-mesh sieve, retained on 200-me8h sieve 7.

5

Passing 200-mesh sieve 3. 9

Total 100.

Table 36.

—

Analysis of bituminous concrete {District of Columbia specification).

Per cent.

Bitumen soluble in CSg 7. 2

Mineral aggregate:

Passing 1-inch screen, retained on f-inch screen 6. 8

Passing f-inch screen , retained on J-inch screen 14. 4

Passing ^-inch screen, retained on J-inch screen 24. 3

Passing J-inch screen, retained on 10-mesh sieve 14.

Passing 10-mesh sieve, retained on 20-mesh sieve 7. 5

Passing 20-mesh sieve, retained on 30-mesh sieve 6.

1

Passing 30-mesh sieve, retained on 40-mesh sieve 6. 4

Passing 40-mesh sieve, retained on 50-mesh sieve 6. 2

Passing 50-mesh sieve, retained on 80-mesh sieve 4.

4

Passing 80-mesh sieve, retained on 100-mesh sieve 1.

1

Passing 100-mesh sieve, retained on 200-mesh sieve 4. 4

Passing 200-mesh sieve 4. 4

Total 100.

Table 37.

—

Analyses of oil asphalts used in experiments at Washington, D. C.

Use.
Bituminous
concrete

Seal
coat.

Specific gravity 25°/25° C
Melting point, " C
Penetration at 25° C, 100 grams, 5 seconds
Loss, 5 hours at 163° C, 20 grams, per cent
Penetration of residue, as above
Per cent of total bitumen insoluble in 86° C. naphtha
Fixed carbon, per cent

Soluble in CS2 (total bitumen), per cent
Organic matter insoluble, per cent
Inorganic matter insoluble, per cent

Total, per cent

055

40
26.40
19.32

98.39
.70
.91

1.055
58.5
47

.31
34
31.76
19.33

100.00
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The cost data given in Table 38 is based on unit costs of labor and

material as follows, and represents approximately the contractor's

cost:

Labor:

1 foreman, per day $4. 00

1 foreman, per day 2. 50

Laborers, per hour 0. 20-0. 40

Teams, per lioxir 60

Materials on road:

Cement, per barrel 1. 32

Sand for concrete, per ton 55

Gravel for concrete, per ton .65

Bituminous concrete on road (estimated), per square yard 40

Oil asphalt for seal coat, per gallon 10

Stone chips for seal coat, per ton 1. 00

Table 38.—Materials and cost data for bituminous-concrete experiments at Washington,
B.C.

General. Detail.

District
of Co-
lumbia
specifica-

tion.

Topeka
specifica-

tion.

Materials for base, per square yard of pavement Cement, barrel .

.

0.115
.075
.165

(1)

.30

0.115
Sand, ton .075
Gravel, ton 165

Materials for surface, per square yard of pavement Bituminous concrete
Bituminous seal coat, gal-

Tons.
Cement used on surface, bar-

rels.

Stone chips for seal coat, tons

0)

.003

Costs for base per square yard of pavement, in cents
.015

20.88
15.16
4.09
10.70
4.43
10.08
40.00
8.90
.90

3.00
1.50
1.40

2088'
Cement 15 16
Sand 4.09
Gravel . .... 10 70

Costs for surface per square yard of pavement, in cents

.

Header strips in place
Mixing and laying concrete.

.

Bituminous concrete on road
Spreading

4.43
10.08
40.00
8.90

Rolliag .90
Bitummous seal coat
Chips for seal coat
Applying seal coat
Cement on surface .40

Total. 121.04 115.54

1 Not determined.

EXPERIMENTS AT BUENA VISTA. FLA.

RESroUAL ASPHALTIC PETROLEUM-CORALLINE ROCK.

As a result of observation of the behavior of the various experi-

mental sections built on Biscayne Drive at Miami in 1913, and

reported in Department Bulletin No. 105, it was decided to construct

another section similar in all respects to section No. 6, except that a

heavier asphaltic material, better suited for use with coralline rock,

was to be employed.

The work was done on the driveway leading from the Miami-Lemon
City Road into the grounds of the experimental gardens of the United
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States Department of Agriculture, located about 3 miles north of

Miami, The roadway is 1,725 feet long and is 12 feet and 16 feet in

width. The traffic to which it is subjected is light, and originates on

the grounds of the experimental gardens.

The site is a new location, which was cleared, grubbed, and graded

immediately before the surfacing was undertaken. After leaving the

Miami-Lemon City Road, the first 600 feet was a deep sand bed,

while the remainder was a succession of ridges of coralline rock, with

sand beds intervening. The coralline ridges were excavated, and a

uniform sand subgrade was prepared.

The surfacing materials used were coralline rock and a heavy
asphaltic oil. The properties of the rock as it occurs near Miami are

noted in U. S. Department of Agriculture Bulletin No. 105. The sub-

grade, which was 6 inches thick, loose, was built of coralUne fieldstone

gathered on or near the site of the project, sledged on the subgrade

and thoroughly rolled.

The rock for the wearing course was taken from a county pit about

1 mile from the road. The fine material resulting from blasting was
eliminated by screening the rock over one-fourth inch stationary

screens. The wearing course was 3 inches thick, loose, and was rolled

once over with an 8-ton macadam roUer before the bituminous ma-
terial was apphed. The cross section of the road shows a crown

sHghtly less than one-half inch per foot.

The properties of the bituminous material are stated in Table 39.

This material was dehvered in barrels, heated in 1-barrel kettles,

and appMed by means of hand-pouring pots. From 1 to 3 hours

after it had been poured the bituminous material was covered with

about one-haK inch of sand which had been taken from the roadside

and screened to remove twigs, roots, etc. The sanded surface was

then rolled until all visible movement of the surface particles ceased,

after which the road was opened to traffic.

The cost of the various processes involved in the construction of

this section are given in Table 40. The cost data are based on labor

and material as follows

:

Superintendent, per day $4. 00

Foreman, per day 3. 00

Teams, per day 5. 00

Labor, per day 1. 50

Roller, per day 6. 00

Bitumen, per gallon 2 134
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Table 39.

—

Analysis of residual aspMltic petroleum used at Buena Vista, Fla.

Specific gravity 25°/25° C 0. 992

Viscosity, Engler, 50 c. c. at 100° 0. specific 31.

5

Float test at 32° C, time 2^ 44^^

Ploat test at 50° C, time V 04^^

Loss at 163° C. 5 hours, 20 grams, per cent 75

Float test of residue at 50° C, time 1^ 30^^

Per cent of total bitumen insoluble in 86° B. naphtha 13. 02

Fixed carbon, per cent 8. 20

Soluble in CS2 (total bitumen), per cent 99. 91

Organic matter insoluble, per cent 09

Inorganic matter insoluble, per cent 00

Total, per cent 100. 00

Table 40.

—

Cost data on construction of coralline-roch road.

Materials used

:

No. 2 stone, cubic yard per square yard 0. 083

Sand, cubic yard per square yard 014

Bitumen, gallon per square yard 906

Coat per square yard:

No. 2 stone |0. 1546

Bitumen 1243

Spreading No. 2 stone 0175

Heating and applying bitumen 0075

Spreading sand 0105

Rolling 0079

General expense 0186

Total 3409

Total costs for surface:

Quarrying and crushing No. 2 stone, 227 cubic yards 302. 85

Loading and hauling No. 2 stone to road 118. 00

Spreading No. 2 stone 47. 50

Bitumen on siding, 2,465 gallons 330. 31

Unloading and hauling bitumen to road 8. 00

Heating and applying bitumen 20. 40

Spreading sand, 38 cubic yards 28. 75

Rolling 21. 60

General expense 50. 60

Total 928. 01

Coat of preliminary work

:

Grading 132. 11

Shaping subgrade, 2,722 square yards 51. 65

Gathering and hauling foundation stone, 454 cubic yards ]25. 90

Spreading arifl sledging foundation stone 95. 00

Rolling foundation stone 10. 80

Total 415.46
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This pavement was completed in May, 1915. When inspected in

December, 1915, it showed no evidence of failm-e or appreciable

wear. The normal amount of traffic to which the road will be sub-

jected is not yet developed, and another year will be required to test

the wearing quahties of this pavement.

EXPERIMENTS AT JUPITER, PALM BEACH COUNTY, FLA.

OIL-ASPHALT-SAND.

The purpose of this experiment was to demonstrate a simple and
inexpensive method of treating the deep sand roads of Florida which

are subjected to light traffic. The demonstration section is on West
Lateral Road, 1.8 miles north of Jupiter, Fla. The bitumenized

portion is 152 feet long and 9 feet wide, skirted on both sides by
untreated sand shoulders 5h feet wide.

The mineral aggregate used was the native sand found in and along

the roadway, in which was incorporated asphaltic materials, the prop-

erties of which are given in Table 41. The sandbed was prepared

for treatment by removing with hand rakes all twigs, sod, and similar

undesirable matter from a width 10 feet on each side of the center

hne of the road. The sand in this area was then smoothed down to

a uniform grade, while the cross section was shaped to a total crown

of about 5 inches over the 20-foot width.

The bituminous material was heated in 1-barrel kettles and was
spread by means of hand-pouring pots in a series of applications,

according to what is commonly known as the layer method. Four
such apphcations were made. Each was covered with a layer of

sand after the bituminous material had been partly absorbed. The
sand for this purpose was obtained from the shoulders. Each layer

of sand was thoroughly rolled with a 3-ton horse roller before the

succeeding apphcation of bitumen was made. The quantity of bitu-

minous material and the thickness of the sand cushions in the various

layers are stated below

:

(1) One-third gallon of bitumen A per square yard, over which

was spread one-half inch of sand; (2) two-thirds gallon of bituminous

material A per square yard which was covered with 1 inch of sand; (3)

two-thirds gallon of bituminous material A per square yard, followed

by a layer of 1 inch of sand; (4) one-third gallon of a combination of

equal parts of A and B per square yard, to which was appHed enough

sand to absorb the bituminous material.

The resulting cushion of bitumenized sand is approximately 3

inches thick. The original plan involved the use of three layers only,

but because of the damp condition of the sand on which the first

apphcation of oil was made, the hot asphalt foamed freely and the

quantity poured was reduced by one-half. It was necessary, there-

fore, to add another thin layer to give the desired depth.
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After the surface covering of sand was spread, the shoulders and
ditches were reshaped and the road was opened to traffic. A few
days later the asphalt began to bleed freely, and the local road official

in charge covered the road surface with a heavy additional layer of

sand to absorb the exudation.

The road was built on April 9 and 10, 1915, and was inspected

December 10, 1915. The surface had received practically no atten-

tion since the time of its completion. Along the center fine or crown
of the 9-foot surface the horses had worn a path from 1 to 2 inches

deep and about 14 inches wide, and two corresponding wheel ruts

extended the full length of the section. The path and ruts are largely

in a mass of loose sand, shghtly impregnated with bituminous material

from 1 to IJ inches deep which overHes a firm, hard course of bitu-

minized sand. It is evident that the bituminous material used in

the fourth layer was of too viscous a nature to assimilate the sand,

or was insufficient in quantity to bind the heavy layer of sand which
was spread to absorb the bleeding. Outside of the central traveled

portion the surface is less broken.

The surface requires reshaping and a fight appfication of material

A to bituminize the loose sand thoroughly. The road will then be

scarred and rutted by traffic for several months, after which it should

be reshaped with a grader occasionally until it is finally compacted.

Table 41.—Analyses of bituminous materials used in experiment at Jupiter, Fla., 1915.

Material.

A.
Residual
asphaltic
petroleum.

B.
Fluxed
native
asphalt.

Specific gravity, 2.5°/2.5° C
Melting point, ° C
Viscosity, Engler, 50 CO. at 100° C. specific

Float test at 50° C. Ctime)
Penetration at Z5° C. 100 grams, 5 seconds
Loss at lfi3° C. 5 hours, 20 grams, per cent
Float test of residue at 50° C. (time)
Penetration of residue as above
Per cent of total bitumen insoluble in 86° B. naphtha.
Fixed carbon, per cent

Soluble in CS2 (total bitumen), per cent.
Organic matter insoluble, per cent
Inorganic matter insoluble, per cent

Total, percent.

1.01

63.9
2' 5"

1.82
3' 34"

21.22
12.61

99.88
.12

1.066
59

48
3.43

18
23.61
12.02

95.48
1.77
2.75

100.00

COST DATA.

This experiment was of too small extent for the cost data to be of

material value. The asphalt was donated, and the total labor cost

was only about Si 2.41, including the grading. This is at the rate of

about 8.2 cents per square yard, exclusive of the bituminous material.
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Since the work was done with convicts and the conditions were favor-

able, the cost is probably considerably lower than it would have been
under ordinary conditions.

EXPERIMENT AT WEST PALM BEACH, FLA.

In May, 1914, a series of seven experimental sections involving the

use of coralline rock and bituminous materials was constructed on
the Miami-Quebec Highway, about 2 miles south of West Palm Beach.

The details of construction are given in U. S. Department of Agri-

culture Bulletin No, 257. In order to determine the wearing quaU-

ties of a sand-asphalt or bituminous-sand surface in comparison with

the seven experimental surfaces, a section of this material was added
to the series in January, 1915. It is continuous with the other experi-

ments and adjoins section 7.

Experiment No. 8.—Bituminous Sand Mixing Method.

The original coralline rock road was scarified and reshaped for the

foundation. The cross section of the fomidation was parallel to the

finished surface and 2 inches below it. During the time which

elapsed between the preparation of the foundation and the laying of

the wearing course, the former was thoroughly compacted by traffic

and had become shghtly dusty.

In order to secure a sand which was fairly well graded, it was nec-

essary to mix two sands in approximately equal proportions. This

was done while they were being screened to remove twigs and other

undesirable matter. The mechanical analyses of the original sands

and the graded combination are given in Table 42, and the analysis

of the fluxed native asphalt, B, is the same as given in Table 41.

The bitimiinous sand was prepared by mixing heated 'sand and

asphalt on a mixing board with rakes and shovels. A heater having

about 90 square feet of heating surface was improvised to bring the

temperature of the sand up to from 350° F. to 400° F. and two 1-barrel

asphalt kettles were used to heat the bitumen to 300° F.

Beginning at the south end of the section for the first 52 hnear feet

the sand and asphalt are mixed in the proportions of 10 cubic feet of

sand to 10 gallons of asphalt; in the next 27 hnear feet the propor-

tions are 10 cubic feet of sand to 11 gallons of asphalt; and in the

remaining 3 linear feet the surface consists of a mixture of 10 cubic

feet of sand No. 1 to 11 gallons of asphalt. The sand-asphalt mixture

was spread 2 J inches thick and was held in place with 2 by 4 inch

timber while it was being roUed with a 6-ton tandem roller.

The work was interrupted by a succession of showers. The section

was so short that an organization of competent labor could not be

perfected and the equipment was of the crudest kind.
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The cost of construoting this section was disproportionately high

andean not be fairlycomparedwith that of producing the other sections

of the series. Neither is it a just criterion of the cost of building a

sand-asphalt pavement. Hence the cost data are not given.

Table 42.

—

Mechanical analyses of sands used in experiment No. 8, West Palm Beach,
Fla.

No.l. No. 2. Mixed.

Retained on 10-mesh sieve
Per cent.

0.0
.3

4.2
23.9
31.2
36.9
2.4
1.0
.1

Per cent.

0.1
.4
1.2
3.5
5.2

36.9
21.5
29.5
1.6

Per cent.

0.1
Retained on 20-mesh sieve .2
Retained on 30-mesh sieve 2.3
Retained on 40-mesh sieve 11.4
Retained on 50-mesh sieve 16.4

36.4
Retained on lOO-mesh sieve. 15.4

17.2
Passing 200-niesh sieve .6

Total 100.0 100.0 100.0

COST DATA.

This pavement was inspected in December, 1915. It had grown
slightly wavy under traffic, but had not failed in any other respect.

No difference in behavior or surface appearance was noticeable in

the three subdivisions of the section.

EXPERIMENTS AT OCALA, FLA.

OIL-LIMESTONE, SAND-ASPHALT.

Among the road materials locally available in Marion County are

sand-clay, a fairly well-graded sand, and easily crumbled oolitic

limestone, which hardens somewhat on exposure to the air. It is

apparently similar in character to but much softer than the coralline

rock used in the Miami and West Pahn Beach experiments. In

1915 an object-lesson road was constructed of sand-clay near Ocala,

and on completion of this it was decided to construct experimental

sections adjacent to the sand-clay road, utihzing the hmestone and
sand with bituminous materials. The series was installed in the

spring of 1915 on the Ocala-Blichton road, about 3^ miles west of

Ocala. Limestone for the oil-limestone experiment was obtained

from a deposit which outcropped about 1 mile from the road. It

was quarried with the use of dynamite and heavy sledges and in this

way was easily broken to the desired size. For the surface course

of the oil-limestone experiment the limestone was screened at the

quarry over a ^-inch screen, yielding approximately 50 per cent

retained on a ^-inch screen and passing a 3-inch screen. A suitable

quality of sand for the sand-asphalt experiment was located about

two-fifths of a mile from the road.

The equipment consisted of 2 sirup-heating kettles of 200 and
80 gallons capacity, which were set in a stone furnace and heated
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with wood fuel; a concrete mixer equipped with revolving blades

and operated by a 4-horsepower gasoline motor; dump wagons; a

6-ton steam tandem roller; 2 hand roUers; corrugated culvert pipe

for heating sand; hand pouring pots ; and hand tools.

ExPERnaENT No. 1.

—

Limestone, Residual Asphaltic Petroleum, Penetration
Method.

Location: Station 201+15 to station 212+92.

Length: 1,177 feet.

Area: 1,834 square yards.

Details.—Upon the rolled subgrade, partly of sand-clay and partly

of sand, a foundation course of pit-run limestone was spread and

rolled until firm. The depth of the foundation course was 5 inches,

loose measurement. Upon this a wearing course, 2 inches thick by
loose measurement of screened rock was spread and rolled with

the 6-ton tandem roller sufficiently to smooth and shape the course

but not to break up the fragments. Upon the wearing course was

applied approximately 1 gallon per square yard of the residual

asphaltic petroleum, analysis of which is given in Table 43. The
petroleum was heated in the large sirup kettle at the roadside

and was spread by means of hand-pouring pots. In applying the

hot oil care was taken to coat the rock as uniformly and completely

as was possible. The oil was immediately covered with sand and the

surface was then rolled until firm. As the oil was forced upward
through the sand by rolling, more sand was distributed to absorb it.

Shoulders, 2 feet wide and 6 inches thick, of pit-run rock or screen-

ings, were constructed on each side of the 14-foot oil-treated road.

Materials and cost data for this experiment are given in Table 46.

Table 43.

—

Analysis of residual asphaltic petroleum used in experiment No. 1.

Specific gravity 25°/25° C 0. 985

Viscosity, Engler, 100° C, 50 cc, specific 15. 6

Float test at 32° C . (time) 1' 48^'

Float test at 50° C. (time) 0^ 40^^

Loss, 163° C, 5 hours, 20 grams, per cent 1. 64

Float test of residue^ at 32° C. (time) 6' 30^^

Float test of residue at 50° C. (time) y 30^^

Per cent of total bitumen insoluble in 86° B. naphtha 17. 98

Fixed carbon, per cent 10. 04

Soluble in CS2 (total bitumen), per cent 99. 93

Organic matter insoluble, per cent 07

Inorganic matter insoluble, per cent 00

Total, per cent 100. 00

1 Very viscous, sticky fluid.
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Experiment No. 2.

—

Sand-Oil Asphalt.

Location: Station 212+92 to station 220+85.

Length: 793 feet.

Area: 1,233.56 square yards.

Details.—The subgrade on the east end of this experiment, from
station 212 + 92 to station 217 + 30, was an old sand-clay road, and
in general provided a firm foundation. On this section the subgrade

was dressed and rolled and the sand-asphalt mixture laid 2| inches

thick after compression. The subgrade from station 217 + 30 to

station 220 + 85 consisted of fine sand, and the wearing course in this

section is 3| inches thick, laid in one course from station 217 + 30 to

station 219 + 00, and in two courses, each roughly If inches thick

from station 219 + 00 to station 220 + 85. Difficulty in securing a

satisfactory bond between the two courses was experienced, owing

to the fine sand distributed over the surface by laborers who walked

over the first course. The sand subgrade was rolled with the 6-ton

tandem roller, but as this left it much rougher than desired it was
smoothed with hand rollers immediately in advance of spreading

the mixture.

The heating and mixing operations were carried on about two-fifths

of a mile from the road, where a clean, weU-graded sand was found in.

abundance. All the sand was screened to remove twigs and roots,

and also to reduce it to a finely divided condition, which undoubtedly

faciUtated heating. It was piled over 15-uich corrugated culvert

pipes for heating, and stirred occasionally. This method of heating

was found to be costly and relatively inefficient, and lack of heated

sand limited the daUy output of the mixer to much less than haK of

its normal capacity. The mixer, which was provided with revolving

blades, was operated by a 4-horsepower gasoline motor, and was
placed on an elevated platform, so that it could be emptied directly

into a chute above the wagons. For each batch 6 cubic feet of heated

sand was carried from the heating pipes to the charging platform in

wheelbarrows, each carrymg 2 cubic feet. After stirring the sand

to avoid local overheating, oil-asphalt represented by the analysis

given in Table 44 was added in an amount equal to about 10 per cent

of the total weight, and the mixing was continued until aU particles

were thoroughly and uniformly coated with bitumen. The hot

mixture was hauled to the road and, from dumping boards laid on

the shoulder, was spread with shovels and hot rakes to the required

thickness. The forms consisted of timbers placed along each side

of the road at the proper grade. As soon as spread, the mix was

rolled longitudinally and transversely with hand rollers, and after

standing for some tioae, was covered with a light appHcation of

Portland cement, and roUcd with the 6-ton tandem roller. The
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timbers were then removed and limestone shoulders, 6 inches thick

and 2 feet wide, compacted by rolling, were constructed to support

the sand-asphalt surface. Table 45 gives typical analyses of the

sand-asphalt mixture. The data relating to materials and cost, given

in Table 47, do not differentiate between the various sections, but are

presented just as if the cost were uniform over the entire experiment,

irrespective of the varying thickness of the wearing surface.

Table 44.

—

Analysis of oil-asphalt ^ used in experiment No. 2.

Specific gravity 25°/25° C 1. 041

Melting point ° C 64

Penetration, 25° C, 100 grams, 5 seconds 50

Loss, 5 hours, 163° C, 20 grams, per cent 0. 06

Penetration of residue ^ as above 38

Per cent of total bitumen insoluble in 86° B. naphtha. 29.45

Fixed carbon, per cent 17. 50

Soluble in CSg (total bitumen), per cent 99. 86

Organic matter insoluble, per cent 10

Inorganic matter insoluble, per cent 04

Total, per cent 100. 00

1 Hard, sticky, glossy, semisolid.

Table 45.

—

Typical analyses of sand-asphalt mixtures used in experiment No. 2.

II. III. IV. V.

Bitumen (soluble in CS2)
Mineral aggregate:

Retained on lO-mesh sieve
Passing 10-mesh sieve, retained on 20-mesh sieve.

Passing 20-mesh sieve, retained on 30-mesh sieve.
Passing 30-mesh sieve, retained on 40-mesh sieve.
Passing 40-mesh sieve, retained on 50-mesh sieve.
Passing 50-mesh sieve, retained on 80-mesh sieve.
Passing 80-mesh sieve, retained on 100-mesh sieve.
Passing 100-mesh sieve, retained on 200-mesh
sieve

Passing 200-mesh sieve
Average percentage of bitumen (soluble in CS2) .

.

Per cent.

8.41

0.1
1.6
4.9
10.8
13.1
31.7
12.9

15.7
9.2

Per cent.

8.27

0.0
2.5
4.7
10.4
12.3
32.3
11.8

19.7
7.2
9.25

Per cent.

9.87

0.1
1.4
5.1
10.9
13.5
33.3
12.5

14.2
9.0

Per cent.

8.16

0.0
1.1
4.7
9.4
13.7
33.0
12.1

12.0
14.0

Per cent.

10.28

0.1
1.5
4.3
7.1
16.0
33.4
12.4

18.4
6.9

The cost data given in Tables 46 and 47 are based on the following

scale of wages and unit prices

:

Foreman, per 10-hour day, $3.25.

Subforeman, per 10-hour day, $1.25.

Skilled labor, per 10-hour day, $1.75.

Common labor, per 10-hour day, $1.

Teams, per 10-hour day, .$3.

Asphaltic oil, f. o. b. Baltimore, Md., per gallon, $0.06.

Oil-asphalt, f. o. b. Baltimore, Md., per ton, $12.50.

Freight on oil-asphalt, Baltimore, Md., to Ocala, Fla., per ton, $6.72.
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Table 46.

—

Cost data, bituminous limestone.

45

Item.
Total
cost.

Cost per
square
yard of
surface.

Item.
Total
cost.

Cost per
square
yard of
surface.

$45. 15
48.82
77.84
86.84
51.31
179.80
10.00

42.05
8.65

108.06

$0.0247
.0266
.0424
.0473
.0280
.0980
.0055

.0230

.0047

.059

Freight on oil $57. 44
8.80
24.52

8.80
47.56
52.41

$0 0313
Subgrade .". Hauliag oil to road .0048
Shoulders Heating and applying oil

Hauling, screening, and
.0133

Quarrying, explosives .0048
Rolliag (including cost of coal)
Incidentals and supervision. .

.

Total cost

.0258
Spreading base course
Screening limestone for wear-

.0286

858.05
780.21

.4674
Spreading wearing course
Asphaltic oil; 1,801 gallons,

f. 0. b. Baltimore, Md

Total (exclusive of shoulders). .425

Table 47.— Cost data, sand-asphalt.

Item.
Total
cost.

Cost per
square
yard of
surface.

Item. Total
cost.

Cost per
square
yard of
surface.

$34.80
25.01
119.60

418. 70
14.77

310. 00
67.02
192.09
70.30

$0.0282
.0203
.0969

.3393

.0120

.2512

.0543

.1557

.0570

$39. 56
5.45

$0 0320
Subgrade .". Hand rolling .0044

0168
Asphalt, 21.77 tons, including
freight Total cost

20.75
1,318.05
1,198.45

1,163.65

1 0681
Hauling asphalt (3i miles)

—

Screening and heating sand. .

.

Heating asphalt

Total (exclusive of shoulders)

.

Total (exclusive ofrough grad-
ing and shoulders)

.9712

9430
Mixing sand and asphalt
Transporting mixture

SUPPLEMENTARY REPORTS ON EXPERIMENTS PREVIOUSLY
REPORTED.

The experiments which were in progress at the beginning of the

year have all been described in previous pubHcations of the Office,

and reference is made to these pubUcations by number, in the descrip-

tions below. It will be noted that the experiments undertaken at

New York, N. Y., and Ridgewood, N. J., in 1910; at Boise, Idaho, in

1910, and at Newton, Mass., in 1908, have all been discontinued. As
explained in Department Bulletin No. 257, the reasons for dis-

continuing these experiments were either that they have proved
failures or that subsequent improvements have destroyed their

value from the standpoint of furnishing comparable results.

SUPPLEMENTARY REPORT OF EXPERIMENTS AT LEMON CITY, FLA., 1914.

onus, TAK PREPARATION, CALCIUM CHLORIDE-CORALLINE ROCK.

The original report of the details of construction of these experi-

mental sections was published in U. S. Department of Agriculture

Bulletin No. 257.

In July, 191 5, a surface treatment of asphaltic material was ap-

plied uniformly to aU the sections by the county road authorities. The
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depression 55 feet from the soutli end of section 5, reported in Bulletin

No. 257, was still noticeable, but had not increased in size appreciably.

A few minor repairs had been made by using a mixture of sand and

oU and the surface was in very good condition.

SUPPLEMENTARY REPORT OF EXPERIMENTS AT WEST PALM BEACH,
FLA., 1914.

OIL, TAR, OIL-ASPHALT, CORALLINE ROCK.

These experimental sections were constructed on the Miami-Quebec

Highway, about 2 miles south of West Palm Beach, in May, 1914,

The original report giving the details of materials and methods is

pubhshed in U, S. Department of Agriculture Bulletin No. 257. As
shown in Table 9 in that report, the traffic over this road is heavy

suburban and the test of the various sections is therefore rather

severe.

The work was inspected December 10, 1915, and the condition of

the sections at that time was as foUows:

Experiment No. 1. (Residual aspJialtic petroleum, 2.3 gallons. Pen-

etration method.)—This section is in very satisfactory condition. The
bituminous material is still viscous, but the exudation and flow of

the excess has ceased and the inequahties in the surface resulting

from this flow are not sufficient to cause discomfort to traffic. There

is no evidence of weakness developing at any point.

Experiment No. 2. {Refined coal tars, 1.3 gallons. Penetration

metliod.)—^The bituminous material has continued to harden and the

surface is becoming pitted, owing to the fact that individual rocks

have been broken and worked out of their setting. These pits are

small and uniformly distributed and do not cause noticeable vibra-

tion in passing vehicles. About 25 feet from the south end of the

section a shallow depression has formed. It is due apparently to

settling of the pavement and not to wear.

Experiment No. 3. (Refined coal tars, 1.2 gallons. Penetration

method.)—The proportion of rock exposed in the surface by the re-

moval of the binder under traffic has increased visibly in the past

year. These exposed rocks have worn lower than the surrounding

areas still coated with tar and the surface is full of small shallow

pits. The tar has become very hard and brittle.

Experiment No. 4- (Residual asphaltic petroleum, 1.4 gallons.

Penetration method.)—^The surface is in good condition, but is becom-
ing sHghtly rough, due to pits where the rock is exposed. The differ-

ence in appearance between the part of the section treated with sand

and that treated with stone chips is becoming more pronounced.

Experiment No. 5. (Oil-asphalt, 1 .8 gallons. Penetration method.)—
This section has changed little in appearance or condition and has

resisted the action of traffic very satisfactorily.
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Experiment No. 6. (Oil-aspTialt, 1 .5 gallons. Penetration metTiod.)—
The surface of this section is in perfect condition. While the asphalt

has gradually hardened it has not lost its recementing power and is

very efficacious as a binder.

Experiment No. 7. {Coralline rocTc-waterhound macadam.)—The sur-

face of this section has worn down uniformly over the entire cross

section and is nearly 2 inches below the surface of section No. 6,

which it adjoins.

SUPPLEMENTARY REPORT OF EXPERIMENTS AT MIAMI, FLA., 1913.

OIL-CORALLINE ROCK.

The original report of these experiments appeared in U. S. Depart-

ment of Agriculture Bulletin No. 105 and the statement of their

condition in January, 1915, was published in U. S. Department
Bulletin No. 257. By that time it had become evident that experi-

ments Nos. 1 and 2 were not successful and they were dropped from

the record. The remaining experiments were inspected December
11, 1915, and their condition at that time was as follows:

Experiment No. 3. {Penetration method. 0.6 gallon hot heavy oil.)—
The surface appearance of this section has not changed noticeably

in the past year, except for the gradual exposure of a few particles

of coralline rock under traflS.c. The sUght inequalities in the surface

reported last year remain unchanged. There were no breaks or

seriously worn or weak spots.

Experiment No. 4- {Penetration method. 0.7 gallon cold light oil.)—
This section, which last year had developed only a few worn depres-

sions, is deteriorating rapidly. The binder has become brittle and

the tendency of the rock particles to break away and form holes

has become general over the entire area. Repairs made with rock

only have failed under trajQB.c, but those in which asphaltic material

were added have worn satisfactorily.

Experiment No. 5. {Penetration method. 0.6 gallon hot heavy oil.)—
The worn depressions and holes reported last year have increased

greatly in size and number. The bituminous material has lost its

cohesive power and is crumbUng. Repairs have been made with

coraUine rock without bituminous material. It is probable that the

entire section will be reconstructed during the coming year.

Experiment No. 6. {Penetration method. 1.0 gallon hot heavy oil.)—
This section is in excellent condition and shows no signs of local

failure or undue wear at any point. It is probable that no repairs

wiU be required during the ensuing year.
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SUPPLEMENTARY REPORT OF EXPERIMENTS ON ROCKVILLE PIKE,
MONTGOMERY COUNTY, MD., 1913.

The original report of these experiments was given in U. S. Depart-

ment of Agriculture Bulletin No. 105, and report of the first inspec-

tion appeared in Bulletin No. 257. The following information covers

the history of the experiments up to February 28, 1916:

Experiment No. 1.

—

Refined Coal Tar, Hot Application.

As expected at the time of the last report, this experiment required

re-treatment during the summer of 1915. The work was done

between July 12 and 23, using the same bituminous material as in

the original treatment. The tar was dehvered directly from the stills

of the manufacturer in tank wagons, from which it was distributed

under steam pressure at a temperature of 165° to 200° F. A nozzle

dehvering a conical spray was used and steam was furnished by a

road roller which also drew the tank wagon. Since unskilled labor

only was available, considerable difficulty was experienced in getting

uniform distribution. Clean, washed gravel passing a f-inch mesh
was used as covering material over the entire experiment, as it is

considered no longer warrantable to continue the use of trap rock on

those sections where it was originally used. The characteristics of

a typical sample of the bituminous material are here given. Table 48,

and the cost data and quantities will be found in Table 55.

At the time of this re-treatment experiment No. 1 was extended

northward from station 61+20 to the forks of the road at station

90 + 75, thus adding 2,955 feet to experiment No. 1 and reducing

the length of experiment No. 2 by a hke amount. The reason for

this is explained later.

At the time of the inspection the surface was practically iutact over

the area of the original experiment. But owing to the imequal

distribution of tar by the conical hand nozzle used, and the conse-

quent rather large variation in the amount of covering material held

by the bitmnen, the road surface plainly shows a continuous series of

arc-like curves. Some of these are little more than visible and produce

no marked vibration as traffic passes, but much the greater part are

developing as flat ridges, which are decidedly perceptible to the

occupants of a vehicle passing rapidly along the road. From present

indications the lower areas, where the mat is thinner, are going to

wear rapidly, and the amount of repairing necessary will correspond-

ingly increase.
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Table 48.

—

Analysis of refined coal tar used on experiment No. 1.

Specific gravity 25°/25° 1.205

Float test at 32° C. (time) IMS''

Float test at 50° 0. (time) 0M6''

Per cent free carbon (insoluble in CS2) 12. 65

^. .„ . Percent Percent
Distillation: by vol. bywt.

Water 0.0 0.0

First light oUs (to 110° C) ^5 .3

Second Ught oHs (110° to 170° C.) ^
_ 7 5

Heavy oHs (170° to 270° C.) ^7.1 15.4

Hea^^ oils (270° to 315° C.) n3. 7 11.8

Pitch residue - ^ 68. 72.

Total 100. 100.

Over the extended area of the experunent the surface is aheady

broken in a great many places. Initial weaknesses, which developed

over this section when a part of experiment No. 2, are persistent, and

much patching has been necessary since a few weeks after the re-treat-

ment in July. The failures are generally distributed over the surface

and not confined to any strip. This section has an exceedingly heavy

traffic, and during the winter is usually very dirty, owing to the bad
condition of the lanes and adjacent roads which deliver traffic to the

section.

The section of this experiment in Bradley Lane has been recon-

structed as penetration macadam, and is described as a new experi-

ment in another part of this publication.

Experiment No. 2.

—

Refined Water-Gas Tar, Cold Application.

Those sections referred to in the last report, from Norwood trolley

station to Edgewood station, as being poorly drained and under

considerable strain, became so bad in the spring of 1915 that at the

time of re-treating experiment No. 1 with a hot refined coal tar

it was decided to extend the re-treatment northward to include the

weak part of experiment No. 2.

That part of No. 2 remaining is now in first-class condition. The
general failure, especially along the edges, that was so rapid in the

early spring of 1914, had no counterpart in the spring of 1915, and

during the winter of 1915-16 the experiment has remained in excellent

condition. Whde there are no indications of general failure, the

mat is becoming very thin, and it is planned to give a re-treatment

during the summer of 1916. The section of this experiment in Bradley

Lane has been reconstructed as a penetration macadam and is

described as a new experiment hi another part of tliis publication.

1 Solid. 2 Clear. » One-third solid. < One-fourth solid. ' Hard, brittle.
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Experiment No. 3.

—

Asphaltic Petroleum, Cold Application

During the winter of 1914 the surface cracked and crumbled in

places as during the preceding winter, and in many places mud
formed. This ironed out Tmder traffic, but the mat was so thin and
broken that a second re-treatment became necessary and was applied

June 25 to 30, 1915. A short section at the north end was not

finished until August 16-18. The work was done by hand, as described

in the last report, using the same bituminous material originally

appHed and torpedo sand similar to that used on experiment 7.

Table 49 shows the characteristics of the bituminous material used,

and cost data will be found at the end of this report.

Table 49.

—

Analysis of asphaltic petroleum used on experiment S.

Specific gravity, 25°/25° C 0. 932

Flashpoint, °C 35

Burning point, °C 70

Viscosity, Engler, 50 c. c, at 25° C, specific 61. 9

Loss, 5 hours, at 163° C, 20 grains, per cent 22. 94

Float test of residue at 32° C, time 5' 53^'

Float test of residue at 50° C, time 1^ 22^^

Percentage of total bitumen insoluble in 86° B. naphtha 13. 67

Fixed carbon, per cent 7. 62

Soluble in CS2 (total bitumen), per cent 99. 90

Organic matter insoluble, per cent 10

Inorganic matter insoluble, per cent 00

Total, per cent 100. 00

This experiment is becoming rough on one hill, where frequent

unusual repairs have had to be made, as described in an earher

report. Except for this the surface presents the same character-

istics as it did a year ago. During cold weather the mat crumbles

rather freely and at the first thaw mud is formed. If traffic is not

too heavy and the mud is not displaced the surface mat is restored

rapidly as the surface dries and generally assumes its corky nature.

If the mud is displaced to any marked degree, as is very hkely to

happen if there is a snow storm followed by a thaw, then the mat
is not restored along the wheel tracks and two broad, shallow ruts

are the result. The stone is soon exposed along these ruts and dis-

integration follows rapidly. At the time of inspection ruts had
formed along about 200 feet of this experiment at the same point

where they formed in the winter of 1914-15.

It is planned to give this experiment a foin"th apphcation early

in the season of 1916. Except as noted above, the surface is smooth
and in essentially as good condition as at the time of construction.

Experiment No. 4.

—

Residual Asphaltic Petroleum, Hot Application.

This experiment continues to present the best appearance of any
of those still carrying the original treatment. No re-treatment was
necessary during 1915, but it is probable that one will be required



DUST PREVENTION AND ROAD PRESERVATION, 1915. 51

during the coming summer. The surface has not become so muddy
at any time during the winter of 1915-16 as during that of 1914-15.

The bumps due to faulty distribution at the time of original treat-

ment are still visible and cause considerable trouble. They have
been repeatedly cut and trimmed, but owing to the excess of bitu-

minous material the spots have required top dressing in the hottest

weather, and this builds them up again. There has been considerable

repair work necessary over all of the experiment, but no place shows
marked weakness. Patches made on this experiment are miusuaUy
smooth and serviceable, and so far there appears no tendency for

the original sm-face to break or give way aroimd patches.

Experiment No. 5.

—

^Residual Asphaltic Petroleum, Hot Application.

This experiment, Hke No. 4, shows less tendency to become muddy
during thaws, although dampness of subgrade continues to be very

noticeable. During the past summer a great deal of patching has

been necessary and the breaks have been somewhat more numerous
in the bottoms and poorly drained sections than elsewhere, although

they have been general. It is now expected that the experiment

will require re-treatment during the coming season.

Experiment No. 6.

—

^Water-Gas Tar Preparation, Hot Application.

This experiment required but little attention during 1914, but
early in the spring of 1915 it began to break up rather rapidly.

The nature of the failure was very similar to that described for

experiment No. 2 in 1914. Breaks in the mat at the sides of the

road progressed rapidly toward the center and any raw edge of the

mat had a tendency to crumble away rapidly. It was always neces-

sary to give immediate attention to patching, and even with care

in some instances patches had to be made that extended from the

sides nearly to the center of the road and were from 4 to 6 feet long.

It finally became necessary to re-treat November 8 to 12. The
work was done by contract, using the same type of bituminous

material as originally applied and covering with clean, washed
gravel passing a f-inch screen. The contract price was $1,170 or

11.] cents per square yard. The characteristics of the material

used are shown in Table 50 and additional data are given at the end

of this report.

Table No. 50.

—

Analysis of water-gas tar preparation used on experiment No. 6.

Spef.ific gravity 25725° C 1. 136

Float test at 32'" C, time 2' 11''

Free carbon (insoluble in CS2), per cent 1. 71
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T^. ^.,, ,. Percent Percent
Distillation: by vol. bywt.

Water 0.0 0.0

First light oils (to 110° C.) 0. 0.

Second light oils (110° to 170° C.) 0.0 0.0

Heavy oils (170° to 270° C.) 1 10.

9

8.

7

Heavy oils (270° to 315° C.) ^IIA 10.4

Pitch residue 3 77,

7

go. 9

Total 100. 100.

The covering was applied somewliat too heavily. This was in a

measure due to a desire to prevent excessive bleeding in the spring.

Reference to the preceding report will show that the original treat-

ment bled very freely, and already, at the date of inspection (Feb.

28) the re-treated surface became sticky on sunny days. Material

is now distributed along the road ready for use at the first indication

of stickiness. The surface is in excellent condition now, fully as

good as when originally built, and at the date of inspection there

was not a break in it.

Experiment No. 7.

—

^Asphaltic Petroleum, Cold Application.

Reference to the last report will show that this experiment was
showing signs of weakness in the fall of 1914. It should have been

re-treated at that time, as conditions in the spring of 1915 have since

clearly shown. The mat was quite generally forced aside or carried

away along two broad, shallow ruts when the surface became muddy
in the late winter of 1914-15, and in many places the road metal

began to ravel. These ruts were from 18 inches to 2 feet wide and

frequently the entire hand could be slipped under a straight edge

laid across the rut. A very large amount of patching was necessary

to put the experiment into condition for a re-treatment. The re-

treatment was given June 21 to 23, 1915, using the same bituminous

material as in the original re-treatment (Table 51), and covering with

torpedo sand, represented by the analysis given in Table 52. The
quantities and costs are given in Tables 54 and 55.

At the time of the inspection this experiment was in excellent

condition, except on one or two very short sections where the rutting

was excessive last spring. The re-treatment application was very

light and there appears to be no noticeable accumulation of mat.

The experiment will probably require re-treatment late in the summer
of 1916.

1 Clear.

2 Clear; showed 10.0 per cent insoluble in dimethyl sulphate.

3 Hard, glossy. A 315°-350° C. fraction showed 12.5 per cent insoluble in dimethyl sulphate.
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Table 51.

—

Analysis of asphaltic petroleum used on experiment No. 7.

Specific gravity 25°/25° C 0. 958

Flash point, °C 32

Burning point, °C 81

Viscosity, Engler, 25° C, 50 cc. specific 96.

8

Loss 5 hrs. at 163° 0. 20 grams, per cent 25. 57

Float test on residue at 50° C, time V 13^^

Per cent of total bitumen insoluble in 86° C. naphtha 5. 38

Fixed carbon, per cent 3. 60

Soluble in CS2 (total bitumen), per cent 99. 90

Organic matter insoluble, per cent .08

Inorganic matter insoluble, per cent .02

Total, per cent 100. 00

Table 52.

—

Mechanical analysis of sand used on experiment No. 7.

Per cent.

Passing ^-inch screen, retained on ^-inch screen 10.

6

Passing ^-inch screen, retained on 10-mesh sieve 5. 3

Passing 10-mesh sieve, retained on 20-mesh sieve 10.

8

Passing 20-mesh sieve, retained on 30-mesh sieve 9.

8

Passing 30-mesh sieve, retained on 40-mesh sieve 13. 3

Passing 40-mesh sieve, retained on 50-mesh sieve 12.

1

Passing 50-mesh sieve, retained on 80-mesh sieve 20. 5

Passing SO-mesh sieve, retained on 100-mesh sieve 5.

3

Passing 100-mesh sieve, retained on 200-me8h sieve 2. 9

Passing 200-mesh sieve 9.

4

Total 100.

The traffic census has been continued, regular counts being taken

every 13 days. The point of observation was changed on June 26,

1915, so as to give better control, and the period of observation was
reduced to 16 hours. A tabulation of the maximum, and average of

each class of traffic for the period between June 26, 1915, and Febru-

ary 28, 1916, is given in Table 53. Traffic south of the census sta-

tion is on experiment No. 1, that north of the station is on experi-

ments Nos. 2 to 7, inclusive.

Table 53.— Volume and character of traffic on Rockville Pike at the north end ofsedtion 1.

Vehicle.

Ix^fled 1-horse wagon...
Unloaclci 1-horse wagon

.

I^oaflftd 2-horse wagon
T;nl(-/ifl<id 2-horse wagon

.

L'/dih'A 4-horse wagon..

.

Unl'/aded 4-horse wagon.
l-hdrm pleasure vehicle.

.

2-hor-n ji]vi.-:ur(i vehicle.

.

I . tif^vy vehicle.
Motor rijri:ibout

Motor touring car
IxjutlcA motor dray
Unlf^aded motor dray

Sections 2 to 7.

Maximum.

North- South-
bound, boimd.

18
9

22
10

1

3
14

1

19
48
2

74
381
26
10

16

16
22
3
3
15
2
7

78
2

90
628
26
13

Average.

North- South-
bound, bound.

4

16

"24'

117
1.5

3

4

17

"26'

126
16
6

Section 1.

Maximum.

North- South-
bound, bound.

30
18
69
15
2
6

30
1

18
55
14

88
442
63
17

13

27
24
44
7

2
28
2
25
71

5
104

582
43
48

Average.

North- South-
bound, bound.

16
8
25
5

'"i
15

.....

22
2
35
163
31
7
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Tables 54 and 55 show comparative cost data to date for the various

experiments included in this project.

Table 54.

—

Surface maintenance costs of 1913 experiments on Rockville Pike, Mont-
gomery County, Md., to December 31, 1915.

Ex-
peri-

ment
No.

Bituminous material.
Date
com-

pleted.

Total
cost 1

per

Surface 2

main-
tenance

Total
cost of

surface
Surface
main-

Length. square
yard

prior to
Jan. 1,

1915.

per
square
yard
during
1915.

per
square
yard to
Dec. 31,
1915.

tenance
per mile
per year

1915.

1913.

Sept. 22
Feet.

9,060
Cents.
12.34

Cents.
15.36 S27. 70 §1,129.90

Sept. 24 4,425 9.55 9.34 18.89 137.81

Sept. 30 7,400 9.05 11.37 20.42 401.20

Oct. 15
Nov. 21

7,100
6,775

11.28
11.30

3.93
4.02

15.21
15.32

170. 20
141. 78

Nov. 26 6,325 11.71 15.82 27.53 1,200.48

Dec. 5 6,689 10.03 10.38 20.41 828.84

Total
main-
tenance
per mile

for
1 year.

Refined coal tar (hot). . .

.

Refined water-gas tar
(cold)

Asphaltic petroleum
(cold)

Residual asphaltic pe-
troleum (hot)
do

Water-gas tar prepara-
tion (hot)

Asphaltic petroleum
(cold) ,

§1,486.49

202.22

529.25

276. 73
226.68

1,270.93

894.24

Average for trap and gravel. 2 To December 31, 1915.

Table 55.

—

Materials and cost data for surface retreatments in 1915 on Rockville Pike,
1913 project.

Reo-
Bituminous material.

Area
of

section.

Quantity of material per
square yard.

Cost per square
yard (cents).

tion
No. Bitum-

inous
material.

Gravel. Sand.
Bitum-
inous

material.
Gravel.

1 Refined coal tar, hot application. ....

Asphalticpetroleum,coldapplication
Water-gas tar preparation, hot appli-

Sq.ft.
15,000
7,400

10,542
11, 148

CfalloTis.

0.425
.165

.474

.204

Cu. yds.

0.014
Cu. yd.

0.038
.014

0.043
•^ 0.016
6

.018
7 .011 .022

Bituminous material.

Cost per square yard (cents).

Sec-
tion
No. Sand.

Cleaning
surface.

Applymg
bitu-

minous
material.

Applying
sand or
gravel.

Super-
vision.

Total.

1 0.003
.002

0.007
.008

0.015
.005

0.003
.005

0.109
3
6

Asphaltic petroleum,cold application
Water-gas tar preparation, not appli-

cation

0.036 .070

1.111
7 Asphaltic petroleum .023 .001 .006 -.004 .002 .058

1 Work done by contract.
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SUPPLEMENTARY REPORT OF EXPERIMENTS AT WASHINGTON, D. C,
1912.

TAR PREPABATION AND OILS, SURFACE TREATMENT.

The original report of these experiments was published in Circular

No. 99 of the Office of Public Roads, and inspection reports have
appeared in United States Department of Agriculture Bulletins Nos.

105 and 257. The following report describes the condition of the

pavement before re-treatment, the extent of the repairs during 1915,

and the condition of the experiments when inspected on February

25, 1916.

Section No. 1.

—

^Refined "Water-Gas Tar Preparation.

Section 1 appeared intact and required neither repairs nor re-

treatment during the summer of 1915.

Section 2 raveled locally in some spots to a depth of 2 inches or

more. Most of these failures were along the wheel tracks. Only one

was at the edge, and this failure was probably due in some measure

to defective drainage. The mat was worn unevenly, and over con-

siderable areas was entirely gone. The entire section was repaired

with penetration patches, in which an oil asphalt and limestone were

used, top-dressed with trap chips.

The cost of patching was

:

Labor $9.50

Materials 8. 10

Total 17. 60=$0.0155 per square yard.

The section was then re-treated with the same materials originally

used. An analysis of the asphaltic petroleimi is given in Table 57.

Section No. 3.—Residual Petroleum.

Section 3 had been persistently muddy during the last winter and

spring. The oily mud had been forced aside from the prevailing

wheel tracks, so that many bare places and depressions existed, and

one long rut about 1^ inches deep and 8 to 10 inches wide had devel-

oped along the north edge for some 75 or 80 feet at the west end.

Table No. 56.

—

Cost of preliminary repairs per square yard.

Section. Labor. Materials. Total.

1

2 10.0084
.0109

$0.0071
.0073

$0.0155
.01823

4
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The section was first patched in the same manner as section 2 and
then re-treated. To avoid, if possible, the marked deterioration of

this section during the winter, the material used on section 4 was
selected for this re-treatment, instead of the original material. The
cost of repairs was:

Labor $7. 75

Materials 5. 18

Total 12. 93=$0. 0182 per square yard.

Section No. 4.

—

Asphaltic Petroleum.

Section 4 remained in generally good condition. It required no
preliminary repairs and was re-treated with the material originally

used. An analysis of the bituminous material used on section 3 and 4

is given in Table 57.

Table 57.

—

Analysis of aspJialtic petroleums used on sections Nos. 2, 3, and 4, Wash-

ington, D. C, 1915.

Section 2.
Sections 3
and 4.

Specific ^avlty '2&°12&° C
Flash point °C
Burning point °C
Viscosity at 25° C, 50 cc. Engler specific

Loss, 5 hrs. at 163° C, 20 grams, per cent.
Float test on residue, 32° C. (time)
Float test on residue, 50° C. (time)
Percentage of total bitumen insoluble in 86° B. naphtlii

Fixed carbon, per cent

Soluble in CS2 (total bitumen), per cent
Organic matter insoluble in CS2, per cent
Inorganic matter insoluble in CS2, per cent

Total, per cent

0.963
31
84

128.4
23.14
2' 37"
1'4"

5.96
4.62

99.94
0.04
0.02

100.00

0.949
30
70

94.8
30.51
4' 35"
1' 23"
14.03
7.70

99.90
0.05
0.05

Table 58.

—

Quantities and costs of re-treatments per square yard.

Costs (materials).

Section No. Area. Bitumen. Sand.

Bitumen. Sand.
Total ma-
twials.

2
Sq. yds.

1,129
711

1,330

Gallon.
0.044
.229
.150

Cu. yd.
0.003
.007
.007

Cent.

0.0089
.0137
.0090

Cent.
0.0044
.0114
.0122

Cent.
0.0133

3 ... .0251

4 .0212

Costs (labor).

Section No.
Sweep-
ing.

Pouring
oil.

Broom-
iagoil.

Spread-
ing sand.

Hauling
sand.

Superin-
tendence.

Total
labor.

Total
costs.

3

Cent.
0.0018
.0048
.0011

Cent.
0.0015
.0014
.0007

Cent.

0.0039
.0057
.0024

Cent.
0.0012
.0024
.0012

Cent.
0.0039
.0046
.0008

Cent.

0. 0049
.0058
. 0052

Cent.
0.0172
.0247
.0014

Cent.
0.0305

2 .0498
4 .0326
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At the time of the inspection made on February 25, 1916, the con-

dition was substantially as follows

:

Section 1, which was not re-treated during the past season, appeared

in no need of re-treatment.

Section 2 had become rough and uneven, owmg both to settlement

imder traflEic in extremely wet weather and to disintegration of the

surface. One large hole had developed on the south side at a point

where traffic entering from Fourteenth Street fads to turn closely

enough to the north corner and in consequence shears away the south

edge for several feet. This section has also a number of potholes and
spots where the mat was entirely worn away. Extensive repairs will

be necessary as soon as the weather permits.

Section 3 suffered as usual on account of seepage from the terrace

that hes along the south side of the section. An effort was made to

drain this section and a small part of section 2, but suflElcient funds

were not available to complete the work.

Section 4 has remained in excellent condition. Only one small

area at the south end has required any attention. The break at this

point was due to the impact of traffic passing from the asphalt drive-

way tc the surface treatment.

SUPPLEMENTARY REPORT OF EXPERIMENTS AT CHEVY CHASE, MD.,
1912.

BITUMINOUS CONCRETE, CEMENT CONCRETE, OIL-CEMENT CONCRETE, VITRIFIED
BRICK, BITUMINOUS SURFACE TREATMENTS ON CONCRETE.

The original report of these experiments was begun in Circular No.

99 of the Office of Public Roads and completed in U. S. Department

of Agriculture Bulletin No. 105. Report of inspection made on

March 14, 1915, was published in Department Bulletin No. 257. The
following report covers the condition of experiments on February

28, 1916.

Experiment No. 1.

—

Bituminous Concrete, Topeka Specification.

The general appearance of the experiment is the same as at the last

inspection. Imperfections then noted still exist in addition to those

noted here. There is one bad break at the north side of the turn into

Bradley Lane. Both surface and concrete gutter are broken and

indicate some unusual blow. The depression noticed about midway of

the section near the curb has increased in size and depth. A second

cup-hole 200 feet north of Bradley Lane, near the east side of the

road, and a third one, 60 feet from the north end of the limestone

section, were noted. In the last 60 feet of this section, 10 or 12 slight

imperfections appear. On the trap section a noticeably increasing

waviness occurs along the gutter for a width of 2 to 2^ feet.
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Experiment No. 2.

—

Bituminous Concrete, District of Columbia Specification.

This surface continues in essentially the same condition as when
last reported. The same cracks were noted and in addition the sur-

face is worn near the curb and gutter, but is generally firm and smooth

even in these places. Small pits are to be found quite generally

scattered over the south two-thirds of the limestone section. These

decrease toward the north end. The expansion joint which was noted

in the last report as having failed again buckled in the spring and

early summer of 1915. The Portland cement concrete block, 1 foot

wide and approximately 18 inches deep, which was put in at this joint

was sheared horizontally by the stresses developed and the top 6

inches of the slab was lifted intact from the rest of the block. To
repair this joint, all of the broken concrete of experiment No. 3 was
removed. The crack limiting the area of failure was from 2 to 4 feet

back of the expansion joint. This entire section was re-laid with

concrete similar to the original experiment, with a 2J-uich joint left

for expansion. This joint was filled with heavy oil puddled with

sand.

Experiment No. 3.

—

Cement Concrete and Oil-Cement Concrete; Surfaces
Treated with Bituminous Materials.

The surfaces of this experiment have been permitted to wear with-

out repairs and the condition of the various sections at the time of

inspection was noted as follows:

(A) Refined coal tar.—Twenty to 25 per cent of the surface treat-

ment has worn off this section. The side toward the gutter shows

considerably more exposed concrete than the other side.

(B) Water-gas tar preparation No. 2.—This area continues shghtly

better than A, but is deteriorating more rapidly now than during last

year.

(C) Fluxed native asplmlt No. 2.—Eighty-five per cent of the mat
is gone on the west half and about 1 per cent on the east half.

(D) Fluxed native asplmlt No. 2 over water-gas tar preparation No.

1.—About 85 per cent of this treatment has disappeared from the

west half and about 5 per cent from the east half.

(E) Fluxed native asphalt over native asphalt emulsion.—About 85

per cent of this area is bare on the west half of the road and about 10

per cent on the east half.

(F) Oil asphalt No. 1 over water-gas tar preparation No. 1

.

—^A few

scattered patches only of the surface treatment remained.

(G) Refined coal tar.—The surface treatment is worn off to a great

extent over the entire section.

(H) Water-gas tar preparation No. 2.—Seventy-five per cent of the

surface is worn off from the west half but the east half remains almost

intact.
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(I) Fluxed native aspTidlt No. 2.—About 60 per cent of the treat-

ment is gone from the west half but the east half remains almost in-

tact.

(J) Oil as'phalt No. 2.—^About 35 per cent of the surface treatment

is gone from the west quarter of the road. The remainder is almost

intact.

Experiment No. 4 (Oil-Cement Concrete) and Experiment No. 5 (Cement
Concrete).

During the interval of another year there appears to have devel-

oped a shght difference in the wearing of the two classes of concrete.

On the gravel, limestone, and trap sections, the oU-cement appears

to have worn a little more than the cement concrete. The trap

section especially has become much rougher for a width of 2 feet

along the gutter. The marked difference in the wear on the east and
west sides is perhaps more noticeable than at last inspection.

Experiment No. 6.

—

Vitrified Brick.

There is no plainly visible difference in wear between the several

sections of this experiment.

A traffic census has been taken on this road every thirteenth day

for a 16-hour period. A tabulation of the maximum and average for

each class of traffic from March 8, 1915, to February 22, 1916, is given

in Table 59. The west side of the road carries south-bound traffic

coming from the railroad and the east side carries north-bound traffic

toward the railroad.

Table 59.— Volume and character of traffic on Connecticut Avenue north and south of
Bradley Lane and on Bradley Lane.

North. South. Bradley Lane.

Vehicle.
Maximum. Average. Maximum. Average. Maximum. Average.

East We^t East Wast East West East West East- West- East- West-
side. side. side. side. side. side. side. side. bound. bound. bound. l30und.

Loaded l-horse wagon.

.

6 22 2 13 18 14 9 8 14 10 5 4

Unloafled l-horse wagon 8 20 2 10 17 17 7 8 12 14 5 5

Loade'l 2-horse wagon.

.

12 82 5 34 21 88 9 32 30 12 10 6
Unloaded 2-horse wagon 55 34 14 16 80 12 30 4 8 19 1 7
Loaded 4-horse wagon.

.

2 4 1 3 3 1 1 3 2 1

Unloaded 4-horse wagon 1 1 1 1 1

l-horse pleasure vehicle

.

5 16 1 7 15 10 7 5 11 13 4 4

2-horse pleasure vehicle. 3 5 3 1 3 3

Rubber-tired horse ve-
hicle

10

6

50
35

2
1

1

3
13

1

10
22

13

17

3
11

3
9

5
24

43
13

1

8
Saddle horse 3

Motor cycle 7

Excessively heavy ve-
hicle 1

22
9

136 4

1

59
5

171

5

120
1

70
1

47
2

67
3

66 25
1

Motor runabout 28

Motor touring car M 689 10 211 Mf, 502 242 169 300 264 85 95

Loaded motor dray 32 81 2 34 63 39 30 23 22 29 13 16

Unloaded motor dray .

.

13 33 1 12 20 32 6 10 10 9 4 4



60 BULLETIN 407^ U. S. DEPARTMENT OF AGKIOULTUBE.

MAINTENANCE DURING 1915.

Repairs on these experiments, together with the total cost of each

experiment to December 31, 1915, are shown in Table 60.

Table 60.

—

Surface maintenance costs of 1912 experiments at Chevy Chase, Md., to

December 31, 1915.

Date
com-

pleted.
Area.

Maintenance cost of experi-
ment.

Total cost per square yard
(cents.)

Experiment No.
Total for

projects
to Dec.
31, 1914.

1915 Total.
Construe- Mainte-

tion. nance.

!

Total.

1 1912
...do

Sq. yds.

1,498
1,400
2,837

3,019
3,013
2,055

83.25
3.55
2.54

18.35
20.66

.41

S3. 25 i 1 Sfi- 62 0.22
.55

.13

.68

.75

.08

186. 84
2 S4.ll

1.03

2.15
2.07
1.36

7.66
3.57

20.50
22.73
1.77

195. 65
1 142. 12

1 151. 21
1 143. 13

258. 21

196. 20
3

4

Spring,
1913

...do

142.25

151. 89
5 ...do 143.88
6 ...do 258.29

1 Weighted average price for different aggregates.

SUPPLEMENTARY REPORT OF EXPERIMENTS AT CHEVY CHASE, MD.,
1911.

BITUMINOUS CONSTRUCTION AND SURFACE TREATMENT.

The original reports of these experiments are given in Circulars

Nos. 98 and 99, Office of Public Roads, and supplementary reports

appear in U. S. Department of Agriculture Bulletin No. 105, and

again in Department Bulletin No. 257. The following report is

based upon an inspection made February 28, 1916.

Section No. 1.

—

Refined Coal Tar, Penetration Method.

At the time of the inspection this experiment presented a surface

almost intact, except at the narrowest part on the curve, where traffic

is much concentrated. Here the mat is wearing off in sections. The
experiment is becoming somewhat rough along the gutter on the west

side, due probably to failure of the foundation. A similar condition

is noticeable in many of the sections of this project.

Section No. 2.

—

Refined Coal Tar, Modified Gladwell Method.

The condition of this section continues about the same as when
last inspected, except for a slightly increased roughness along the

gutter edge.

Section No. 3.

—

Fluxed Native Asphalt, Penetration Method.

Wear on this section continues along the line indicated last year.

Those areas which were without mat at the time of the last inspection

are quite generally marked with small pits which are adjacent to large

particles of exposed aggregate.
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Section No. 4.

—

Gilsonite Oil-A.sphalt, Penetration Method.

The mat on this section is nearly gone and during the summer,
especially on the north half of the experiment, heavy patching was
necessary. From indications it is probable that similar heavy patch-

ing will be required on the south half during the coming season. Dis-

integration has appeared along the gutter, due to foundation failure.

The mat is decidedly lacking in uniformity, but where the mat is gone
the stone is generally well bonded and is wearing smooth, except

along the gutters and near the south entrance to the Chevy Chase
Club. At this latter point several areas of approximately 1 square

foot each are a mass of small cracks, although the mat still covers

the stone. These spots are probably evidence of foundation weak-
ness.

Section No. 5.

—

Oil-Asphalt, Penetration Method.

On the east side of the car tracks this section is in generally good
condition. The mat is becoming very thin, however, especially on
that half of the road toward the gutter, and the stone is exposed

over large areas; but the aggregate appears well bonded, and the

exposed faces are wearing smooth without much tendency to ravel.

On the west side, while the road is much more worn and has been
heavily patched, especially toward the south end, it is now practically

intact, although rough.

Section No. 6.-—On,-Asphalt, Penetration Method.

This experiment has the general appearance of section 5. The east

side is worn somewhat more evenly than 5, and the stone is more
generally exposed, but there is no tendency to ravel. A seal coat

should be given in the spring. On the west side the surface is less

uniform and is badly pitted and rough for about 50 feet along the

gutter near the north end. This is probably due to foundation

failure, as mentioned in other sections. The location of this experi-

ment was such that at the extreme north end traffic passed over it

in almost every possible direction. The main entrance to the Chevy
Chase Club, a brick crossover on the suburban trolley tracks, the

turnout to Bradley Lane, and the fact that from this point north-

ward Kensington Road is surfaced on only one side, while to the

south it is surfaced on both sides of the tracks, were conditions that

brought such unusual traffic on the extreme end of this section as to

wear it very seriously. The adjacent experiment and the brick

crossover are much more resistant types of surface than the pene-

tration experiment. This contrast is brought out by the fact that

over an area of 12 to 15 square yards the penetration experiment was
worn from 1 inch to 2^ inches below grade. During the past summer
it became necessary to remedy this condition and it was done by
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scarifying a section about 40 feet long so as to include the entire

Chevy Chase Club entrance, then using the scarified material as a

base and laying a new wearing surface of bituminous concrete of the

analysis given in Table 61. A sample of the fluxed native asphalt

used in the misture gave the analysis shown in Table 62. At the

time of inspection this intersection was in perfect condition. The
total area of the intersection, as rebuilt, was 100 square yards, and
the work was done by contract at a cost of $150.

Table 61.

—

Analysis of bituminous concrete used in resurfacing a portion of section 6.

Per cent.

Bitumen soluble in CSg (total bitumen) 9.5

Mineral aggregate passing f-inch screen, retained on ^-inch screen 2.

Mineral aggregate passing i-incb screen, retained on ^-incb screen 11.

Mineral aggregate passing J-inch. screen, retained on |-inch screen 15.

3

Mineral aggregate passing J-inch screen, retained on 10-mesh sieve 5. 6

Mineral aggregate passing 10-mesh sieve, retained on 20-mesli sieve 14.

1

Mineral aggregate passing 20-mesh sieve, retained on 30-mesh sieve 9. 7

Mineral aggregate passing SO-meeh sieve, retained on 40-mesli sieve 9.

3

Mineral aggregate passing 40-mesli sieve, retained on 50-mesh sieve 7.

4

Mineral aggregate passing 50-mesh sieve, retained on 80-mesh sieve 11. 5

Mineral aggregate passing 80-mesh sieve, retained on 100-mesh sieve 2. 8

Mineral aggregate passing 100-mesh sieve, retained on 200-mesh sieve 3. 7

Mineral aggregate passing 200-mesh sieve 7. 6

Total 100.

Table 62.

—

Analysis offluxed native asphalt used in bituminous concrete, section 6.

Specific gravity, 25°/25° C 1. 070

Melting point, °C 55

Penetration 25° C. 100 grams, 5 seconds 50

Loss at 163° C. 5 hoiu-s, 20 grams, per cent 2. 51

Penetration of residue as above 22

Per cent of total bitumen insoluble in 86° B naphtha 26. 72

Fixed carbon, per cent 12. 52

Soluble in CSj (total bitumen), per cent 94. 85

Organic matter insoluble in CS2, per cent 1. 80

Inorganic matter insoluble in CSj, per cent 3. 35

Total, per cent 100. 00

Section No. 7, A and B.—Oil-Asphalt, Penetration Method.

Section A is much more distinctly mosaic than B and a little

smoother. It has a few potholes and will probably require a seal

coat in the spring. The south half of B still retains the mat fairly

intact, but it appears to be worn very thin. The surface is fuU of

short, irregular waves, especially on the north half, where there are

many bare places and a few potholes. Where cleaned the surface

shows a somewhat mosaic appearance and toward the north end
becomes noticeably smooth and regular.
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Section No. 8.

—

^Refined Watee-Gas Tar Preparation, Surface Treatment.

This section presents a very un-uniform appearance over most of

the area. The aggregate now shows and the surface is ready for a

seal coat. This treatment was postponed dm-ing the past season

only at the expense of considerable repair. In a few places there is

a heavy mat that appears to have been pushed up by traffic, but

elsewhere the mat is generally worn off.

Section No. 9.

—

Asphaltic Petroleum, Surface Treatment.

During the past season, sections 9 and 10 were re-treated uniformly.

At the time of inspection they much resembled each other, but 9 is

in better general condition. There are only three or four breaks

through the mat and, though wavy and uneven, the surface is nearly

intact. The marked difference between the east and west halves

of the section is not nearly so great as in No. 10. Table 63 gives an

analysis of the bituminous material used, and the cost of this re-treat-

ment is given in Table 64.

Table 63.

—

Analysis of asphaltic petroleum used on sections 9 and 10.

Specific gra^dty, 25°/25° C 0. 963

Flashpoint, °C 31

Burning point, °C 84

Viscosity at 25° C, 50 c.c, Engler specific 128. 4

Loss, 5 hours, at 163° C, 20 grams, per cent 23. 14

Float test on residue, 32° C. (time) 2^ 37'"

Float test on residue, 50° C. (time) V 4/^

Percentage of total bitumen insoluble in 86° B. naphtha 5. 96

Fixed carbon, per cent 4. 62

Soluble in CS, (total bitumen), per cent 99. 94

Organic matter insoluble in CSj, per cent 0. 04

Inorganic matter insoluble in CS2, per cent 0. 02

Total 100. 00

Section No. 10.

—

PiEsidual Petroleum, Surface Treatment.

This experiment continues to be the most troublesome section of

the entire project. Reference to previous reports will disclose that

it has had repeated attention, being once scarified and rebuilt and
once re-treated. In the spring of 1915, after having been very

muddy during the preceding winter, it had an irregular wavy mat
and there were numerous spots where the aggregate was exposed.

It rapidly disintegrated at these points and considerable repair work
became necessary. Fuially, on August 16 to 18, 1915, a second

re-treatment, using asphaltic petroleum, was given. This re-treat-

ment was extended over experiment No. 9 and its details are given

in the description of that section. At the time of inspection the

west half of the section agaiost the track was in fair condition, but
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the half along the gutter was muddy and showed a tendency to

disintegrate. A line of potholes existed along the middle. Much
patching will be required as soon as weather permits. In a few

places the road metal is raveling and the winter calks on the horses'

shoes have cut entirely through the mat on the east side of the road.

It appears from a few breaks just forming at the time of inspection

that it is this cutting of the mat which starts the numerous pot-

holes. The cost of this re-treatment is shown in Table 64.

Table 64.—Materials and cost datafor surface re-treatments.

Quantity of
3
a*

material per Cost per square yard (cents).

Bituminous material.

square yard.

6

'''it

3 3^ 3«*

a

n
a >HH

q ,

.

ii-a OTJ
.9 C M " o qS 'M

1 03

u III
1-
03 03u 1 1

7; a -2

P4 1
m < 5 o w M o m o <^ << m H

9 Asphaltic petroleum, cold
761

1,013
0.197
.172

0.016
.016

2.6
2.4

(1)

(1)

3.6
3.6

0.1
.2

0.4
.6

0.4
.5

0.4
.5

7.5
in do 7.8

1 Not ascertained.

MAINTENANCE DURING 1915.

In addition to the general re-treatments above described, the patrol

system of maintenance was continued during the year. Table 65

presents the total cost of this maintenance and the re-treatments,

together with the total cost of each experiment to December 31, 1915.

Table 65.

—

Costs of construction and of surface mainteannce to December SI, 1915, of
1911 experiments at Chevy Chase, Md.

Date
com-

pleted.
Area.

Maintenance cost of experiment. Construction per square
yard (cents).

Experiment No.

To 1913. 19141 1915 Total.
Con-
struc-
tion.

Mainte-
nance. Total.

1

1911.

Oct. 31
...do

Sq. yds.

1,581
705

1,555
1,555
1,447
1,555

131
848

1,477
761

1,013
377

SO. 00
.00
.00

4.05
262. 57
3.47
1.43

67.88

80.64
39.65
19.05

.00

S91.48
.00
.00

2.54
.90
.00
.45

1.33

.00
44.86

286.62
.00

S36.97
16.14
14.71
40.18
42.03
32.15
4.70
24.50

50.16
63.71

132. 17
.00

S128.45
16.14
14.71
46.77

305. 50
35.62
6.58

93.71

130. 80
148. 22
437.84

.00

46.18
64.42
64.69
57.18
58.27
68.22
59.96
54.80

2 39.59
42.01
44.31
81.51

8.12
2.29
.95

3.00
21.11
2.29
5.02
11.05

8.86
19.48
43.22

.00

54 30
2.... 66 71
3 Nov. 18

Nov. 8
Dec. 2
Nov. 23
Dec. 5
...do

65 64
4.... 60 18
5 79 38
6.... 70 51
7a 64 98
7b 65 85

8
1912.

Aug. 24
June 4
Nov. 22
Dec. 16

48.45
9 61 49
10.... 87 53
11 81 51

1 Differences between these quantities and those appearing in Table 25, page 34, U. S. Dept. Agr. Bul-
letin 257, are due to a distribution of " General expenses," not made in the earlier table.

2 The construction costs here shown for sections 8, 9, and 10 are uniformly 32.58 cents higher than those
appearing in the original table of costs on page 9 of Circular No. 99. The amount represents the cost of the
2-inch top course of water-bound macadam, and it is added here in order to mate the costs of the wearing
courses of these sections comparable with the costs of penetration and mixed surfaces on other sections.
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A traffic census is taken every 13 days for a 16-h,oiir period. A
tabulation of the maximum and average of each, class of traffic for the

period between March 8, 1915, and February 22, 1916, is the same as

that taken for the 1912 Chevy Chase experiments. Each side of the

road carried traffic in one direction only.

SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT JAMAICA, N. Y.,

1911.

OIL-CEMENT CONCRETE, OIL-ASPHALT, TAR, AND FLUXED NATIVE ASPHALT.

The original report of these experiments was pubhshed in Circular

No. 98, and reports of annual inspections and repairs are given in

Circular No. 99, Office of PubUc Roads, and in U. S. Department of

Agriculture Bulletins Nos. 105 and 257. The following report relates

to the condition of the pavement on January 22, 1916.

Experiment No. 1.

—

Oil-Cement Concrete.

The bituminous surface treatment is worn away to a very con-

siderable extent. At present the concrete is exposed in many large

and small patches, and is generally somewhat worn and potted,

especially at the street intersection.

Experiment No. 2.

—

Cut-back Oil-Asphalt, Mixing Method.

This experiment will not be reported on again, excepting for the

easterly 50 feet. It was entirely scarified in October, 1915, with the

exception of the easterly 50 feet, shaped and rolled, and then surfaced

with 2 inches of asphaltic concrete prepared according to the Topeka
specification. The easterly 50 feet is still in fair condition in the

center, but is somewhat wavy along the sides.

Experiment No. 3.

—

^Fluxed Native Asphalt, Mixing Method.

This section is in practically the same condition as indicated in

the last inspection report. The waves along the north side for the

easterly 30 feet have become somewhat deeper and there is a shght

waviness appearing along both sides throughout the entire length of

the section.

Experiment No. 4.

—

Refined .Coal Tar, Mixing Method.

This section is in good condition for a width of about 15 feet along

the center. It has become som(!what wavy along both sides through-

out its entire length. On the south side from station 10 + 68 to the

east end of the section for a width of about 5 feet, where the seal coat

was worn off last year, the pavement is now crumbhng.'
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Experiment No. 5.

—

Cut-back Oil Asphalt, Mixing Method.

From the west end up to station 12 + 50, with the exception of

that part opposite Hardenbrook Street, this section is badly worn
out and should be rebuilt. The part opposite Hardenbrook Street

is still in fair condition. From station 12 + 50 to the east end of the

section the pavement is fairly good, but the south half of it shows

considerable wear and the indications are that this part will need to

be rebuilt within a year. No work has been done on this section,

except that about six holes were repaired by the borough maintenance

crew during the past summer.

Experiment No. 6.

—

Oil-Asphalt, Penetration Method.

This section is practically in the same condition as indicated in

the last inspection report, except that the seal coat has worn until it

has entirely disappeared in some places. A shght waviness is develop-

ing along both sides over the entire length of the section. The narrow

strip where the seal coat had been picked up last year has healed and
is not visible now.

Experiment No. 7.

—

Refined Coal Tar, Penetration Method.

This section is still in good condition, with the exception of a strip

about 5 feet wide along the south side, where it is disintegrating

throughout its entire length.

Experiment No. 8.

—

Fluxed Native Asphalt, Penetration Method.

This section is apparently in the same condition as indicated in

the last inspection report, except for a small hole 1 foot long and

2 feet wide on the south edge at station 17 + 60.

Experiment No. 9.—On. Asphalt, Penetration Method,

This section appears to be in about the same condition as indicated

in the last inspection report, except that the narrow strip where the

seal coat was picked up has healed and is not now visible.

In reference to this experimental road and the waviness which has

been developing along the sides of all of the bituminous sections, it

seems weU to call attention to the fact that this road was originally

built about 1895 as a plain macadam road 18 feet wide, and about 1905

it was reconstructed and surfaced for a width of 25 feet by widening

3^ feet on each side of the old road. It seems probable that the newer

part has not the depth of stone or was not as thoroughly compacted
as the 18 feet in the center.
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SUPPLEMENTARY REPORT OF EXPERIMENT MADE AT AMES, IOWA,
1910.

OIL-ASPHALT GEAVEL.

The original report of this experiment was pubhshed in Circular

No. 90, and reports of succeeding annual inspections appear, respect-

ively, in Circulars Nos. 98 and 99 of the Office of PubHc Roads and in

U. S. Department of Agriculture Bulletins Nos. 105 and 257.

The driveway on which this experiment was made is 27 feet wide

between gutters, but owing to local conditions traffic is confined

practically to the eastern two-thirds of the pavement. Several

shght inequahties appeared in the traveled way in 1914, and these

were partly eliminated by reshaping the road with a grader. The
surface was then treated with a hght asphaltic oil, but the effect of

this treatment had almost, entirely disappeared in December, 1914.

In June, 1915, a similar treatment of very hght oil was appHed, with

no more permanent effect than that of the previous one.

In October, 1915, a heavier asphaltic oil was apphed to the traveled

portion of the road at the rate of one-haM gallon per square yard.

This work was done under the direction of the superintendent of the

grounds and represents the manitenance the roadway has received

since its construction in 1910. When inspected December 10, 1915,

the gravel surface was well crowned and was covered with a cushion

about three-fourths of an inch thick, shghtly wavy, but dense and

well compacted.

SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT KNOXVILLE,
TENN.

TAR AND OIL PREPARATIONS.

The original report of these experiments was pubhshed in Circular

No. 94, and reports of subsequent annual inspections appear in

Circulars Nos. 98 and 99, Office of PubUc Roads, and in U. S. Depart-

ment of Agriculture Bulletins Nos. 105 and 257. The last inspection

was made December 10, 1915.

These experiments consisted of three bituminous macadam sections

constructed by the penetration method. The binders used were, for

section No. 1 a refined coal tar, section No. 2 a refined tar preparation,

and section No. 3 an oil-asphalt. By January, 1913, section No. 1

had raveled throughout its entire area and by November, 1914, had

failed completely except for two small areas. Section No. 2 showed

only a small number of raveled places in January, 1913, but by
November, 1914, had become so seriously pitted that reconstruction

seemed necessary. Both sections impeded motor traffic noticeably.

Section No. 3, on the other hand, was still in excellent condition.

In the spring of 1915 the county road officials ordered the holes in

sections Nos. 1 and 2 filled with ciiishod stone. After this rock had
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been compacted by traffic, a surface treatment of ligbt asphaltic oil

was applied to the three sections. Section No. 3 is readily recognized

by its smooth, even surface and weU-preserved cross section.

As these experiments are no longer comparable as types of bitumi-

nousmacadam pavement, their behavior -will not be reported hereafter.

SUPPLEMENTARY REPORT OF EXPERIMENTS AT YOUNGSTOWN, OfflO,

1910.

SLAG. SLAG AND LIME, SLAG AND WASTE SULPHITE LIQUOR PREPARATION, AND SLAG
AND TAR.

The original report of these experiments was pubhshed in Circular

No. 92 and subsequent reports of annual inspections are given in

Circulars Nos. 94, 98, and 99, Office of Pubhc Roads, and in U. S.

Department of Agriculture Bulletins Nos. 105 and 257. The follow-

ing is a report of the condition of the roadway on December 3, 1915.

The sections are discussed in the order of their section numbers,

beginning at Mahoning Avenue. With the exception of the tar-slag

section, the road was covered with a thin sheet of snow at the time of

the inspection, which concealed some of the surface details.

Section No. 1.

—

Blast-Furnace Slag.

The condition of this section has not changed appreciably during

the past year. The surface is somewhat worn and pulverized in the

middle of the road and wide, shallow ruts are noticeable in the wheel

tracks. These ruts are not so pronounced as in the next two sections,

however. Aside from these defects, the surface is smooth, uniformly

worn, and free from large protruding stones.

Section No. 2.

—

Blast-Furnace Slag and Lime.

The general condition of this section is about the same as that of

section No. 1. The ruts are somewhat more pronounced, particularly

the one on the west side of the traveled way, and a depression, which

was evidently due to wear, was noted about 50 feet from the north

end of the section.

Section No. 3.

—

Blast-Furnace Slag and Waste Sulphite Liquor Preparation.

Little change has taken place in the condition of this section dur-

ing the past year. About 100 feet from the north end two shallow

depressions have formed in the wheel tracks, and for 200 feet from

the north end the surface is worn and slightly depressed in the middle

of the road. The ruts referred to in the two preceding sections

extend to the top of the shght grade near the middle of this section;

The south half of the section, which hes on the grade, is noticeably

better than the north half and is one of the best preserved parts of

the entire road.
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Section No. 4.

—

Blast-Furnace Slag and Repined Ooke-Oven Tar.

The greater portion of this section was constructed over a deep

fill and, as noted in previous inspection reports, initial failure was
due to unequal settlement. The surface over the fiU and the short

stretch to the north has disintegrated and numerous holes and depres-

sions have formed, ranging from a square foot to a square yard in

area. The south 50 feet of the section, which has not suffered from

settlement, remains practically intact and presents a smooth, true

surface. The wearing surface was cut through with great difficulty

and it was necessary to use a sharp pick in order to remove a small

section for examination.

Section No. 5.

—

Blast-Furnaob Slag.

As noted in former inspection reports, this section is lower at its

junction with section No. 4 by about 1^ inches. The ruts in the

portion lying in the damp cut remain. The south one-third of the

section, which at the last inspection was in very satisfactory condi-

tion, has developed two depressions at 165 feet and 135 feet, respec-

tively, from the south end. Both were about 2J inches in depth

and showed signs of raveling.

Section No. 6.

—

Blast-Furnace Slag.

This section has not changed materially during the past year. The
ruts are wide and more pronounced than in the preceding sections,

but there is less loose pulverized material in the middle of the road.

There are two rather deep depressions in the traveled way near the

middle of the section and three long, deep ones in the east rut in the

north 100 feet of the section. However, there was no evidence of

raveling in any of these depressions.

Section No. 7.

—

Blast-Furnace and Open-Hearth Slag.

The condition of this section has not changed appreciably in the

past 12 months. The surface as a whole is firm and well bound and

noticeably harder than any of the other sections, except that portion

of No. 4 which stiU remains intact.

Several years ago the fill near the south end of the section settled

irregularly and a deep hole was formed. This has not been repaired

and continues to be a menace to traffic.

SUPPLEMENTARY REPORT OF EXPERIMENTS AT GARDEN CITY, BUCK-
UN, FORD, AND DODGE CITY, KANS., 1908.

SAND-CLAY.

The original report of these experiments is contained in circular

No. 90, and reports of subsequent annual inspections arc published

in Circulars Nos. 92, 94, 98, and 99, Office of Public Roads, and in



70 BULLETIN 407, U. S. DEPARTMENT OF AGRICULTURE.

U. S. Department of Agriculture bulletins Nos. 105 and 257. The
reports for the year 1915 are subjoined.

These roads are maintained by the highway officials of the respec-

tive counties in which they are located. They are subject to heavy

seasonal traffic, due to the marketing of cereal crops. The usual load

is about 80 bushels of wheat or shelled corn hauled in narrow-tired

wagons. Loads of 100 bushels are not infrequent.

EXPERIMENT AT GARDEN CITY, KANS.

This road was inspected December 20, 1915. There had been no
rainfall in more than 2 months, during which time the roadway was
subjected to much heavy horse-drawn traffic, due to the marketing

of wheat and com. This had developed depressions from 2 feet to

4 feet square in the middle half of the road surface at intervals of

from 150 feet to 300 feet. The depressions were from 2 inches to 4

inches deep. Where free from holes, the road is well crowned.

The road has been maintained by filling depressions with gypsum
clay and by dragging with a 3-bladed steel drag after each rain.

The dragging had been done approximately twice a month up to the

time of the protracted drought above mentioned. As a consequence

the ditches are open, the shoulders are weU shaped, the edges of the

sand-clay surface are protected from erosion, and the entire roadway
has a neat and well-kept appearance.

EXPERIMENT AT BUCKLIN, KANS.

This road was inspected December 20, 1915, and its condition found

to be as foUows

:

Beginning at the southern end of the section for the first one-third

of a mile the cross section was flat and two wide, shallow ruts had
formed. There were no places where the sand-clay mixture had
broken through, but several gave evidence of weakening under the

heavy hauling due to marketing the cereal crops.

In the next one-third of a mile the road is in poor condition. Deep
ruts have developed throughout this entire distance and in several

places have worked through the sand-clay sxu^ace. The cross sec-

tion is flat and ridges which obstruct lateral drainage have formed
along the outside edge of the sand-clay surface. The condition of this

section is so unsatisfactory that traffic avoids it by going outside the

ditch lines.

The remainder of the road, approximately one-third mile, is in

fair condition. It has sufficient crown to shed water, the ditches

are open, and only a few depressions have formed. The holes in

the approach to the south end of the bridge over the Arkansas River,

which were reported in November, 1914, had been filled with new
material.
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The unsatisfactory condition of the road is ascribed to lack of care

of the road during and after the very heavy rains of the past summer.
The roadway can be saved by the addition of suitable new material

and by reshaping the surface.

EXPERIMENT AT FORD, KANS.

This road was inspected December 20, 1915. In the first 100 feet

south of the bridge over the Arkansas River the road has become
flat. One depression has formed at the end of the bridge and at two
other places on the filled approach to the bridge the sand-clay surface

has been cut through.

The remainder of the section has been shaped with a road grader,

but too much sand was brought upon the surface from the ditches

during this process. In consequence the surface has become weak-

ened and two deep ruts have formed under trafl&c.

The depressions should be filled and a thin dressing of new material

apphed to the entire surface to take up the excess of sand.

SUPPLEMENTARY REPORT OF EXPERIMENTS MADE AT BOWLING GREEN,
KY., 1907.

KENTUCKY ROCK ASPHALT.

The original report of this experiment was pubHshed in Circular

No. 89, and reports of annual inspections are given in Circulars Nos.

90, 92, 94, 98, and 99, and in U. S. Department of Agriculture Bulle-

tins Nos. 105 and 257. The inspection on which this report is based

was made December 13, 1915.

This work has not been repaired or cared for in any respect since

its construction. Debris carried or dropped upon it has been swept

by rain and traffic into ridges on each side, which interrupt lateral

drainage and hold dirt on the surface. Consequently the deteriora-

tion has not resulted from traffic only. The failm-e is most marked
in the western one-third, where the surface is fuU of holes varying

from 4 square feet to 12 square feet in area. In the middle one-third

of the pavement length there is one large broken area at the south edge

which is 4 feet wide by 10 feet long. The eastern one-third of the

section is stOl practically intact. Here the most noticeable defect is

a shallow unbroken rut on the south side made by a heavy concen-

trated load during construction and not entirely ehminated by subse-

quent roUing. Where the surface is broken the asphalt has disap-

peared and the rocks are loose. Where the binder has not failed the

siurface is smooth and hard and firm.



ADDITIONAL COPIES

OF THIS PUBLICATION MAY BE PROCUKED FROM
THE SUPERINTENDENT OF DOCUMENTS

GOVERNMENT PRINTING OFFICE

WASHINGTON, D. C.

AT
10 CENTS PER COPY

\7



UNITED STATES DEPARTMENT OF AGRICULTURE

BULLETIN No. 408
Joint Contribution from the Bureau of Entomology,

L. O. HOWARD, Chief, and the Bureau of Chemistry,

CARL L. ALSBERG, Chief.

Washington, D. C. T October 28, 1916

EXPERIMENTS DURING 1915 IN THE DESTRUCTION
OF FLY LARV^ IN HORSE MANURE.^

By F. C. Cook, Physiological Chemist, Bureau of Chemistry, and R. H. Hutchison,

Scientific Assistant, Bureau of Entomology.

CONTENTS.

Introduction 1

Methods 2

General account of substances used 3

Summary 17

INTRODUCTION.

This bulletin is a report of experiments on the chemical treatment of

manure during 1915, conducted with a view to destroying the fly larvae

therein without injuring the manure for agricultural purposes. As
in the experiments previously reported, the cooperative arrangement

between the Bureaus of Entomology and Chemistry was continued.

The experiments carried out during 1913 and 1914 have been fully

reported in Department Bulletins 118(1)^ and 245 (2) and include tests

of the larvicidal action of a large number of inorganic and organic com-

pounds. Material from several plant sources was included among the

organic compounds tested. The results of the experiments during

1913 and 1914 pointed to a number of substances having pronounced

larvicidal value, but the majority of these substances did not meet

the full requirements, viz, (1) cheapness; (2) noninjurious action on

the bacterial flora, on the chemical composition of the manure, and

on the growth of plants;^ (3) lack of extremely toxic properties.

I Experimental work during the summer was conducted on the farm of the Bureau of Animal Industry

at Bethesda, Md., and during the autumn at the Louisiana Experiment Station at Baton Eouge, La.

The entomological work at Baton Itouge was done by Mr. J. L. Webb, of the Bureau of Entomology; the

bacteriological counts at Washington were made by Dr. L. P. Shippen of the Bureau of Chemistry, and at

Baton Rouge by Dr. C. W. Edgerton and Dr. Ifarry Morris of the State Experiment Station. Thanks are

due Dr. W. K. Do'lson, Director of the LouLsiana State Experiment Station, for facilitating the work

at Baton Rouge. /

» Numbers in parenthesis refer to "Literature cited," p. 19.

' A detailed discu-ssion of the effect of boron on plants and plant growth is embodied in an article in the

Journal of Agricultural Research, vol. .0, No. 19, page 877, " Boron: Its absorption and distribution in plants

and its effect on growth," by F. C. C!ook.

62085°—Bnll. 40^^—16 1
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Of all the substances whicli were foiind to be effective, borax was
the cheapest, most generally available, and the most easily transported

and handled, but it was open to the objection that excessive amounts

added to manure (the probable result of carelessness in apphcation)

woidd result in injury to plants grown in soil to which this manure
would be appHed (3). It was accordingly considered advisable in

these experiments to restrict the use of borax to garbage heaps, out-

houses, offal of various kinds, in fact, to any possible breeding mate-

rial not intended for use as a fertilizer, and to recommend powdered

hellebore for the treatment of all material Hkely to be used for fertihz-

ing purposes.

Powdered hellebore, when used at the rate of one-half pound per 8

bushels of manure, showed a larvicidal action about equal to that of

boraxwhen the latter was apphed at the rate of two-thirds of a pound
per 8 bushels, and it was evident that no injurious action either on
manure or on the growth of plants followed the application; in fact,

the hellebore was found to have disappeared from manure after a

period of 30 days. The price of powdered hellebore, with that of

drugs in general, has increased considerably during the past 2 years.

The fact that a plant material was found possessing such high

larvicidal powers led to an investigation during the past season of

various plant materials which were known to contain alkaloids or

glucosids, or were thought to possess some value as larvicides.

Included in the list to be studied were a number of common weeds,

parts of trees, shrubs, etc., which at the present time have no economic

value. There seemed to be a possibility that this line of experi-

ments might point to some widely distributed and abundant plant

containing a substance specifically poisonous to coprophagous larvae.

The season's work also included tests with fertilizer mixtures, such

as calcium cyanamid and acid phosphate, calcium cyanamid and
kainit, etc., with the idea that some combination might be found

which would possess a high larvicidal power and also increase the

fertnizing value of the manure.

METHODS.

The methods employed were the same in most details as those

described in Department Bulletins 118 (1) and 245 (2). The same
cages that had been employed during the season of 1914 were found
to be satisfactory. As in the previous tests, 8 bushels of fresh larvae-

infested manure were added to each cage and treated in three layers.

When any substance was used dry it was also applied in three layers,

and each layer of the treated manure was sprinkled with water. The
methods for the open-pile experiments were sHghtly modified, so that

instead of collecting and counting the puparia after a period of 6 to 8
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days following the treatment, a pyramidal cage having a flytrap at the

top was placed over the pile immediately after the last treatment,

and all emerging flies collected in the trap were chloroformed and
coimted. The figures given in the tables are for the house fly only.

Stomoxys calcitrans, certain species of Phorbia, and various Sarcopha-

gidse were often present, but in comparatively small numbers. In ad-

dition to the cage and open-pile experiments a few tests were made,

placing manure in large wooden boxes which were lined with heavy
paper to prevent the migration of larvae through the cracks or corners.

Netting and flytraps were attached to the tops of the boxes. , Methods
of chemical and bacteriological examination of the manure were prac-

tically the same as those employed in previous investigations, and
described in detail in Department Bulletin 118 (1), pages 3 to 8,

with the exception that nitrates were determined colorimetrically by
means of diphenylamin. The examinations were made only in the

case of a few substances where favorable larvicidal action was shown.

The nitrogen results^ obtained by the distillation method with

magnesium oxid (A. O. A. C. method) (7), are included in the tables

under the head of amid nitrogen, the ammonia nitrogen as determined

by the Folin and Macallum aeration method (4) being deducted from

the nitrogen results by the distillation method.

GENERAL ACCOUNT OF SUBSTANCES USED.

Most of the substances tested during the past season fall naturally

into two groups: (1) Infusions of poisonous plant materials, and (2)

fertilizing mixtures.
PLANT INFUSIONS.

Plant infusions were prepared by mixing a weighed amount of

powdered or finely divided material with a measured quantity of

water, stirring well, and allowing the mixture to stand overnight.

The resulting infusion was used within 24 hours, applying it to the

manure with a sprinkling can from which the nozzle was removed
if there was any tendency to clog. In tliis way, the solid as well as

the liquid portions of the plant material were directly applied to the

manure. The results of cage experiments with plant materials are

shown in Table 1, and the results of the open-pile experiments in

Table 2.

1 All nitrogen determinations were made by the Nitrogen Laboratory of the Bureau of Chemistry.
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Table 1.

—

Destruction of fly larvse in horse manure—Results with poisonous plant
materials.

[Cage experiments, Bethesda, Md., 1915.]

'

Treatment of 8
bushels ofmanure,

Apparent
larvicidal
effect (per
cent of
control
average).

Flies emerged
from control

No. Material used. Form used.
using 10 gallons

of infusion
(amount of plant

Flies
emerged
(number).

cages

material used per Num- Aver-
10 gallons). ber. age.

1 Asclepias {Ascle-pias Powdered root fA, 1 poimd
\B, 1 pound

338 54 385
733

tuberosa). 431 42 1,345
•^ Berberis (JBerberis

aquifoUum).
do fA, 1 pound

(B, 1 pound
207 60 982
40 92 35

508

3 Bitter-sweet {Solanum Powdered entire (A, 1 pound
\B, 1 pound

378 26 982
508

dulcamara). platit. 92 82 35
4 Black lieUebore {Hel- Powdered root /A, § pound

\B,| pound
100 385

733
lebOTUs niger). 583 21 1,345

5 Black locust (JRobinia Powdered bark . .

.

/A, 1 pound
\B, J pound

827 50 1,164 1 639
psevdacacia). 1,009 39 2,114

A, 4 pounds 2,317 1,141
B, 2 pounds 2,433 2, 161 1,488

6 Castor bean {Ricinus Ground cake ^C, 1 pound 2,726 1,164
communis). D, 1 pound 587 982

508
E, 1 pound 198 62 35

7 Ciachona ( Cinchona Powdered bark..

.

/A, 1 pound
IB, 1 pound

23 97 385
733

succirubra). 187 75 1,345
8 Hellebore ( Veratrum Powdered root /A, ^ pound 1

\B, Ipoundi
116 92 1,075

1,474
viride). 53 97 1,872

(A, 1 poimd 976 41 1,164
9 Hemlock, poison (Co- Powdered fruit ^B, Jpound 1,828 1,639

nium. maculatum). [C, J pound 1,492 9 2,ii4

10 Jaborandi (Pilocarpus Powdered leaves .

.

/A, 1 pound
\B, 1 pound

305 59 385

f
733

jaborandi). 604 18 1,345
A, 4 pounds 1,045 30

11 Jamaica dogwood (Pis-
ddia erythrina).

Powdered bark of
roots.

B, 2 pounds
<C, 2 pounds
A, 1.35 pounds..

797
672
573

46
55
65

1,075
1,872
1,164

(

1,474

1 639
B, 0. 67 pound. .

.

716 57 2,114

12 Larkspur (DelpMnium Ground seeds /A, 1 pound
\B, 1 pound

284 81 1,075 1 1 474
sp.). 418 72 1,872

A, 1 pound 3,553

}
13 Laurel (Kalmia lati- Dried leaves •^B, § pound 2,423

1 2 114
1,639

folia). C,i pound
A, 4 pounds

1,583
44 97 1,141

14 Quassia (Picrasma ex- Powdered chips. .

.

^B, 2pounds 2,501 2,161 [• 1,488
celsa). C, 1 pound

A, 2J pounds
727

2,282
52 1,164

1,141
15 Soapweed (Agave le- Macerated roots . .

.

-^B, 15 pounds 1,308 12 2,161 > 1,488
cheguilla). C, f pound 1,123 25 1,114 ^

1 Applied dry, 10 gallons water added.

Table 2.

—

Destruction of fly larvse in horse manure—Results with poisonous plant

materials.

[Open-pile experiments, Bethesda, Md., 1915.]

i."NO. Material used. Form used.

Treatment of 4 bushels
manure, using 5 gal-

lons iafusion(amount
of plant material
used per 5 gallons).

FUes
emerged
(num-
ber).

Apparent
larvici-

dal efEect

(per cent
of con-

trol aver-
age).-

Flies emerged
from control

cages.

Num-
ber.

Aver-
age.

1 Absinthe (Arte-
misia absinth-
ium).

Anthemis (Artthe-
mis Twbilis).

Hellebore ( Vera-
trum viride).

Poke root (Phyto-
lacca decandra).

Powdered leaves..

Powdered flower-
ing heads.

Powdered roots...

do

f A, i pnnnd 450
683

331

653
353
636
241
96

1,873
710

3.0

93.0
87.0
51.0
80.5

391
293

391
293

7,192
2,391

528
456
528
456

1 342
\T{j i poilTirl

9

} 342
\B, i pound
f
A^ i pound

} 4,791
3 Ib^ 1 pound

1 492
iDj'jpound'

4 / A
J
i pniinri

1 492
\ B^ 1 pound '.

1 Applied dry, 5 gallons water added.
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The results obtained during 1914 with corn cockle (Agrostemma

githago), a commercial extract of tobacco (Nicotiana tdbacum) con-

taining 40 per cent nicotine sulphate, and stramonium {Datura stra-

monium) showed no marked or consistent larvicidal action, and these

substances were not tested during the past season.

A few experiments with hellebore ( Veratrum viride, Veratrum album)

were carried out this year to supplement the results of the previous

season. The figures obtained both in the cage and open-pile experi-

ments confirm the statements previously made as to its effectiveness.

The results in Table 2 indicate that the hellebore infusion which had
been standing for 20 to 24 hours was more effective than the helle-

bore apphed as a powder and immediately sprinkled with water.

Two tests were made during the past season, using a 1 per cent

infusion of grounji larkspur seeds (DelpJiinium sp.). An apparent

larvicidal action of 72 and 81 per cent was obtained. In view of the

cost and the comparatively low efficiency of this material it is hardly

to be considered a practical larvicide.

An infusion prepared from the macerated roots of soapweed (Agave

lecheguilla) was again tested, but the results were practically negative.

During 1915, 18 plant substances were tested, and a study of Tables

1 and 2 shows that Berberis, Cinchona, and quassia were the only

substances which gave indications of having any effect on fly larvae.

Berberis and Cinchona are both expensive, and as apparently large

amounts of quassia are necessary to act as an effective larvicide none

of these three substances can be considered practicable. Black helle-

bore (Hellehorus niger) was used in two experiments, but the results

were inconsistent. This plant is not only of a different genus but

belongs to a different family of plants than Veratrum viride and

Veratrum album.
FERTILIZING MIXTURES.

During the season of 1913 several tests were made with calcium

cyanamid, kainit, and acid phosphate, using each separately. The

results were such that no one of these substances could be considered

a good larvicide when used in reasonable amoimts. As calcium

cyanamid and kainit showed some larvicidal action, and as the value

of using a fcrtihzcr as a larvicide is obvious, experiments were started

during 1915 with the hope of finding an effective fertilizer mixture.

In addition to the foregoing, gypsum, Chile saltpeter, and muriate of

potash were tried in mixtures. The results of these tests are sum-

marized in Tables 3, 4, 5, and 6.

Chile Saltpeter (NaNOj) and Acid Phosphate CaH4(P04)2, Ca2H2(P04)2,

^'a3(P04)2.

A mixture of 2 pounds each of Chile saltpeter and acid phosphate

was used in duplicate cage experiments (Table 3, No. 3). The
results wore poor, showing on the average about a 36 per cent larvici-

dal action.
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Table 3.

—

Destruction of fly lary^^ in^ hovse mo,nure—Results with fertilizer mixtures.

[Cage experiments, Bethesda, Md., 1915.]

No. Material used.
.
Treatment of 8 bushels manure with fol-

lowing amoimts of mixtures, then
sprinkled with 10 gallons of water.

Flies
emerged
(num-
ber).

Apparent
larvicidal

effect (per
cent of
control

average).

Flies emerged
from control

cages.

Num-
ber.

Aver-
age.

Calcixmi cyanamid+
acid phosphate.

do

A, 1 pound calcium cyanamid-|-4
pounds acid phosphate.

B, 2 pounds calcium cyanamid+ 2
pounds acid phosphate.

C, li poimds calcium cyanamid+ 2J
pounds acid phosphate.

A, f pound calcium cyanamid+ 6
pounds acid phosphate.

B, f poimd calcium cyanamid+ 6
pounds acid phosphate.

A, 2 pounds saltpeter-|-2 poimds acid
phosphate.

B, 2 pounds saltpeter+ 2 pounds acid
phosphate.

A, 1 pound calcium cyBnamid+ 2
pounds gypsum.

B, 1 pound calciiun cyanamid+2
pounds gypsum.

(A, J pound borax+ff.3 pound gypsum.

.

\B, f pound borax+0.3 pound gypsum.

.

156

16

89

905

831

1,934

1,661

610

385

37
22

90.5

99.0

94.0

67.5

70.2

30.6

42.5

78.2

86.3

98.7
99.0

1

9

1,075

1,872

2,910

2,665

2,910

2,665

2,910

2,665

2,910
2,665

1,474

i 2,787

3

4

5

Chile saltpeter+
acid phosphate.

Calcium cyanamid+
gypsum.

Borax + gypsum

—

i 2,787

[ 2,787

} 2,787

Calcium Cyanamid (CaCNg) and Gy»psum (CaS04).

A mixture of 1 pound of calciutn cyanamid and 2 pounds of gypsum
was used in duplicate in cage experiments at Bethesda, Md., with an

average larvicidal action of 82 per cent (Table 3, No. 4). This is very

nearly as high as the average larvicidal action for mixtures of 1 poiind

of calcium cyanamid with varying amounts of acid phosphate, and in-

dicates that gypsum may be used in place of acid phosphate in mix-

tures with calcium cyanamid.

Borax (Na2B407) and Gypsum (CaSOi).

Although borax is not a fertilizer, it was tried in a mixture with

gypsum with the idea that the SO4 radical in gypsum might tend to

reduce the toxic action on plant growth, which is known to result

from the application of large amounts of borax. The figures given

in Table 3, No. 5, show that borax gave excellent larvicidal results

in the presence of gypsum, but the effect of manure treated with this

mixture on plant growth was not determined.

Calcium Cyanamid, Kainit (KCl and MgSO^), and Acid Phosphate.

This is an ideal mixture from the point of view of a fertilizer, as it

furnishes the three essential elements of plant food, namely, nitrogen,

potash, and phosphoric acid.

The results of 8 open-pile experiments, using from one-eighth poimd
to 1 pound of calcium cyanamid in the mixtures, are recorded in

Table 4, Nos. 2 and 3. The larvicidal results were all low and
irregular, varying from 10 to 81 per cent.
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Table 4.

—

Destruction of fly larva; in horse manure—Results with fertilizer mixtures

and solutions of calcium cyanamid.

[Open-pile experiments, Bethesda, Md., and Baton Rouge, La., 1915.]

No. Material used.

Treatment of 4 bushels oT manure
with following amounts of mix-
tures, then sprinkled with 5 gal-

lons of water.

Flies
emerged
(num-
ber).

Apparent
larvicidal
effect

(per cent
of control

Flies emerged
from control cages.

Num-"
• ber.

Calcium cyanamid
+ kainit.'

Calcium cyanamid+
kainit+acid phos-
phate.

.do.

Calcium cyanamid -1-

muriate of potash
-1-acid phosphate.

Calcium cyanamid+
acid phosphate.

do.

do.

do.

do.

do.

do.

.do

A, 1 pound calcium cyanamid + 1

pound kainit.

B, 1 pound calcium cyanamid -l- 1

pound kainit.
A, I pound calcium cyanamid + i
pound kainit + J pound acid phos-
phate.

B, J pound calcium cyanamid -I- J
pound kainit + § pound acid phos-
phate.

A, 1 pound calcium cyanamid + 1

pound kainit + 4 pounds acid phos-
phate.

B, 1 pound calcium cyanamid + 1

poimd kainit + 4 pounds acid phos-
phate.

C, 1 pound calcium cyanamid -l- 2
pounds kainit 4- 3 pounds acid phos-

D, 1 pound calcium cyanamid 4- 2
poundskainit + 3 pounds acid phos-
phate.

E, 1 pound calcium cyanamid + 3
pounds kainit -t- 2 pounds acid phos-
phate.

F, 1 pound calcium cyanamid + 3
poimds kainit -1- 2 pounds acid phos-
phate.

A, 1 pound calcium cyanamid + 1

pound muriate of potash + 3
pounds acid phosphate.

B, 1 pound calcium cyanamid + 1

pound muriate of potash + 3
pounds acid phosphate.

A, J pound calcium cyanamid + 2|
pounds acid phosphate.

B, ^ pound calcium cyanamid + 2§
pounds acid phosphate.

C, ^ pound calcium cyanamid + 2§
pounds acid phosphate.

D, J pound calcium cyanamid -I- 2|
, pounds acid phosphate.
A, i pound calcium cyanamid -t- f
pound acid phosphate.

B, J pound calcium cyanamid + f
pound acid phosphate.

A, 4 pound calcium cyanamid + 2
pounds acid phosphate.

B, tj poimd calcitfm cyanamid + 2
pounds acid phosphate.

A, ^ poimd calcium cyanamid + 3
pounds acid phosphate.

B, ^- poimd calcium cyanamid + 3
pounds acid phosphate.

A, i pound calcium cyanamid -|- 3
pounds acid phosphate.

B, i pound calcium cyanamid + 3
pounds acid rihosphato.

A, ^ pound calcium cyanamid + IJ
pounds add phosphate.

B,
if
pound calcium cyanamid + IJ

pounds af;id phosphate.
A, J pound calcium cyanamid + 1^

fKjund.s acid phosphate.
B, i poimd cak^ium cyanamid + IJ
pounds acid phosphate.

A, J pound calcium cyanamid + IJ
pounds acid phosphate.

B, i pound calcium cyanamid + IJ
pounds acid phosphate.

93

247

1,790*

1,015

111

153

86

50

48

118

1,056

717

176

221

286

186

850 ca.

934 ca.

1,984

2, 115

789 ca.

1, 052 ca.

1,426

1, 233

1, 136

611

1,127

922

1,297

1,248

81.1

49.6

66

81

33

10

48

60

61

32

19

14

30

24

63

60

35

14

24

34

13

53

40

50

4

377

604

7,250

3,535

263

62

378

526

238

194

1,123

1,317

7,250

3,535

1,123

1,317

2,576

1,160

1,716

884

2,576

1, 100

1,716

884

490

5,392

163

452

5,392

1,220

1,868

1,300

1,868

1,300
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Table 4.^Destruction of fly larvse in horse manure—Results with fertilizer mixtures
and solutions of calcium cyanamid—Continued.

No. Material iised.

Treatment of 4 bushels of manure
with following amoixats of mix-
tures, then sprinkled with 5 gal-

lons of water.

Flies
emerged
(num-
ber).

Apparent
larvicidal

eflect

(per cent
of control
average).

Flies emerged
from control cages.

Num-
ber.

Average.

Calcium cyanamid

+

acid phosphate.

do

A, f poimd calcium cyanamid + 4

pounds acid phosphate.
B, f pound calcium cyanamid + 4

pounds acid phosphate.
A, 1 pound calcium cyanamid + 6
pounds acid phosphate.

B, 1 pound calcium cyanamid + 6
pounds acid phosphate.

A, IJ pounds calcium cyanamid + 2^
pounds acid phosphate.

B, 1§ pounds calcium cyanamid 4- 2J
pounds acid phosphate.

A, 4 per cent solution of calcium cy-
anamid, 5 gallons to 4 bushels ma-
nure.

B, 4 per cent solution of calcium cy-
anamid, 5 gallons to 4 bushels ma-
nure.

C, 3 per cent solution of calcium cy-
anamid, 5 gallons to 4 bushels ma-
nure.

D, 3 per cent solution of calcium cy-
anamid, 5 gallons to 4 bushels ma-
nure.

A, 4 per cent solution of calcium cy-
anamid, 2J gallons to 2 bushels ma-
nure.

B, 4 per cent solution of calcium cy-
anamid, 2J gallons to 2 bushels ma-
nure.

2,377

975

1,025

1,263

62

61

598

327

677

312

263

11

38

35

20

62

62

34

64

25.2

65.5

17

96.5

13

14

1,247

1,901

263

62

[ 1,574

^Tl do i 163

Calcium cyanamid
in solution.

do

16

17

1,173

635

552

81

i 904

[
314

J

When calcium cyanamid was present in mixtures at the rate of

one-half pound per bushel of manure, it is apparent from the results

given in Table 6, No. 4, that a satisfactory larvicidal action was
obtained. It is evident that practically four times as much cyanamid
is required in mixtures for the effective treatment of open piles as

for cages or boxes.

Calcium Cyanamid, Muriate op Potash (KCl), and Acid Phosphate.

This mixture, though similar to the one just discussed, showed no

apparent larvicidal action in the amounts employed (Table 4, No. 4).
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Table 5.

—

Destruction of fly larvsc in horse manure^Results using calcium cyanamid
and acid phosphate mixture.

[Cage experiments at Bethesda, Md., and box experiments at Baton Rouge, La., 1915.]

Treatment of 8 bushels manure
followed by sprinkling with
10 gallons of water.

A, 1 pound calcium cyanamid
+U pounds acid phos-
phate, cages

B, Do
C, Control
ID, Do
A, 1 pound calcium cyanamid

+8 pounds acid phos-
phate, cages

B, Do
C, Control
,D, Do
A,' 1 pound calcium cyana-
mid-t-6 pounds acid phos-
phate, boxes

B, IJ pounds calcium cyana-
mid -(-6 pounds acid phos-
phate, boxes

0,1 2 pounds calcium cyana-
mid-l-12 pounds acid phos-
phate, boxes

.D,i Control

Flies

Number.
7

1

982
35

472
317

4,410
2,665

135

650

307
3,238

Appar-
ent lar-

vicidal
action
(per

cent of
control
aver-
age).

98.7
99.0

83.

95.9

80.0

90.5

Number
bacteria
per gram
calcu-

lated to
dry

weight.

MillioTis.

3,608
2,646

18, 750
25,500

20.5
10

36
50

1,600

900

800
1,400

Ma-
nure,
total
nitro-
gen.

Per ct.

0.533
.456
.449
.379

.519

.519

.440

.582

.449

.379

Water extract.

Alka-
linity,

cc N/20
NaOH
per 100
cc (5
grams
ma-

nure).

6.25
5.75
7.25
8.00

3.25
3.00
3.75
4.00

1.50

4.00

3.50
2.75

In per cent of total
nitrogen.

Nitro-
gen.

Per ct.

33.60
36.84
29. 84
29.53

25.82
28.71
25.45
21. 14

38.01

34.11

24.94
29.55

Ammo-
nia ni-

trogpn.

Per ct.

2.40
4.20
2.90
3.60

5.97
9.06
1.70
1.72

11.76

11.91

11.80
7.92

Amid
nitro-
gen.

Per ct.

10.73
11.05
9.57
11.17

13.58

14.26

25.62
13.19

52085°—Bull. 408-

1 3 A, C, and D contained nitrates.

-16 2
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Table 6.

—

Destruction of fly larvss in horse manure—Results using 4 per cent solu-

tions of calcium cyanamid (series 1 and 2), and with dry calcium cyanamid and add
])hosphate- mixtures (series 3 and 4)-

[Open pile experiments, Baton Rouge, La., 1915.]

No.

22

»3

24

Treatment of 8 bushels
manure.

A, 10 gallons 4 per cent
calcium cyanamid
solution

B, Do
C, Control
D, Do
A, 10 gallons 4 per cent

calcium cyanamid
solution.."

B, Do
C, Control
D, Do
A, 3 pounds calcium cy-

anamid4- 12 pounds
acid phosphate, 10
gallons water add-
ed

B, Do
C, Control
D, Do
A, 4 pounds calcium cy-

anamid+4 pounds
acid phosphate, 10
gallons water add-
ed
Do

C, 5 pounds calcium cy-
anamid+5 pounds
acid phosphate ^

D, Do
G, 3 pounds calcium cy-

anamid 4- 6 pounds
katnit^

H, Do
E, Controls
F, Do

B,

Flies

Number.
0)
0)
0)
(')

924
1,865
9, 589
8,969

70
16

263
62

4
13

511
727

Apparent
larvicidal
action

tper cent
of control

100
100

90.5
79.9

99

Number
bacteria
per gram
manure

calculated
to dry
weight.

MilHoTis.
2,222

600
347
857

1,458
1,154
909
723

5,745
2,000
4,285
4,151

182
545

255
1,000

1,220
511
431
511

Ma-
nure,
total
nitro-
gen.

Per ct.

0.735

.653

.688

.428

.435

.449

.423

.744

.646

.604

.540

.625

.510

.646

.510

.681

.744

.414

.470

Water extract.

Alka-
linity,

cc N/20
NaOH
per 100
ce (5
grams
ma-

nure).

7.35
6.85
7.00
7.50

6.75
2.50
2.75
3.75

3.75
3.50
3.00
1.75

3.75
5.50

4.25
4.60

6.25
6.85
3.10
3.35

In per cent of total
nitrogen.

Nitro-
gen.

Per ct.

45.03
35.26
30.93
34.30

36. 68
27.59
21.16
29.31

27.98
24.30
20.53
23.33

26.88
35.30

34.68
46.27

36.27
45.29
27.05
27.44

Am-
monia
nitro-

Per ct.

6.26
7.28
6.74
5.96

11.08
9.66
8.69
8.97

8.07
7.89
5.79
7.04

5.76
6.67

6.81
9.02

6.90
8.47
7.24
7.02

Amid
nitro-

gen.

Per ctr
24.35
18.22
12.56
8.28

11.50
6.43
6.90
4.11

10.73
13.78
3.48
3.33

22.16
20.78

21.37
23.92

19.83
17.87
16.43
13.83

1 Piles examined for larvae on third day after treatment.
2 Nitrates were present in all samples of series 2, 3, and 4.

3 10 gallons of water added per 8 bushels of manure.

Calcium Cyanamid and Kainit.

The results given in Table 4, No. 1, where 1 pound of each

ingredient was used in duplicate tests, show varymg and incon-

sistent action, 50 and 81 per cent. Open-pile experiments given in

Table 6, No. 4, G and H, show that where 3 pounds of cyanamid

and 6 pounds of kainit were applied in mixture practically all the

larvse were killed.

Chemical and bacteriological examuiations were made of samples

of manure taken from the last two mentioned experiments. The
bacterial coimt in one sample was twice as high as in the untreated

control samples and the other sample gave the same result as the

controls. The percentage of total nitrogen, as well as of the various
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nitrogenous constituents, in the two treated samples, was markedly-

higher than m the two controls, and the alkalinity also was increased.

These changes were due to the presence of nitrogen and lime in

the calcium cyanamid.

Calcium Cyanamid and Acid Phosphate.

Varying amounts of calcium cyanamid and acid phosphate were

used in preparing mixtures in order to determine the most effective

combiuation. The results of 5 cage experiments at Bethesda, Md.,

are recorded (Table 3, Nos. 1 and 2). From three-fourths pound
to 2 pounds of cyanamid and from 2 to 6 pounds of acid phosphate

were used in the various mixtures tested. The larvicidal results,

from 90 to 99 per cent, with mixtures contaming 1 pound or more of

the cyanamid were very satisfactory. It is evident from the results

in the table that three-fourths of a pound of cyanamid is not sufficient.

Some additional cage experiments and one series of tests in boxes are

recorded in Table 5. In the cage experiments mixtures of 1 pound
of cyanamid with 1^ pounds of acid phosphate, and 1 pound of

cyanamid with 8 pounds of acid phosphate were tested in duplicate.

The results agree with those in Table 3, showing that 1 pound of

cyanamid in cage experiments was a fairly effective application.

Bacteriological and chemical analyses of samples of manure from

the cages are given in Table 5, Nos. 1 and 2. The bacteria were

reduced in both series by the treatment, alkalinity was slightly re-

duced, and the water-soluble and ammonia nitrogen results showed a

tendency to increase. The ammonia results in No. 2, where the 8

pounds of acid phosphate were used, were markedly higher than the

controls.

The results of the experiments in boxes are given in Table 5,

No. 3. They show an apparent larvicidal action averaging 89 per

cent. It is probable that the surface exposure of the manm'e in the

boxes is the important feature in determining the effectiveness of this

treatment, although these three experiments do not bring this out as

fully as might be expected. Box A had a surface exposure of 5 square

feet, box B of 8 square feet, box C of 7 square feet, and box D of 7^-

square feet.

The bacteria counts averaged 75 per cent as high as for the control

sample, 3D. The alkalinity of the water extracts of the manure
showed no definite change in any case. The water-soluble nitrogen

was increased in two samples, and reduced in the third; the ammonia
nitrogen was decidedly increased in the treated samples, while the

amid nitrogen was increased only in sample 30.

The results of several open-pile experimen ts are shown in Table

4, Nos. 5 to 15, inclusive. The mixtures employed contained from
one-third of a pound to 1^ pounds of calcium cyanamid, and from
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three-fourths of a pound to 6 pounds of acid phosphate per 4 bushels of

manure. The larvicidal results were very irregular, but it is evident

that 1 pound of cyanamid is not effective in open piles.

Some results of the effect of larger applications of mixtures of

cyanamid and acid phosphate in open-pile experiments at Baton
Rouge are recorded in Table 6, Nos. 3 and 4.

In series No. 3 tlie mixture contained 3 pounds of cyanamid and 12

pounds of acid phosphate per 8 bushels of manure. From the two
control piles 263 and 62 fhes emerged, but using the average of these

two figures, a 57 per cent and a 90 per cent larvicidal action was
apparently obtained. Attention is called to the fact that from cage

3A, 70 fhes emerged, a count higher than the lower control. On
account of the uneven infestation of the manure used in these tests

the percentages have little value. The number of bacteria in 3B,

where a 90 per cent larvicidal action was obtained, was reduced 50

per cent by the treatment. The total nitrogen of the manme appar-

ently was increased by the treatment, as was the water-soluble and

ammonia nitrogen. The greatest increase was in the amid nitro-

gen. There was apparently a slight increase in the alkalinity of the

water extracts. Nitrates were detected in all of these samples.

In No. 4, Table 6, 4 and 5 pounds of cyanamid wer6 mixed with

equal amounts of acid phosphate. With both mixtures the larvi-

cidal results were highly satisfactory, 97 and 99 per cent of the larvae

being destroyed. No reduction in the number of bacteria in the

treated samples was found. An increased percentage of total and

amid nitrogen due to the nitrogen of the cyanamid was obtained in all

of the 4 samples, while 3 of the 4 samples showed an increase in the

water-soluble nitrogen. Less ammonia nitrogen was found in 3 of

the 4 samples than in the controls. The alkalinity shghtly increased

in all cases. All the samples showed the presence of nitrates by the

diphenylamin method, the color reactions being stronger in the

treated than in the untreated samples.

Many temperature readings of the manure treated with mixtures

of cyanamid and acid phosphate were taken. In practically aU

instances the results of the"readings in the case of the treated samples

were the same as in the case of the controls. This is in line \vith the

bacterial counts and indicates that no marked action on the bacterial

flora had taken place.

It is probable that the cyanamid is the principal toxic constituent

of the various mixtures, and the cyanamid which is soluble in water

is undoubtedly more toxic than its polymer dicyandiamid.

Kionka (5) has reported experiments showing that 0.1 gram of pure

cyanamid is a fatal dose for dogs, when given subcutaneously, while
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it takes 0.25 gTam of dicyandiamid to produce the fatal result. The
fatal doses for dogs when administered internally are, respectively,

0.75 and 2 gTams. These experiments indicate that cyanamid is

three times as toxic as dicyandiamid.

SUSPENSIONS OF CALCIUM CYANAMID.

As the substances which have been found to be effective larvicides

act most effectively when applied in solution or suspension, it was
considered advisable to test the effect of 3 and 4 per cent solutions

of calcium cyanamid. The results of these experiments are recorded

in Table 4, Nos. 16 and 17, and Table 6, Nos. 1 and 2.

The results recorded in Table 4, Nos. 16 and 17, can hardly be

compared with the other open-pile experiments for the reason that

only 2 bushels of manure instead of 4 were used at each treatment.

In No. 16 the apphcation was made twice; that is, there was a total

of 4 bushels of manure in the pile instead of 12 as in other experiments.

In No. 17 only one application was made to each of the 2-bushel piles.

Moreover, only large larvas, probably 3 days old, were present in the

manure at the time of treatment. It is not clear how much these

conditions would influence the effectiveness of the solution used, but

at any rate the larvicidal results were all low and irregular, except in

one experiment, No. 17-B.

In series 2, Table 6, where two treatments were applied to each

of 4 bushels of manure, in dupUcate, one result was rather low (80 per

cent), while one was fairly good (90 per cent). In series 1, Table 6,

cages were not placed over these piles to catch emerging flies, but

an estimate of the larvicidal effect was made from examination of

the piles on the third day after treatment. At that time no larvae

were seen in lA and only one or two in IB, while the control

piles were seen to be heavily infested. In general, the results with

solutions of cyanamid were not uniformly favorable, as far as larvi-

cidal action is concerned, and it would require a considerable number
of additional experiments to determine just what strength would be

uniformly effective.

The bacteria of series 1 and 2, Table 6, showed an increase in

three of the four treated samples. No increase of total nitrogen

was found, and but one sample, 2A, showed an increase in alka-

linity. The water-soluble nitrogen, ammonia nitrogen, and amid
nitrogen in the water extracts of the treated samples of both series

showed a tendency to increase. Nitrates were detected in all sam-
ples of series 2, but were absent from all samples in series 1. In

the former series the manure was older, the piles having stood longer

before the samples W(!re taken than with series 1.
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COMMERCIAL MIXED FERTILIZERS CONTAINING CALCIUM CYANAMID.

Calcium cyanamid is frequently used to furnish the nitrogen of

mixed fertiUzers, either in whole or in part. Such fertilizers usually

do not contain any calcium cyanamid as such, since the cyanamid
has been decomposed into urea, ammonia, etc. The percentage of

calcium cyanamid used in commercial mixed fertihzers varies with

each brand. The commercial fertihzer which was employed in this

test contained 12| per cent phosphoric acid, 2| per cent ammonia,
and 21 per cent potash.

One-third of a bushel of manure was treated with 1 pound of the

mixed fertihzer in a box covered with netting. The sample was
then well moistened. Only 2 flies emerged from the box which was
treated with the mixed fertihzer, while 909 fhes emerged from the

control box. The apphcation of the mixed fertihzer in this experi-

ment was a very heavy one, and as but one experiment was carried

out, and that one on a small scale, no conclusion can be drawn.

As manufacturers employ varying amounts of cyanamid in their mix-

tures it is impossible to use commercial mixtures as a larvicide with

any assurance of obtaining satisfactory results without first testing

the mixture in question and determining the amount necessary to

apply to the manure to destroy the maggots.

THE AMOUNTS OF FERTILIZER MIXTURES TO APPLY TO PITS AND PILES OF MANURE TO
KILL FLY LARV^.

From all of the cage tests and the box experiments (Table 5, No.

3) the indications are that mixtures containing 1 pound of calcium

cyanamid and 2 to 4 pounds of acid phosphate will destroy a high

percentage of the maggots of the house fly present in 8 bushels of

manure, when the manure is placed in such receptacles. In these

cases the surface treated was much smaller than in an open pile con-

taining the same amount of manure, and as the surface was prac-

tically level the mixture could be apphed effectively and forced into

the manure by sprinkhng with water. It seems hkely that the mix-

tures will act effectively when appUed to manure in pits where

approximately the same conditions exist as in the box or cage tests;

that is, where there is only one surface to be treated. One pound
of cyanamid in mixtures was used successfully in a box having a sur-

face exposure of 5 square feet and in cages with a surface of 4 square

feet. It is therefore suggested that mixtures containing 1 pound of

cyanamid and 2 to 4 pounds of acid phosphate be applied to boxes

or pits at the above rate per 4 square feet of surface exposure. The
ideal way of storing manure is in a water-tight pit. If this is not

available, the manure may be thrown into a large box and then

effectively treated with the cyanamid mixture at the above rate.

In the treatment of piles of manure it is evident from the results in

Table 6, series 4, that 4 pounds of calcium cyanamid apphed in mix-
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tures with either acid phosphate or kainit per 8 bushels of manure
acts as an effective larvicide. To be sure of retaining all of the nitrogen

and ammonia which ordinarily is lost from a pile of manure, a higher

ratio of acid phosphate to calcium cyanamid than was used in these

tests should be employed. The chemical analyses of No. 4, Table 6,

show no changes from the control samples, but the results of Table

5, No. 2, show the advantage of using a large proportion of acid

phosphate.

Kainit may be employed in the mixtures together with the cyan-

amid and acid phosphate. Thus potash, as well as hme, nitrogen,

and phosphoric acid, will be added to the manure. The substitution

of kainit for part of the acid phosphate makes no apparent difference

in the larvicidal action of the mixture. It is important to apply

in the mixture one-half pound of calcium cyanamid per bushel of

manure. The manure should be thoroughly sprinkled with water

after each apphcation of the cyanamid mixture. It is probable that

gypsum may be substituted in whole or in part for the acid phosphate.

THE VALUE OF USING CALCIUM CYANAMID, ACID PHOSPHATE, AND KAINIT ON MANURE.

It is likely that calcium cyanamid, which contains lime in amounts
equivalent to 70 parts of Ca(0H)2 per 100, if used alone on fresh

manure in any considerable amount, will expel some of the nitrogen

and ammonia present in the manure. Acid phosphate was used in

the mixtures with the cyanamid, in part to neutralize the lime, and
also to hold the nitrogen and ammonia which might be expelled by
the lime of the cyanamid, as weU as to retain the nitrogen and ammo-
nia lost during ordinary fermentation processes. During the decom-
position of calcium cyanamid in the soil the lime is gradually precipi-

tated as carbonate, and this same process undoubtedly takes place in

the manure. Acid phosphate, kainit, and gypsum are quite exten-

sively recommended for the purpose of preserving manure. Commer-
cial acid phosphate contains about 14 per cent of available phosphoric

acid; kainit contains approximately 12.5 per cent of potash, and
cyanamid contains 20 to 22 per cent of ammonia. It is accordingly

evident that when the above mixture is applied to manure the three

essential fertilizing elements are added in considerable amounts, and
if acid phosphate is used in a ratio of 6 or 8 to 1 no loss of ammonia
will result, but the nitrogen and ammonia which escape during the

normal fermentation of manure wiU be retained.

THE COST OF EFFECTIVE FERTILIZER MIXTURES.

Under normal conditions kainit sells for $12 to $14 per ton, making
the cost about two-thirds of a cent a pound. Kainit is not avail-

able at the present time. Calcium cyanamid was cjuoted January 1,

1916, at $2.45 per unit of ammonia. Calculating the average per-

centage of ammonia present in cyanamid at 21 per cent, the cost per
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ton is $51.45, or 2.6 cents per pound in ton lots. Cyanamid is at

present handled only in large amounts and by manufacturers of

mixed fertilizers. It requires only the demand to make it available

in aU parts of the country. During the fall of 1915, several lots of acid

phosphate were purchased, and the average price, when purchased in

hundred-pound lots, was 1 cent per pound. It was quoted at $14 per

ton January 1, 1916. Four pounds of the calcimn cyanamid and 4

pounds of acid phosphate, as seen in Table 6, series 4, showed an

effective larvicidal action. The cost of this mixture was 14| cents per

8 bushels of manure, or 1.8 cents per bushel. In Table 6, No. 4,

the results also show that a mixture composed of 3 poimds of calcium

cyanamid and 6 pounds of kainit gave an effective larvicidal action.

The cost of the treatment in this case was 1^ cents per bushel. In the

experiments in cages and in boxes mixtures containing 1 pound of the

cyanamid and 2 pounds of acid phosphate per 8 bushels have given

satisfactory results. The cost in this case was one-half cent per

bushel.

From these figures it appears that the fertilizer mixtures applied

in sufficient amounts to act as effective larvicides on open piles are

more expensive than borax or powdered hellebore. However, in the

former treatment the fertiUzLng value of the manure is greatly

increased, and when considered from this point of view the actual

larvicidal cost of the fertifizer mixtures is materially lessened.

THE AMOUNTS OF MANURE TREATED WITH FERTILIZER MIXTURES TO APPLY TO THE
SOIL.

One hundred and fifty pounds of calcium cyanamid per acre is

stated by Pranke (6) to be the most economical amount to apply to

the soU at one time. When manure is treated in boxes or pits at

the rate of 1 pound of calcium cyanamid and 2 pounds of acid phos-

phate per 8 bushels (10 cubic feet) of manure, taking the weight of 8

bushels of fresh manure at 120 pounds, it is calculated that 16§

pounds of calcium cyanamid and 33 pounds of acid phosphate will

be present per ton of fresh manure. If it is desired, kainit may be

used in place of a part of the acid phosphate in the nlixture. Manure
treated in this manner and applied to the soil at the rate of 9 tons

per acre will furnish 150 pounds of calcium cyanamid, which is

mentioned above as being the most economical application of the

cyanamid. The application of more than 9 tons per acre would be

uneconomical.

When piles of manure are treated with a mixture containing 4

pounds of calcium cyanamid and 4 pounds of acid phosphate, these

two substances are added to the manure at the rate of 65 pounds per

ton. As above, the weight of fresh manure is taken at 15 pounds
per bushel. The manm^e treated with this mixture should be applied

to the soil at the rate of only 2^ tons per acre.
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In coimection with the use of cyanamid as a fertilizer, the following

statements of E. J. Pranke (6) are of interest:

Since cyanamid is a medium slow-acting fertilizer, it should be applied to the crop

not less than 70 to 80 days before the harvest, in order that the nitrogen may be com-
pletely utilized by that crop. Experience has shown that the most economical

utilization of a nitrogen fertilizer is in conjunction with the other fertilizer elements,

phosphorus and potash. For this reason it is recommended that cyanamid be used

as a part of a fertilizer mixture rather than it be applied alone.

If cyanamid is to be applied to very acid soils, such soils should be put in a produc-

tive condition by judicious liming sometime before the application of the fertilizer.

The application of barnyard manure will help to establish the bacteria that are deficient

in such soils.

experiments with boric acid and sulphur.

Boric Acid, B(0H)^.

Two open-pile experiments were carried out, using solutions of

boric acid, one-fourth pound to 5 gallons of water, and applying the

same to 4 bushels of manure. The tests showed a 97.4 per cent and
a 99.8 per cent larvicidal action. Boric acid was quoted wholesale

January 1, 1916, at 10 to 10|^ cents per pound for commercial grade.

Based on the price just quoted, the cost of treating manure with

boric acid, judging from these two tests, was five-eighths cent per

bushel of manure. It is probable that somewhat smaller amounts of

boric acid than one-half pound per 10 gallons of water maybe effect-

ively employed. Borax cost, January 1, 1916, from 5| to 6 cents per

pound wholesale, or 4 cents for two-thirds of a pound, a quantity

sufl&cient to destroy all the maggots in 8 bushels of manure. The
cost was therefore one-half cent per bushel of manure. It is apparent

that boric acid is equally effective as borax as a larvicide, but it has

not been determined whether there is any difference in the action

of these two substances on plant growth, although from the few tests

reported in the literature no differences are indicated.

Sulphur.

One box test in which one-third of a bushel of manure and 5 J ounces

of flowers of sulphur were used was carried out at the suggestion of

Prof. C. V. Piper. A control was employed, both samples being mois-

tened and a large number of fly eggs added to each. Forty-two flies

emerged from the box treated with sulphur and 909 fhes from the

control. The application of 1 pound of sulphur per bushel of manure
is a large one, and, if used on a large scale, would not only involve

considerable expense, but would undoubtedly have an injurious action

on plants when applied to the soil.

SUMMARY.

During the fly season of 1915, the larvicidal action of infusions of

18 plant materials was tested. None of these, with the exception of

hellebore, were sufTiciently economical and. effective to bo classed as
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practical larvicides; Berberis, Cincliona, and larkspur in the amounts
employed showed some larvicidal action.

Various mixtures of calcium cyanamid, acid phosphate, kainit,

and gypsum were tested.

One pound of calcium cyanamid in mixtures with 2 to 4 pounds of

acid phosphate proved effective in cages and boxes where the surface

exposure of the manure was approximately 4 square feet.

A similar mixture may prove effective in pits. In both cases the

treatment should be based on the number of square feet of exposed

surface of the manure. The cost of this treatment, based on whole-

sale prices January 1, 1916, is approximately 1,4 cents per square foot.

In several open-pile experiments calcium cyanamid applied in

mixtures with acid phosphate or kainit at the rate of one-half pound
per bushel of manure showed an apparent larvicidal action of 98 per

cent. By using a mixture composed of calcium cyanamid, acid

phosphate, and kainit, the three essential plant elements, nitrogen,

potash, and phosphoric acid, are added to the manure. The
nitrogen and ammonia which usually escape from untreated manure
piles will be retained if sufficient acid phosphate is used, and the

fly maggots will be killed at the same time. The cost of this treat-

ment, in which one-half pound of calcium cyanamid and one-half

pound of acid phosphate are applied for each bushel of manure, is

1.8 cents per bushel.

SUMMARY OF THREE SEASONS' WORK.

From the three seasons' work it appears that borax used at the

rate of two-thirds of a pound per 10 gallons of water and sprinkled

over 8 bushels of manure is the least expensive and the most effective

larvicide. Caution should be used in treating manure to be employed

for agricultural purposes, because of the injurious action on plant

growth of excessive applications of borax. It is, however, recom-

mended for the treatment of all manure not to be used for agricultural

purposes, for refuse piles of all kinds, stable floors, etc. The cost of

the borax treatment, when borax sells for 8 cents per pound, is one-

haK cent per bushel.^

Powdered hellebore, using one-haK pound per' 10 gallons of water,

and applying the same to 8 bushels of manure, is an effective larvicide

and without action on plant growth. The cost^ is variable. On

1 It is unusually difficult to give a fair retail price for these substances because of the advance In

price of chemicals and fertilizers. Borax was quoted retail Washington, D. C. at 8J- to 12 cents per pound

in 100-pound lots; powdered hellebore, in 100-pound lots, at 35 cents per pound; acid phosphate SI.75 to

S2for 167-pound sacks. Kainit is not obtainable at the present time; the usual price is S12 per ton, or

three-fourths to 1 cent per pound in 100-pound lots. Calcium cyanamid is manufactured by but one com-

pany in North America, although there are several companies producing it abroad. This American com-

pany does not ordinarily sell calcium cyanamid ia less than carload lots. The price was $51.45 per ton

f. o. b. Niagara Falls, Ontario. The figures just given were those quoted on March 1, 1916. Calcium

cyanamid is handled by manufacturers of mixed fertilizers.
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January 1, 1916, tlie wholesale price was 16 to 17 cents per pound,

but it should be obtained in large amounts under ordinary conditions

at 11 to 12 cents per pound. The cost of treating manure with

solutions of powdered hellebore, when it sells for 17 cents per pound,

is therefore 1 cent per bushel.

Solutions of aniline and emulsions of nitrobenzene with fish-oil

soap, reported in Department Bulletin 245 (2), also proved to be

effective larvicides, and did not injure the manure, as far as could

be determined by chemical and bacteriological examination.

The indications are that calcium cyanamid, acid phosphate, and

kainit mixtures can be used as effective larvicides, if one-half pound
of calcium cyanamid is present in the mixture per bushel of the

manure treated. The cost of applying a mixture of one-half pound
calcium cyanamid and one-half pound acid phosphate per bushel

of manure is 1.8 cents per bushel, but this is materially lessened by
the increased fertilizing value of the treated manure.

Among the other substances which have been found effective in

reasonable amounts, but can not be recommended because of their

extremely toxic action, are potassium cyanid, Paris green, arsenic

dip, and pyridine.
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INTRODUCTION.

There are wide variations in the interest rates and other charges

paid on short-time loans by fanners in different sections of the

United States. The extent of the variations between States is indi-

cated by the diagram, Plate I, which shows for each State the aver-

age interest rate and the average total cost for loans to farmers on
personal security, as obtained from reports received by the Office of

Markets and Rural Organization. Variations inside the State boun-

daries are shown by the table on page 3, which gives the same aver-

agers for districts or subdivisions within the States. The districts

referred to in this table are shown on the map, Plate II.

The extent to which extra charges of one kind or another affect the

cosf of short-time loans to farmers is indicated ])y the diagram and
th(i table. It will be seen that these charges are especially high in

the Southern and the Rocky Mountain States. The relatively large

Note.—ThJ.s bulletin discusses the reasons for viiriations in interest rates on short-lime f;irm loans,

giving speci-il atl«niion to those causes of variation which fian be modified by individual or collective

action.

64010°— Bull. 'UKt—Ui
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figure shown for extra cost in North Carohna is due, in part, to the fact

that with a legal interest rate of 6 per cent the lenders of that State

have made up in extra charges what the State law does.not permit

them to charge as interest. In some cases the difference between the

interest rates shown in the table and the estimated total cost may be

explained by the fact that interest is reckoned for a full year on a loan

which actually runs for only 9 or 10 months, though more often the

extra charge takes the tangible form of a bonus demanded by the loan

agent in payment for his services in "getting the money" or of a fee

for making out the papers. Especially in connection with loans on

chattel security is there Hkely to be considerable expense for making

out papers, recording the chattel mortgage, etc. In general, how-

ever, the extra charges are small where the interest rates are low, and

vice versa, so that the variations between different sections of the

country may be considered either on the basis of the nominal interest

rate alone or on the basis of the total cost.

No simple explanation will account adequately for these variations

between one State or district and another. While some of the

factors involved are essentially natural conditions and are not readily

subject to change, others have been brought about primarily by
human agencies and may be modified considerably thi'ough voluntary

action. It is realized that any improvement in the farm-loan situa-

tion must be secured mainly through the modification of conditions

controlled by human agencies. Therefore, while some attention

should be given to natural conditions in order to show their impor-

tance as factors affecting interest rates and other charges on short-

time loans, the purpose of this discussion is primarily to show some
of the ways in which conditions actually are being modified so as

to enable the farmer to obtain better terms.

IMPORTANCE OF NATURAL CONDITIONS.

Climate, contour of the land, and soil are, for the most part, natm'al

conditions and, in the order mentioned, exert a relatively permanent

influence upon the interest rates and other charges on short-time

loans. Soil and to a less degree contour are subject to modification

as the result of human activity. Much of our soil has been impov-

erished through a continuous one-crop system. Sandy hillsides,

through open cultivation, often have been washed into gulhes.

Because of the relative permanency of climate, contour, and soil

it is necessary to adapt farming methods and systems to these

factors rather than to attempt any material modification in the

natural conditions in the interest of any particular farming need.

Through the influence which they exert on farming and the results of

farm business, however, they become important factors indirectly

affecting interest rates on short-time farm loans. The influence of
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these factors may be noted in a comparison of the district averages

for the cost of short-time loans as shown in the table below. The
rapid rise in interest rates as one proceeds westward within the

States of Kansas, Nebraska, South Dakota, and North Dakota
illustrates clearly the effect of diminishing rainfall. The fact that

the rates are lower in northern Illinois than in the southern part of

the State is accounted for partly as the indirect effect of soil condi-

tions, while the lower rates prevaiUng in the northwestern part of

Minnesota (the valley of the Red River of the North) in contrast with

those existing in the north-central part of the same State are indi-

rectly explained as the effect of the soil and contour conditions of

these regions.

While the effect of natural conditions on existing interest rates is

thus apparent, and while the natural conditions themselves appear

to be relatively permanent, it does not necessarily follow that mterest

rates must continue to vary to the extent shown in the table. For
the disadvantages of certain natural conditions have been offset in

some measure in certain regions by the adoption of farming methods
and practices adapted to the given conditions. It is beUeved that,

as a result of continued study and experiment, there may be further

improvement of this character in regions where natural conditions

are relatively unfavorable.

Loans to farmers on personal security—Avei'age rates for interest and for total cost, by
States and districts.

fJeographic division, State,
and district.

Loans on personal
security.

Geographic division, State,
and district.

Loans on personal
security.

Average
interest
rate.

Average
total
cost.'

Average
interest
rate.

Average
total
cost.'

NEW ENGLAND.

6. .5

6.0
5.9
6.0
6.1
5.9

o.'J

5.8
6.0
6.0
5.9
5.9
0.0
6.0
6.0
5.8
.5.9

6.1
6.0
.5.9

6.0

7.7
6.4
6.4
6.5
7.1

6.2

7.0
6. 5
6.

6

7.3
6.5
7. !

7.1

7.2
7.1
6.6
6.9
7.5

6.2
6.S

MIDDLE ATLANTIC—continued.

Pennsylvania—Continued.
5.8
6.0
5.9
5.6
5.7

6.4
6.9
5. 9
6.2
6.4
6.5
6.2
6.3
7.0
6. 3
6.9
7.1
6.9
6.4
7.3

New Hampishire 6 6
Vermont District 6 7 8
Massachusetts District 7 7 i

Rhode Island District 8 7 1

District 9 6 4

MIUULE ATLANTIC.

.New Y'ork

KA.ST NORTH CENTRAL.

Ohio 7 2
District 2 District 1 7 9
I>istrict 3 District 2 6 2
District 4 District 3 7 1

District r, District 4 6.9
7 7District 6

District 7 District 6 6 7
Districts District? 6 9
Ui.strjct9 District 8 7 2

.N"ew Jersey District 9 6 9
I'enn.syl vania 7 6

Diatrict 1 District 1 7.5
F^lstrict 2 District 2 7 9
Districts. .. . Districts 6 6
Districts District 4 8.2

' Avcraiid of ftstirnaiffl total c<j.st (rate |>er cent), iiicliiding "di.scount.s, l:onnses, co/iiiiiis.siojJti, and
any other extra char^t^s," a,s reported by correspondents.

- Data at hand not sufficient to warrant the .showing of a district average.
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Loans to farmers on personal security—Average rates for interest and for total cost, by
States and districts—Continued.

Geographic division, State,

and district.

Loans on personal
security.

Geographic division, State,
and district.

Loans on personal
security.

Average
interest

. rate.

Average
total
eost.i

Average
interest
rate.

Average
total
cost.i

EAST NORTH CENTBAL—COntd.

6.7
6.4
7.3
7.0
6.6
6.6
6.4
6.2
6.4
6.6
6.3
6.7
6.9
6.8
7.4
7.1
7.8
7.3
7.9
7.0
7.9
8.4
6.7
6.5
6.5
6.5
7.8
6.9
7.0

• 6.6
6.4
5.8
6.7

• 6.2
5.7

8.3
9.5
10.0

8.6
8.0
8.3
8.4
7.4
6.7
7.5
7.9
7.7
7.1
7.9
7.2
6.8
7.7
7.7
6.9
7.7
7.3
7.6
7.2
7.5
7.7
7.4
8.0
8.3
8.5

7.5
6.9
8.3
7.9
7.5
7.4
6.9
6.7
7.4
7.3
6.8
7.4
7.8
7.7
9.3
9.2
9.8
8.7
14.1
10.7
11.2
10.8
8.1
7.3
7.4
7.0
8.4
7.8
8.1
7.2
6.7
6.3
6.8
6.3
6.1

9.2
10.6
11.4

8.7
9.0
9.4
9.0
8.4
6.9
7.9
7.9
8.2
7.8
8.2
7.4
7.4
8.7
8.2
7.2
8.8
7.9
8.0
8.0
8.1
9.2
8.6
8.6

12.0
9.5

WEST NOETH CENTRAL—COntd.

North Dakota 11.0
11.6
11.6
10.3
11.4
11.2
9.6
11.5
11.1
10.2
9.8
10.7
9.9
9.5
10.1
9.8
8.7
11.3
11.6
8.5
8.8
9.8
9.8
8.5
9.8
9.0
7.7
9.5
9.2
7.8
7.5
9.6
8.4
8.0
10.2
7.9
7.9

10.2
8.7
8.1

6.0
6.0
6.2
6.0
6.0
6.0

6.0
6.3
6.0
6.4
6.2
6.0
6.1
6.4
7.3
6.2
5.9
6.0
6.0
7.7
6.4
6.0
6.0

11 8
District 1 12.5

District 6 District 2 12.3
District 7 Districts 11.3
District 8 District4 13.2
District 9 Districts 12.0

District 6 9.7
District 1 District 7 12.2
District 3 Districts 11.7
District 4 Districtg 10.6

South Dakota 10.6
District 5 District 1 12.4
District 6 District 2 11.4
District 6a District 3 10.3
District 7 District 4 10.6
District 9 District 5 9.9

Michigan District 6

.

9.1
District 1 District 7 12.3
District 2 Districts 12.4
District 3 District 9 8.9
District 4 Nebraska 9.3
District 5 District 1 . ... 10.2
District 6 District 2 10.4
District 7 District 3 8.8
District8 District 4 10.6
District 9 District 5

.

9.1
Wisconsin District 6. . . 8.3

District 1 District 7 10.4
District 2 District 8

.

9.9
District 3 District 9

.

8.3
• District 4 Kansas . 8.8

District 5 District 1 10.1
District 6 District 2 8.9
District 7 District 3 8.6
Districts 1 District 4 (2)

8.0District 9 District 5
District 6 8.1
District 7 10.9

Minnesota District 8 9.6
District 1 8.4
District 2

SOUTH ATLANTIC.

Delaware

District 3

District 4

6.2

Maryland 7.0

District 1 7.4

District 2 6.4

District 3 6.4

District 1 District 5 8.0

District 2 District 6 (2)

District 8 7.5

Virginia • 8.2

District 5 District 2 7.0

District 6 District 4 9.1

District 7 District 5 10.2

District 8 District 6 7.6

District 7 7.5

District 8 8.1

Di<5trict 1 District 9 8.2

District 2 West \ irginia 6.6

District 3 District 1 (=)

District 2 7.0

District 5 District 3 (^)

District 6 District 4 8.4

District 7 District 5 (-)

Districts. .. .
^6.6

Districtg 1 District 8 7.3

1 Average of estimated total cost (rate per cent), including "discounts, bonuses, commissions, and
any other extra charges," as reported by correspon dents.

2 Data at hand not sufficient to warrant the showing of a district average.
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Loans to farmers on 'personal security—-Average rates for interest and for total cost,

States and districts—Continued.
by

Geographic division, State,
and district.

SOUTH ATLANTIG—COntd.

North Carolina.
District 1 .

.

District 2 .

.

District 3 .

.

District 4 .

.

District 5 .

.

District 6..
District 7 .

.

District 8 .

.

District 9 .

.

South Carolina.
District 1 .

.

District 2 .

.

Districts..
District 4 .

.

District 5 .

.

District 6..
Districts..

n eorgia
District 1 .

.

District 2 .

.

District 3 .

.

District 4 .

.

District 5 .

.

District 6 .

.

District 7 .

.

District 8 .

.

District 9..
Florida

District 1 .

.

District 3 .

.

Districts..
District 8 .

.

Loans on personal
security.

Average Average
interest total

rate. cost.'

E.\.ST SOUTH CENTEAL.

Kentucky
District 1 .

.

District 2..
District 3 .

.

District 5 .

.

District 6 .

.

District 7 .

.

District 7a.
District 8 .

.

District 9 .

.

Tenne.ssee
District 1 .

.

Diitrict2..
District 3 .

.

District 4 .

.

District ') .

.

District 6..
District 7..
Districts..
District!)..

Alabama
District 1 .

.

District 2 .

.

District 3 .

.

District 4 .

.

District .5..

Dlstric-te..
Di.strict 7 .

.

District 8..
Dlstric-t9..

Ml»slssij)pl

District 1 .

.

District 2..

(^)

8.2

8.7

10.

7,

(=)

9.

7.

8.

10.

13.1
8.3
9.1
11.7
10.0
11.0
14.0
10.5
10.5
9.4
11.2
10.0
10.3

(-)

11.9
11.8
12.1
11.5
10.8
13.1
11.8
12.9
11.0
11.8
11.4
11.4
11.6
11.4
12.4
9.8

8.8
9.2
8.2
9.1
7.5
9.0
10.3
9.2
8.4
9.3
9.9
10.3
9.8
S.8
11.1
9.0

n
13.1
8.8
8.7
12.4
11.5

15.

8

12.0
10.0
12.fi

12.8
10.3
11. S

12.

5

10.8
11.1
10.3

Geographic division. State,
and district.

Loans on personal
security.

EAST SOUTH CENTRAL—Contd.

Mississippi—Continued

.

District 3

District 4

District 5
District 6

District 7

District8
District 9

WEST SOUTH CENTEAL.

Arkansas
District 1 .

.

District 2..
Districts...
District 4..

-

Districts...
Districts...
District 7...

District 8...

District 9...

Louisiana
District 1 . .

.

District 2...

District 3 . .

.

District 4...

Districts...
District 6...

District 7...

Districts...
District 9...

Oklahoma
District 1...

District 2...

Districts...
District 4...

District 5...

District 6..

District 7..

Districts..
Dishlct9..

Texas
District 1..

District 2..

Districts..
District 4..

District 4a.
District 5..

District Ci..

Districts..
District 9..

Montaua .

.

District 1.

Dislrictti.

OislrictS.
District 4.

Dislrict 5.

District (i.

District?.
Districts.
District 9.

Idaho
District 1.

District 2.

Dislrict 4.

Districts.
r)istrict7.

Average
interest
rate.

8.6

8.1
8.5

8.3

9.9
9.7
10.4
9.9

9.8
9.8
10.2
9.8
9.0
10.5
9.3
9.1
8.0
9.2
8.3
8.5
8.5
8.2
12.5
11.2
10.4
12.1
12.2
12.7
13.8
12.2
13.2
14.4
10.2
11.1
10.2
10.9
10.0
10.4
9.9
10.3
9.3
9.4

total
cost.i

11.1 r.j.1

12. 15.0
11. S 12.3
11.4 12.0
11.3 12.5
10.8 11.5
ll.fi 13.7

n f=)

11.3 12.5
10. 3 10.4
10.4 11.5

10.7 11.6
r-) (2)

r^) m
10.4 11.3
10.2 12.8

I Average of estimated total cost (rate jjer ccnl), including 'Miscounts, bonusui

any olhur extra charges," as reported by correspondents.
'Data at hand not sufficient to warrant the showing of a district average.

commissions, and
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Loans to farmers on personal security—Average rates for interest and for total cost, by
States and districts—Continued.

Geographic division, State,
and district.

Loans on personal
security.

Averarge Average
interest total
rate. cost.i

10.1 11.4
10.5 11.3
10.2 11.0
10.6 11.5
10.3 10.7
8.4 8.8
10.3 10.9
10.8 11.9
9.9 11.1
10.3 11.2
13.0 13.6
12.1 0)
10.1 10.8
11.4 13.8
10.0 11.1
8.8 10.4

9.8 11.4
9.3 13.2
11.2 13.5
10.8 12.3
9.0 10.5

Loans on personal
security.

Geographic division. State,
and district.

MOUNTAIN—continued

Idaho—Continued

.

District 8
District 9

Wyoming
Colorado

District 1

District 2

Districts
District 4
District5
District 6

District? ,

Districts ,

District9
New Mexico
Arizona
Utah

PACIFIC.

Washington
District 1

District2
Districts
District 4

PACIFIC—continued

.

Wasliitigton—Continued

.

District 5
District 6
District?
Districts
District 9 ,

Oregon ,

District 1

District2
Districts
District 4 ,

Districts
District?
Districts ,

District 9

California
District 1

District 2

Districts
District 4
Districts
District 5a
District 6 ,

District 6a
Districts

1 Average of estimated total cost (rate per cent), including "discounts, bonuses, commissions, and any
other extra charges," as reported by correspondents.

2 Data at hand not sufficient to warrant the showiug of a district average.

DISTANCE FROM FINANCIAL CENTERS.

The location of financial centers, which determines their distance

from the borrowers in a given community, conforms to the localization

of commerce and industry. The latter is generally governed by natm^al

conditions. This means that distance from financial centers as a

factor affecting interest rates is also relatively permanent, although

to a less degree than in the case of climate, contour, and soil condi-

tions. A study of the table on page 3, in connection with the

accompanying map, shows that the averages for the cost of loans

gradually rise as one proceeds outward from the leading financial

centers. It is believed that variations in interest rates attributable

to this factor can be considerably lessened, but the remedy for this

appears to lie in institutional rather than individual effort.

CHARACTERISTICS OF THE BORROWER.
PERSONAL CHARACTER.

The borrower who is known to be a man of honesty and integrity

and who shows abiUty and judgment in the conduct of his farm

business will ordinarily command the confidence of his banker and

obtain credit on terms relatively favorable for his class of loans,

whereas the individual who is uncertain in his personal character,
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erratic in liis judgment, and irregular in his business habits will be

considered a less deshable risk and, if he obtains a loan at all, usu-

ally must pay a higher rate of interest. In any case, if credit is to be

extended wisely it is just as important to discourage its use among
those who can not be trusted as it is to grant credit to trustworthy

borrowers who will use the borrowed money profitably and repay it

promptly.
BUSINESS ABILITY AND BUSINESS HABITS.

Oftentimes the borrower may be honest and upright in his inten-

tions, but may fail to appreciate the importance of being prompt in

meeting his obUgations. Possibly he thinks that a few days after

the date of matm^ity is soon enough to make payment, and that a

little delay is unimportant. He may not stop to consider that extra

work and expense are involved when notice must be given of overdue

paper, or that bank examiners do not take kindly to notes that are

overdue.

Again, the business ability and business habits of the farmer are

tested when the banker asks for a statement of the borrower's busi-

ness. This information is needed by the banker as a basis for intel-

ligent rating. If the borrower is in the habit of keeping accounts

and can explaiu the nature of his resources and liabilities and thus

indicate accurately his financial standing, the wisdom of granting a

desired loan as weU as the proper terms thereon readily can be deter-

mined. On the other hand, if this information is lacking and the

banker is in doubt about the safety of a particular loan, he is likely

to charge up his uncertainty to the borrower's account in the form

of a higher rate of interest.

The requirement that a borrower shall submit a statement of his

business is being applied by bankers in their dealings with mer-

chants and manufacturers. Accordingly, business men in general

have become more or less familiar with this requirement, and are

prepared to furnish such a statement whenever it is called for. Some
bankers, in inaugurating a similar plan in connection with their farm

loan business, are supplying farmers with especially prepared blanks,

or rate sheets, on which the farmers furnish the desired information.

METHOD AND CHARACTER OF FARMING.

One important purpose of the rate sheet is to show how far the

famjer devotes his energies to raising a single crop, or how far he di-

versifies his farming and gives attention to the raising of foodstuffs

for his family and feed for his animals. If, for example, farmer A
has a garden and raises enough vegetables and fruit to supply the

family needs, if he keeps enough poultry, pigs, and other live stock to

meet the requirements of his household for eggs, meat, milk and

butter, if he provides enough pasture, hay, and fodder to feed his
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live stock, he has this advantage, that when the cash crop, whether
cotton or grain, is ready for sale in the fall, it is not tied up with a

lien to meet a season's advance for food or feed. He is in a position,

therefore, to sell his cash crop whenever the marketing conditions

are favorable. The relatively favorable position of such a farmer

assists him in commanding the confidence of lenders.

On the other hand, consider farmer B, who comes to the local

merchant and makes credit purchases of bacon, commeal, and canned

goods for table use, and who goes back to his farm with a bale of

hay or a sack of feed in his wagon box. In his cotton field there are

patches where the yield is poor because of low soil fertihty and indif-

ferent methods of cultivation. The only enterprise on the farm is

cotton growing and this crop is mortgaged in advance to supply the

food and feed purchased in town and consumed on the farm. Farmer
B has little if any credit at the bank. He gets a limited store credit

on an advancing basis from a local merchant. His is the most ex-

pensive kind of credit and probably he is the farmer who is the least

able to pay for it.

RESPONSIBILITY FOR THE ONE-CROP SYSTEM.

In some regions the lender even more than the farmer is responsible

for the continuance of a one-crop system of farming. This is es-

pecially true where bankers refuse to extend credit to farmers except

on the basis of a single crop, such as cotton in the South or a cereal

crop in the North. Such a mistaken policy can be corrected only to

the extent that the banker realizes the evil eflPects of one-crop farm-

ing and undertakes to cooperate actively with the farmer in the

extension of credit on a proper basis.

It is scarcely possible to lay too much emphasis upon the practical

importance of the method and character of farming as a factor affect-

ing interest rates on farm loans. Every agricultural region has its

own peculiar problems of adapting farming methods and practices to

local conditions. There are progressive bankers in various parts of

the country who reahze the unportance of cooperating with the

farmei^s in promoting the kind of farmmg that wiU be permanently

beneficial to the community. This suggests a common interest

between bankers and farmers which should be made the basis for

further cooperative effort.

CHARACTERISTICS OF THE LOAN.

As the importance of promoting and encouraging improved systems

of farming becomes increasingly apparent, attention wiU be directed

more and more toward such questions as the purpose and size of farm

loans. How are the proceeds of a proposed loan to be employed?

Are they to be expended for a productive purpose, such as would lead
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to improvement in tlie farming business ? Is the size of the loan well

adapted to the purpose in view ? Does the period for which the loan

is to run conform to the time the capital is actually needed ? All of

these questions have a direct bearing on the costs of short-time farm
''oans.

PURPOSE OF THE LOAN.

The use of any given loan ought to yield a return sufhcient at least

to repay both interest and principal. If the returns are not sufhcient

for this purpose, then the money should not be borrowed. The only

way in which the use of credit can be directed so as to serve the inter-

ests of improved agriculture is to control the extension of loans so

that they may be used for productive purposes only. This means, at

the same time, a safer use of credit.

In some localities banks offer loans to farmers at reduced rates of

interest when the money borrowed is used for some specific and
approved purpose, such as the purchase of live stock, the building of

silos, or the making of other improvements which will make farming

more profitable under the given conditions.

SIZE OP THE LOAN.

The banker usually charges a higher rate of interest on a small loan

than on a large one. The clerical and bookkeeping expenses are the

same in both cases. Unless a higher rate were charged on small loans,

the point would be reached where the expenses connected with such

loans would be greater than the interest. On the other hand, it pays

the banker to handle large loans at a lower rate of interest.

The importance of restricting loans to those for approved pro-

ductive purposes and of having the size of the loan conform to the

requirements of sound farm investment has been recognized by some
bankers to such an extent that they employ advisers who discuss

such questions with their farmer patrons in order to promote the

interests of their farm-loan business. This plan has been followed

by banks in the Central West, in New England, and in the South.

The plan of one of the southern banks may be taken as an example.

Tlie agricultural adviser employed by this bank, after a conference

with the prospective borrower, decides whether the proposed loan is

businessUke and expedient. If the purpose of the loan meets with

his approval, he works out a plan of procedure with the farmer.

The farmer may consider that he needs a loan of SI,000. As a result

of his conference with the adviser it may be found that $700 is sufh-

cicnt. They discuss the safety of the proposed investment, the

additional equipment necessary, and in case live stock is to be pur-

chased, the crop rotation that will furnish the most economical sup-

ply of feed. These items are all arranged and agreed upon before

the bank makes the loan. After the loan has been made and the
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capital invested it is the duty of the adviser to visit the faiin from

time to time to see if the plan adopted is adhered to and if the

investment is yielding proper results. Such a plan means added

protection to both the farmer and the banker.

RELATION OF THE FARMER TO THE LOAN AGENCY.

The banker often makes a difference in his interest charges between

the regular patron and the man who is not a regular patron, other

conditions bemg equal. If it is a question of favoring the one or the

other, the banker generally favors his patrons. Tlie farmer, there-

fore, who desires credit on favorable terms at a bank usually finds

it important to establish banking connections by opening a checking

account. In this way he becomes familiar with banking methods and
with the general banking requirements for the extension of credit.

A farmer who maintains this direct relation with his bank will

understand something of the need for a definite basis for his financial

rating, and will realize the importance of keeping farm accounts so

that he can make a faii'ly definite showing of his resources and
liabiUties and of his farm income. The value of this reahzation can

not be emphasized too strongly, in view of the fact that relatively

few farmers keep accounts sufficient to give them a knowledge of

their faiTQ income, partly because of lack of training and partly

because of a disinclination for this kind of work. Moreover, many
farmers are occupied so completely with other duties that they feel

they have little time to keep accounts.

Attempts are being made to overcome these difficulties in various

ways. In one rather thickly settled farming region in Massachusetts,

for example, the farmers have hired a bookkeeper cooperatively,

who visits the farms and keeps the farm accounts. In certain States

a plan has been adopted whereby the banker virtually becomes a

bookkeeper for the farmer. Under this plan the farmer agrees to

deposit all his receipts with the bank and to make aU his payments
by check. The fanner's deposit sHp shows the source and character

of each item, and there is a space on each check in which to indicate

the pm"pose and character of the expenditure represented. Under this

plan the banker is in a position to send the' farmer a fairly complete

monthly statement of his receipts and disbursements.

HOW COLLECTIVE ACTION AMONG FARMERS MAY IMPROVE THEIR RELATIONS TO
LOAN AGENCIES.

In some parts of the country where farmers, if they obtained loans

at aU as individuals, were compelled to pay very high rates of interest,

plans have been tried out under which groups of farmers have been

able collectively to estabhsh improved relations with banks. In

several locaHties of the Central Western and Rocky Mountain regions,
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farmers have formed temporary agreements under which they act

collectively as guarantee associations for approved loans of members.

The added security from these associations has enabled members to

obtain loans at reduced rates of interest. Another plan, illustrated

by what has been done in a Texas community, involves a temporary

agreement between a group of farmers and a bank, but differs from

the plan previously mentioned in that the added security consists of

a reserve fund left with the banker. Each borrower allows the bank
to retain 5 per cent of his loan for a reserve fund, which is held as a

guarantee for all the loans made under the agreement and is returned

to the farmers at the termination of the agreement.

Under another plan, which has been employed in several communi-
ties of the Northwest, a group of business men agree to deposit a sum
of money with a bank and guarantee the loans given to farmers for

some specific and approved purpose. In all such cases farmers have

been enabled to obtain credit on more favorable terms than usual.

HOW THE COOPERATIVE CREDIT ASSOCIATION HELPS MEMBERS TO OBTAIN LOANS
ON BETTER TERMS.

In a number of locaHties in this country, groups of farmers have

organized cooperative credit associations or credit unions. Usually

each credit union makes definite arrangements with some bank by
which the latter acts as a depositary and furnishes loans on specified

terms. Thus one of the unions in North Carohna receives 3 per cent

interest from its bank on deposits subject to check and 4 per cent on

savings accounts left on deposit three months or longer, and pays 5

per cent interest on its loans from the bank. The credit union in

turn pays its own members 4 per cent on their savings accounts and

furnishes them loans at 6 per cent. Such a credit union not only

accustoms its members to the use of check and savings accounts but

also enables the members to obtain loans for approved productive

purposes on better terms than they could obtain elsewhere.

ATTITUDE OF THE LOAN AGENCY TOWARD THE FARM-LOAN BUSINESS.

In many regions the banks are not accustomed to dealing with

farmers to any extent, especially with tenants and croppers, and the

latter, therefore, must obtain their loans from other sources. This is

especially true in the cotton States, where the system of advances

from merchants to farmers still prevails. A few banks are breaking

away from this traditional attitude, however. In one community
of South Carolina the banks are actively soliciting business with

croppers and renters as well as with farm owners. One of these banks

began this policy 15 years ago on the assumption that many small

accounts of this character properly scattered would be safer for the

bank than a few large accounts. The experiouco of these banks has

led them to become more active than cvcjr in the extension of their
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farm-loan business, while the farmers of their vicinity generally are

obtaining loans on better terms than those living under similar

agricultural conditions elsewhere.

It is realized that the farmers in some sections of the country are

accustomed to carrying check accounts with banks and are as familiar

with the requirements of banking relations as other business men.

There are other regions, however, where many farmers have not had
such experience in commercial matters and where the bankers could

be of practical assistance in making the farmers better acquainted

with banking methods. The banker should remember that the

farmer is not subject to the periodic visits of an examiner, requiring

that certain matters receive attention promptly within definite time

limits. This is one reason why farmel's do not always realize the

importance of meeting their obligations on specified dates. One plan

that has proved helpful in this connection is to have the banker give

the farmer the benefit of ample written notice with reference to the

maturity of interest or other payments.

Existing bankmg methods and practices as related to farm loans

are often criticised by reason of the unwUlmgness or inabiUty of

certain bankers to carry over farm loans until the farmer is prepared

to meet his obligations. Complaint is often heard of cases where a

banker, with a little extra effort, could make arrangements to carry

over the loan of some farmer patron, but where in fact an apparent

indifference to the weKare of the farmer is shown. It is interesting

to learn, however, that many bankers manifest exactly the opposite

attitude, and use every resource at their command, includuig such

assistance as they can obtain at larger financial centers, in order to

carry over their farmer patrons until such time as payment on loans

can be made conveniently.

Where banks are active in developing farm-loan business they

realize the importance of understanding the requirements of safe and
progressive agriculture and also the importance of educational work
among farmers in the interest of improved agriculture. Such knowl-

edge gives the banker a better understanding of the merits of farm

loans and at the same time tends to raise the standard of farm-loan

paper. These considerations not only make possible a safer and larger

loan business for the banker but also lead to a decrease in the interest

rates paid by the farmer.

WASHINGTON : GOVERNMENT FEINTING OFFICE ; 1919
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The aim of this bulletin is to determine the value of those things

which the farm furnishes to the farm family without money cost,

namely, the use of a

house, food, and fuel.

To this end data were

seciu-ed from nearly

1,000 families, repre-

senting widely sepa-

rated sections in 14

States. Figures were

gathered covering the

value of all food, fuel,

and shelter, itemized

to show what part

was bought and what

part was furnished by
the farm. Data also were collected bearing on the value of house-

hold labor on the farm,

FACTS BROUGHT OUT.

Following is a brief summary of the more significant averages

estabUshed by this inquiry. The figures given are based on reports

from 950 famiUes, averaging 4.8 persons per family.

.5368.5°—Bull. 410—16 1

Fig. 1.—Map of United States, showing locations of areas studied.



2 BULLETIN" 410^ U. S. DEPABTMEIvrT OF AGRICULTURE.

Annual value offood, fuel, and use ofhou^e^'—

A j: -1 <^„,o[F^iriiishedbYfarm.. $424 (66 per cent).
Average per family, I642{g^^gj^^

218 (34 per cent).

Annual value offood—
[Animal products. 58 per cent

Groceries 25 per cent

Vegetables 11 per cent

Fruits 6 per cent

From farm . . 58 per cent.

Bought 42 per cent.
Average per family, $448

.

Annual value offuel—
fWood (9.4 cords).. $36,801.^ ,

Average perfaonily, $62. Coal (2.6 tons).... 17.85 ^'^^Jf^"^" ' l\
"^'^ ^^^ "

loil (55 gallons)... 6.33^^^"^* 46 per cent.

Annual value of use of house—
Average per family, $132.

Annual value of housework—

•

fFxirnislied by family. . $217 (95 per cent).
Average per family, *z,^o-iT-r. , m /r a.\" ^ -^

[Hired 11 (5 per cent).

It was found that the average annual value of meats (other than

poultry) consumed per family was $107.25; of poultry products,

$55.40; and of dau-y products, $98.36. (The quantity of dairy prod-

ucts consumed was equivalent to 2,640 quarts of milk.)

Meats constitute the most important group of foods. As it

increases relative to the other gTOups the total value of food con-

sumed per family increases. Those famihes having a relatively

greater consumption of either groceries, vegetables, or dairy products

use relatively less meats, and their total consumption of food is less

in value.

Families Hving on their own farms reported higher consumption of

food and a larger proportion of food derived directly from the farm

than did those hving on rented farms.

The avrerage quantity of fruit canned annually per family was 122

quarts; of vegetables, 32 quarts.

The cost of board (as of hired hands) in food, fuel, and housework

was shown to be $129 per year. Thirty-one per cent of this repre-

sents cash outlay.

SOURCES OF DATA.

The data presented in this bulletin were collected during the

summers of 1913 and 1914. The results of the 1913 study have been

pubhshed in Farmers' Bulletin 635, What the Farm Contributes

Directly to the Farmer's Living. In that study records were taken

from 483 farm families distributed over 10 areas in as many States.

Four additional areas were visited during the summer of 1914, A
greater number of families per area were visited in this study than in

that of 1913, thus permitting more detailed analysis of the data. The
data from all areas are included in the tables only where the number
of records were sufficient to do justice to the study.
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A study of this kind is merely indicative in nature; no two families

are alike in their tastes or financial ability to purchase what is most
desired. Weather and other conditions limit the quantity and
quahty of products furnished by the farm for family use. The
average of a large number of famUies is thus the best measure of the

consumption per person or per family of food and fuel and the pro-

portion of these furnished by the farm.

The data were obtained by the survey method, the enumerators

being experienced men trained in that particular line of work. Few
families keep an account of expenditures for household purposes or a

record of products taken from the farm for house use; but careful

questioning enables the enumerator to secure fairly accurate data.

REGIONS STUDIED.

Data were collected in 10 different are as in the year 1913. The three

cotton-growing areas visited were in Gaston County, N. C; Troup

and Meriwether Counties, Ga.; and McLennan County, Tex. The
types of agriculture in the North Carolina and Georgia areas were

fairly similar, cotton and corn being the main crops. In the Texas

area, however, a definite rotation of com, oats, and cotton is fol-

lowed. Farming is here done more extensively. The annual rain-

fall is considerably less than in the other two cotton-growing areas

visited. Cloud County and Montgomery County, both important

corn-growing districts, were selected for the work in the States of

Kansas and Iowa, respectively. The chief crops grown in the

Kansas area are corn, wheat, and alfalfa, though some farmers raise

only corn and aKalfa. A series of dry years has discouraged the

growing of all but a few vegetables. In the Iowa area the agriculture

is more divei'sifi.ed, considerable oats and wheat being grown. Hog
raising is an important industry in both these sections. The Jefferson

County, Wis., area is wholly a dairy section. The money crops

raised are oats and barley. Considerable pure-bred Holstein and

Guernsey five stock is raised here. General farming is the prevailing

type in Champaign County, Ohio, and in Bucks County, Pa. Corn,

oats, wheat, and hay are the principal crops, with small dairies on

many of the farms. In Otsego County, N. Y., and LamoUle County,

Vt., dairying is the chief enterprise. The growing seasons here are

appreciably shorter than in any of the other areas.

In 1914 more specialized sections in New Jersey, Maine, North

Dakota, and California were visited. The New Jersey area ui

Gloucester County was distinctly market gardening or trucking.

Much of the produce was hauled by the fanner to Philadelphia, a

distance of about 10 miles, affording a good opportunity to buy house-

hold supplies. Vegetables and fruits were raised in great variety.
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The Maine areas iii Androscoggin and Oxford Counties were dairy

and fruit regions. Apples and dairy products were the important

farm sales. Considerable sweet com was also grown for canning

purposes. In North Dakota, Cass County was visited. Grain grow-

ing is the chief industry there. The farms are large and the distance

to market relatively great. Practically no fruit is raised, and the

variety of vegetables grown for home use is small. The region

studied in Santa Clara County, Cal., is an irrigated fruit area. The
farms are small and most of the area is devoted to fruit. The most

generally grown fruits are prunes, apricots, and peaches. On many
of the small farms all the land is devoted to fruit trees, no land being

set aside even for the family garden. A garden to be successful has

to be irrigated at frequent intervals, which is not always convenient

with their present equipment, since the orchards are generally irrigated

only once or twice a year.

THE FARMER'S INCOME.

The income received by the average farmer is not great. Studies

which have been carried on in different States would indicate that

the average labor income ^ of farmers falls considerably below $600

a year.^ It must be remembered, however, that the average Ameri-

can farmer who is operating his own farm has nearly $5,000 ^ of his

own money invested in his farm business. In addition to his labor

income he has the interest on this capital, while a large proportion

of his needs are met directly by the farm.

THE FARMER'S LIVING.

In this discussion only those items of the farmer's living expenses

have been included whichmay be wholly or partly furnished by the

farm. An attempt is here made to determine the income the average

farmer derives from this source. Upon the size of this direct income

depends, to a large extent, the amount of cash the farmer has for

clothing, recreation, education, incidental expenses, and saving.

.

The total average value of the three items of food, fuel, and use of

house for the 950 farm famihes studied in this investigation (Table I)

is $642, and 66 per cent, or $424, of this is furnished by the farm.

The area in which the value of these items was the greatest was in

Cass County, N. Dak., where the total was $948 per family, 61 per

cent of which was furnished by the farm. The average family in

1 Labor income: The amount that the farm operator has left for his labor after the farm expenses and
5 per cent interest on the average capital invested are deducted from the farm receipts. It represents what"

he earned as a result of his year's labor after the earnings of his capital have been deducted. It does not

Include the value of the use of the house or the fuel and food products furnished directly by the farm for

family use.

2 U. S. Department of Agriculture, Bureau of Plant Industry Circulars 75 and 132, Bulletins 41 and 117.

N. Y. Cornell Bui. 295. Mo. Agri. Exp. Sta. Bui. 121.

3 U. S. Census, 1910, Equity per farm.
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this region was large, being 6.2 persons.^ In Gaston County, N. C,
the total was only $504, 85 per cent of which was furnished by the

farm. The average number of persons to a family here was only 4.5.

Table I gives these values for all areas visited, with the number of

families visited in each section and the average acreage of the farms

operated by these families.

Table I.

—

Average annual value offood, fuel, '^ and use ofa dtvellingfor 950farmfamilies.

Location of regions in whicli study was
made (county and State).

Number
of

families.

Persons
per

family.

Average per farm.

Food,
fuel, and
shelter

furnlslied

by the
farm.

Food and
fuel

bought.
Total.

Oxford, Me
Lamoilie, Vt
Otsego, N.Y
Bucks, Pa
Gloucester, N. J...

Gaston, N.C
Troup, Ga
McLennan, Tex . .

.

Champaign, Ohio

.

Jefferson, Wis
Montgomery, Iowa
Cloud, Kans
Cass, N. Dak
Santa Clara, Cal...

All families .

.

148
49
55
43
126
55
50
44
44
46
51
46
109

4.5
4.8
4.0
5.2
4.7
4.5
5.4
5.3
4.1
4.2
4.4
4.5
6.2
4.9

112
130
118
77
69
86
102
133
175
86
161
152
453
45

349
431
383
445
428
520
363
451
375
485
426
578
341

$244
177
210
225
345
76
110
254
156
173
183
178
370
357

526
641
608
790
504
630
617
607
548
668
604
948
698

950 4.8 136 424 218 642

a Fuel includes oil used for both cooking and lighting.

Wherever the income upon which any family depends fails to

maintain a fair standard of living, the elements of subsistence which

are the last to be sacrificed are those which are most vital to health and

happiness—^food, fuel, and shelter. For the farm families visited the

farm supplied nearly two-thirds of these items, and, if necessity

demanded, the proportion could be made considerably greater.

Table II shows the value of the food, fuel, and house rent furnished

by the farm. The average value of these items per family is $423.58,

or S89.71 per person. Sixty-two per cent of this is food, 7 per cent

fuel, and 31 per cent house rent.

a In comparing the fam flics on the different farms it will be found that they differ in number and age of

persons. They must be reduced to a common basis to be comparable. Students of dietetics reduce all

members of the family to the requirements of one adult man, assuming women and children of different

ages to have certain defmite relative capacity ofconsumption. In this study only two divisions weremade

—

children of 12 years of age and under were counted as one-half an adult, and all persons over 12 years of age

as aduluj. Farm labor and domestic help when boarded were counted as morabers of the family. In the

discu:;"ion throughout the whole bulletin, wherever reference is made to size of family, it is in terms of

adult equivalent.
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Table II.

—

Average annual value offood, fuel, and use of a dwelling furnished by the

homefarm (950 families).

Location of regions in which
study was made (county
and State).

Food.

Per
family.

Per
person.

Fuel.

Per
family.

Per
person.

House rent.

Per
family.

Per
person.

Total.

Per
family.

Per
person.

Oxford, Me
Lamoille, Vt
Otsego,N. Y
Bucks, Pa
Gloucester, N. J
Gaston, N. C
Troup, Ga
McLennan, Tex
Champaigru Ohio
Jefferson, Wis
Montgomery, Iowa
Cloud, Kans
Cass, N. Dak
Santa Clara, Cal

Average, all families

$200. 20
192. 43
189. 60
201. 69
266. 16
330. 65
376. 03
275. 62
248. 28
209. 44
297. 28
292. 48
384. 58
175.62

260. 00

$44. 49
40.10
47.40
38.80
56.63
73.47
69.65
52.00
60.57
47.60
70.80
65.00
62.03
35.84

54.60

$43. 42
63.40
53.80
17.91
15.04
41.87
51.60
4.13

30.50
35.80
30.20
17.97
18.04
16.51

$9.65
13.21
13.45
3.44
3.20
9.30
9.56
.78

7.44
8.14
7.20
4.00
2.91
3.37

$111.00
93.00

188. 00
163.00
164.00
56.00
92.00
83.00

172. 00
130. 00
158. 00
116. 00
175. 00
149. 00

S24. 63
19.38
47.00
31.34
34.84
12.45
17.04
15.66
42.00
29.54
37.62
25.80
28.21
30.40

$354. 62
348.83
431. 40
382. 60
445. 20
428. 52
S19. 63
362. 75

450. 78
375. 24
485. 48
426. 45

577. 62
341. 13

31.44 6.83 132. 00 28.28 423.58

$78. 77
72.69

107. 85
73.58
94.67
95.22
96.25
68.44

110. 01
85.28
115.62
94.80
93.15
69.61

89.71

The distribution of the products bought is indicated in Table III.

Food constitutes 86 per cent of the total and fuel 14 per cent. The
item fuel includes coal^ wood, and oil, oil being used for both fuel

and lighting purposes. The big item of the products bought is food.

The fact that the quantity bought per person varies from $16 to $66

in the different areas would seem to indicate that a material saving

could be made in this group of products bought. In the New Jersey

area, where the average value of food bought per person is relatively

high, this quantity varies from $24 to $120 in a group of families of

the same size, showing that a material saving could be made should

necessity demand it. The fuel bought is not such a variable quan-

tity within the same area.

Table III.—Average annual value of thefood andfuel bought {950families).

Food. Coal. Wood. Oil. Total.

Comity and State.
Per

family.
Per

person.
Per

family.
Per

person.
Per

family.
Per

person.
Per

family.
Per

person.
Per

family.
Per

person.

Oxford, Me $226. 76
169. 17
186. 71

190.32
299. 06
71.28

104. 42
213. 47
124. 98
143.25
146. 43
157. 41
279. 00
322.08

$50.39
35.24
46.68
36.60
63.63
15.85
19.32
40.30
30.50
32.56
34.87
34.97
45.00
65.73

$6.39
1.01

16.00
26.90
30.69

$L42
.21

4.00
5.17
6.53

$2.98
2.00
1.00
L09
5.87
L71

$0.66
.42
.25
.21
1.25
.38

$7.65
4.61
5.79
6.37
9.31
3.10
5.18
7.58
4.88
5.78
6.92
7.21
7.94
6.32

$1.70
.96
1.45
1.21
1.98
.69
.96

1.43
1.19
L31
1.65
1.60
1.28
1.29

$243. 78
176. 79

209. 50
224. 68
344. 93
76.09

109. 60
253. 57
155. 56
172. 73

182. 92
177. 65

369. 65
357.31

$54. 17
Lamoille, Vt
Otsego, N.Y
Bucks, Pa

36.83
52.38
43.19

Gloucester, N. J
Gaston, N. C

73.39
16.92

Troup, Ga 20.28
McLennan, Tex
Champaign, Ohio . .

.

Jefferson, Wis
Montgomery, Iowa.

.

Cloud, Kans
Cass, N. Dak
Santa Clara, Cal

17.35
23.70
20.70
29.57
12.70
62.00
2.84

3.27
5.78
4. 70
7.04
2.82
10.00

.58

15.17
2.00
3.00

2.86
.49
.68

47.86
37.96
39.25
43.56

.33
20.71
26.07

.07
3.34
5.32

39.46
59.62
72.92

Average, all

families 188. 17 39.40 17.85 3.68 5.85 1.14 6.33 1.34 218. 20 45.56
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FOOD.

Of the items furnished by the farm included in Table I, food con-

stitutes 62 per cent, and of the items bought it constitutes 86 per

cent. It is, therefore, the most important item in this discussion,

and considerable space is devoted to it.

Table IV shows the value of food consumed per family and per

person and the amount bought and furnished by the farm. The aver-

age value of the food used per family was $447.92, and $94 per person,

41 .6 per cent of which was bought and 58.4 furnished by the farm. It

is interesting to note that the percentage furnished by the farm varies

in different sections from 35 per cent to 82 per cent. The California

area was low with 35 per cent, but we find that individual families

VALUE 5,00 2.00 30O 4-00 500 60O
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-

mi^mst^/y/////MWMmw^^
mmmmmmmmmmmm^;:m

NORTH DAKOTA

CALIFORNIA

B PRODUCTS BOU&MT 1 3 PRODUCTS FURNI&HEO BY TME. rAnH

Fig. 2.—Average annual value of food used per family, showing relative amounts bought and furnished

by the farm.

within this one area vary from 10 to 65 per cent, showing that some
families could probably depend more on the farm for family table

supplies, but also that the average for families with the highest per

cent furnished is less than the average for all families in some other

sections, and that apparently it is more profitable in this region to

buy certain farm products than to raise them. Figure 2 shows graph-

ically the average annual value of food used per family.

In arriving at the value of the food furnished by the farm average

farm prices were taken. The farmer's estimate as to what the product

would sell f(;r on the farm when in season was checked with the local

grocers' estimate, and in this manner fair average values were charged

for the fruits, vegetables, and other farm products used in the house.
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Table IV.

—

Average annual value of the food of 930farmfamilies.

Coimty and State.
Number
of fami-

lies.

Food consumed per family.

Bought.
Furnished
by farm

Total.

Per cent of food
consumed.

Bought. Furnished
by farm.

Total
consump-
tion per
person.

Oxford, Me
Lamoille, Vt
Otsego, N. Y
Bucks, Pa
Gloucester N. J...
Gaston, N. C
Troup, Ga
McLennan, Tex. .

.

Champaign, Ohio.

.

Jefferson, Wis
Montgomery, Iowa
Cloud, Kans
Cass, N. Dak
Santa Clara, Cal...

All families..

148
49
53
43

126
55
50
44
44

51
46
46
109
84

S198. 55
169. 17
186. 71

190. 32
297. 41

71.28
104. 43
213.47
124.98
143. 25
146.43
157. 41

279. 28
323. 51

S224. 87
192. 43
189. 60
201. 69
264. 94
330. 65
376.03
275. 62
248. 28
209.44
297. 28
292.48
384.95
176. 40

S423. 42
361. 60
376. 31

392. 01

562. 35
401. 93
480. 46
489.09
373. 26
352. 69
443. 71

449. 89
664. 23
499. 91

53.2
46.8
49.6
48.6
52.9
17.7
21.7
43.6
33.5
40.6
33.0
35.0
42.0
64.7

186. 16 261. 76 447. 92 41.6

46.8
53.2
50.4
51.4
47.1
82.3
78.3
66.4
66.5
59.4
67.0
65.0
58.0
35.3

58.4

75.34
94.08
75.40

120. 26
89.32
88.97
92.30
91.07
80.16

105. 67
99.97

107. 03
101. .57

94,00

CLASSES OF FOOD.

The different items of food.used fall naturally into certain groups.

In order to facilitate the discussion, the different articles of food

have been divided into four classes, namely, groceries, animal products,

fruits, and vegetables.

Groceries do not include all articles bought, but only those most
generally bought, such as coffee, flour, sugar, bread, sirups, soda, etc.

In this class are also included lemons, oranges, bananas, and raisins.

The farmer naturally associates these with grocery items, and on

most farms they really do not take the place of other fruits.

Animal products include all meats, eggs, butter, milk, cream, lard,

cheese, and honey.

Fruits include all fruits, fresh, dried, and canned, except those

listed under groceries.

Vegetables include aU vegetables, fresh, dried, and canned.

Table V shows the relative importance of the different classes of

foods for the different areas, animal products bemg easily the most
important in value with 57.8 per cent of the total, followed by gro-

ceries with 24.8 per cent, vegetables 11 per cent, and fruits 6.4 per

cent.

The last three classes may be termed the farm products group.

They include those items of food which are distinctly farm products.

They constitute approximately 75 per cent of the total value of the

food consumed. Instead of 75 per cent of the food consumed being

furnished by the farm, however, we find only 58 per cent of it is

furnished (see Table IV) , showing that nearly one-fourth of the farm

products consumed by farm families are bought rather than taken

from the home farm. It is not intended to imply by this statement

that all should be raised. The most important articles bought in

this group are meat and butter. The meat bill could, no doubt, be



VALUE OF FOOD, FUEL, AND USE OF HOUSE.

reduced with proper household management; but butter makuig on

the farm can not wisely be encouraged when the milk and cream

may be sold. Where only a few cows are kept for the family supply

of milk and butter, butter making on the farm may not be out of

place, for it is easier to market a few pounds of butter every week
than a few quarts of milk every day.

Table V.

—

Distribution of value offood used annually (950 families).

County and State.

Percent oftotal value of food in each class.

Grocer-
ies.

Animal
products.

Fruit.
Vegetar
bles.

Oxford, Me
Lamoille, Vt
Otsego, N. Y
Bucks, Pa
Gloucester, N. J
Gaston,N.C
Troup, Ga
McLennan, Tex
Champaign, Ohio
Jeflerson, Wis
Montgomery, Iowa
Cloud, Kans
Cass, N. Dat
Santa Clara, Cal

Average, all families

25.9
31.0
27.7
27.1
24.9
21.0
21.1
24.2
25.5
26.0
22.0
22.9
22.3
25.2

56.9
52.7
55.5
56.4
57.3
55.0
56.6
60.6
60.7
56.0
61.0
58.8
63.6
58.6

7.2
5.8
6.0
6.5
5.0
8.7
5.1
3.7
6.3
8.0
6.0
7.0
6.6
7.9

10.0
10.5
10.8
10.0
12.8
15.3
17.2
11.5
7.5

10.0
11.0
11.3
7.5
8.3

24.8 57.8 11.0

GROCERIES.

This class of foods constitutes about 25 per cent of the total food

used. The most important items of food in this group, in quantities

consumed, are sugar and fioiu". The quantity of sugar and flour

bought depends upon the individual tastes of the famihes. Those

doing much canning naturally use the most sugar. In some sections

bread is bought and thus less flour consumed. In some sections

sugar is bought by the dollar or half dollar's worth, in others in 5 and 10

pound lots, and in still others it is common practice to buy in 25 or

100 pound bags. Trading is most generally done in small quantities.

Occasionally a family will buy certain of its grocery items from mail-

order houses.

The practice of trading farm products for groceries is becoming

less prevalent. The common products used for trading are butter

and eggs. Less butter is being made on the farm than heretofore,

and eggs often find a better market than the grocery, so that it is a

very common occurrence in many communities for farmers to pay
cash for all their groceries.

In some communities it is still common practice with farmers to

take com and wheat to the mill to be ground into meal and flour for

family use. In some southern sections this is still the usual procedure,

and undoubtfidly is to the financial advantage of the farmer. It

seems, however, to be gradually losing favor.

53685"—Bull 410—16 2



10 BULLETIN 410, U. S. DEPARTMENT OF AGRICULTURE.

It is interesting to note here the average distance the farmer has

to go to buy his groceries. The average distance to town for the

farmers visited in New Jersey was 1.9 miles; in Maine. 2.4 miles; in

North Dakota, 4.5 miles; and in California. 3 miles

ANIMAL PRODUCTS.

This group of food items constitutes 57.8 per cent of the total

value of food consumed by the families visited. In none of the

sections visited does this group furnish less than 50 per cent of the

total food used, and in the North Dakota area it amounted to 63.6

per cent of the total. There is a variation of less than 10 per cent

in the different areas for this group, indicating that this class of food

is the most nearly indispensable. It is interesting to note, however,

that the percentage furnished by the farm for this group varies from
46.1 to 97.3 per cent, the average for all sections being 76.6, as is

shown in Table VI. The farm unquestionably should furnish the

major part of the food products for this group.

Table VI.

—

Proportion of value of groceries, animal products, fruits, and vegetables
bought andfurnished byfarm (950 families).

Location of regions in which
study was made (county
and State).

Groceries.

Bought.

Fur-
nished
by
farm.

Animal products.

Bought.

Fur-
nished
by

farm.

Fruits.

Bought.

Fur-
nished
by

farm.

Vegetables.

Bought.

Fur-
nished
by

farm.

Oxford, Me
Lamoille, Vt
Otsego, N. Y
Bucks, Pa
Gloucester, N. J
Gaston, N.C
Troup, Ga
McLennan, Tex
Champaign, Ohio.

.

Jefferson, Wis
Montgomery, Iowa.
Cloud, Kans
Cass, N. Dak
Santa Clara, Cal

Per cent.

100.0
92.8
96.0
97.8
100.0
76.0
89.7
98.7
97.0
98.7
98.4
99.2
100.0
96.1

Per cent.

7.2
4.0
2.2

24.0
10.3
1.3
3.0
1.3
1.6

Per cent.

42.2
27.6
36.6
33.2
44.6
2.7
5.7
14.2
8.4
2L2
4.3
10.9
21.8
53.9

Per cent.

57.8
72.4
63.4
66.

«

55.4
97.3
94.3
85.8
9L6
78.8
95.7
89.1
78.2
46.1

Per cent.

22.4
23.6
25.1
25.2
35.4
2.0
10.9
98.9
38.2
26.8
44.5
38.6
84.2
38.2

Per cent.

77.6
76.4
74.9
74.8
64.6
98.0
89.1
1.1

6L8
73.2
55.5
6L4
15.8
61.8

Per cent.

15.7
16.3
12.3
15.4
5.3
3.9
1.0

66.1
16.2
6.3

27.0
27.6
4.5

70.9

Per cent.

84.3
83.7
87.7
84.6
94.7
98.1
99.0
33.9
83.8
93.7
73.0
72.4
95.5
29.1

Average, all families ... 95.

7

4.3 23.4 76.6 36.7 63.3 20.6 79.4

In Table VII this group is divided into three divisions, namely,

meat products, dairy products, and poultry products, giving the

average value of the amount consumed annually per person and

per family. The table shows that the dairy products used, which

include cream, milk, butter, and cheese, run slightly less in value

than the meat products, which include beef, pork, mutton, lard,

and fish. The poultry products consumed amount to about one-

half as much as either of the other two groups. Practically none

of the poultry products is bought and only 14 per cent of the dairy

products; but one-third of the meat consumed is bought.
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Table VII.—Average annual value ofmeat products, poultry products, and dairy products
consumed (950 families).

County and State.

Meat products.

Per
person.

Per
family.

Dairy products.

Per
person.

Per
family.

Poultry products.

Per
person.

Per
family.

Oxford. Me
Lamoille, Vt
Otsego, N. Y
Bucks, Pa
Gloucester, N.J
Gaston,N.C
Troup, Ga.
McLennan, Tex
Champaign, Ohio
Jefferson, Wis
Montgomery, Iowa
Cloud, Kans
Cass, N. Dak
Santa Clara, Cal

Average, all familie:

S22. 94
11.88
18.38
23.61
40.32
14.85
17.27
2L61
20.79
18.68
21.87
21.00
27.76
29.83

$103. 23
57.02
73.52

122. 77
197. 57
66.82
93.26

114. 53
85.25
78.46
96.23
94.50

172. 11

146. 17

$21. 50
21.18
20.18
11.37
16.29
25.30
23.28
23.83
20.98
15.05
24.13
22.83
24.75
16.63

$96. 75
101. 66
80.72
59.12
79.82
113.85
125. 71

126. 30
86.02
63.21

106. 17
102. 74

153. 45
81.49

$9.24
6.39
13.33
7.64
12.20
8.37
9.44
10.37
14.95
10.55
17.56
14.34
15.53
12.90

22.20 107. 25 20.52 98.36 11.63

$41. 58
30.67
53.32
39.73
59.78
37.65
50.98
54.96
61.30
44.31
77.26
64.53
96.29
63.21

55.40

Table VIII shows the relative value of beef, pork, and poultry

furnished by the farm and the proportion of all meats bought and

PRODUCTS

VALUE

MAINE:

VERMONT

NEW YORK

PENNSYLVANIA

NEW JERSEY

NORTH CAROLINA

GEORGIA

TEXAS

OHIO

WISCONSIN

IOWA

KANSAS

NORTH DAKOTA

CALIFORNIA

PRODUCTS BOUGHT PRODUCTS rUf\Nl6HtD 6Y TMt fARM

Fig. 3.—Value of average annual consumption per person of meat products, dairy products, and poultry

products, showing relative amounts Ixjught and furnished by the farm.

furnished by the farm. It will bo noted that of the meat furnished

by the farm, pork is easily the most important, constituting 60.8

per cent of the total, poultry being next with 29.2 per cent, and beef

being 10 per cent. The relative quantity of pork used is highest in
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the South and lowest in the North. The farmers in the South also

get more of their meat directly from the farm than those of the North.

Poultry is included in Table VIII as a meat, but in Table VII it is

included under poultry products. Of the meat that is bought, two-

thirds is beef and the rest is pork and fish.

Table VIII.

—

Relative value of different kinds of meatsfurnished by,farm and proportion

of meats furnished byfarm and bought (950 families).

Location of regions in wliicli study was made
(county and State).

Per cent of value of meats
furnished by farm.

Pork. Beef. Poultry.

Per cent of value
of all meats.

Boueht.
Fur-

nished by
farm.

Oxford, Me
Lamoille, Vt
Otsego, N.Y
Bucks, Pa
Gloucester, N. .T

Gaston,N.C
Troup, Ga
McLennan, Tex
Champaign, Ohio
Jefferson, Wis
Montgomery, Iowa
Cloud. Kans
Case,N.Dak
Santa Clara, Cal

Average, all farms

50.6
51.9
47.5
63.9
69.4
81.4
71.9
75.6
69.1
70.0
59.4
50.8
56.6
33.9

11.1
21.1
17.9
18.8
5.0
1.2
5.4

38.3
27.0
34.6
17.3
25.6
17.4
22.7
24.4
25.5
21.3
29.2
32.1
30.1
63.0

35.1
33.8
43.6
40.2
4L2
6.3
9.2

24.6
13.7
20.9
15.7
15.1
37.1
24.0

64.9
66.2
56.4
59.8
58.8
93.7
90.8
75.4
86.3
79.1
84.3
84.9
62.9
76.0

60. 10.0 29.2 25.8 74.2

DAIRY PRODUCTS.

The dairy products group, including cream, milk, butter, and

cheese, amounts to $98 as an average annual consumption per family

for all families visited. As stated before, 14 per cent of these products

are bought and 86 per cent are furnished by the farm. Considerable

butter is bought, but very little milk and cream.

Table IX shows the quantity of dairy products consumed, expressed

in terms of quarts of milk. It is assumed that on the average 8

quarts of milk make 1 quart of cream and 10 quarts of milk make
1 pound of butter. Reducing the items to quarts of milk, it will be

seen that the average annual consumption per person fOr all families

visited is 550 quarts. The consumption per person varied in different

areas from 434 to 746 quarts. More cream and butter were used

in those areas where butter was made on the farm. The farm supplied

473 of the 550 quarts. , The average number of persons per family

for the families visited is 4.8, making the average number of quarts

of milk furnished by the farm for home consumption 2,270 per year.

In the southern areas it is assumed that the milk churned for home
consumption of butter will furnish enough buttermilk for the family,

and thus the equivalent of milk for the butter will cover that for

buttermilk.
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Table IX.

—

Dairy products consumed per person in equivalent quarts of whole milk
(950 families).

[Data assume 8 quarts of milk make 1 quart of cream and 10 quarts of mUk make 1 pound of butter.]

County and State. Cream. Milk. Butter.
Total con-
sumed.

Total
bought.

Total fur-

nislied

by farm.

Oxford, Me
Lamoille, Vt
Otsego, N.Y
Bucks, Pa....
Gloucester, N. J
Gaston, N.C
Troup, Ga
McLennan, Tex
Champaign, Ohio .

.

Jeflerson, Wis
Montgomery, Iowa.
Cloud, Kans
Cass, N. Dak
Santa Clara, Cal

123
178
11

72

17
40
136

204
130
184
133
30
43

258
152
252
251
212
210

299
294
377
201
245
406
520
442
298
310
370
350
398
228

548
660
592
331
434
539
550
485
628
462
639
641
746
438

142
153
241
97
92
4

1

21
132

7
21
39
119

406
507
351
234
342
535
550
484
607
330
632
620
707
319

Average, all farms. 170 338 550 77

FRUITS.

The value of fruit consumed constitutes 6.4 per cent of the total.

Sixty-three per cent of this is furnished by the farm. Fruits include

a class of food products which can be raised much more cheaply than

bought. In the North Dakota area, for instance, only one-sixth of

the fruit used is raised on the farm, and yet the value of the fruit

consumed in this area is relatively as great as in the other sections,

owing to the higher price paid per unit quantity of fruit.

VEGETABLES.

Table V shows that 11 per cent of the value of the food consumed

represents vegetables, 79.4 per cent of which are furnished by the

farm. That the farmer can easily raise most of his vegetables is

shown by the fact that he raises a greater proportion of this group

than of any other group. In raising his own vegetables he eliminates

the cost of transportation and the commission of the middleman,

which are included in the prices he pays for purchased vegetables.

In five of the areas visited over 90 per cent of the vegetables used

are suppUed by the farm, in the Georgia area only 1 per cent being

bought. In some sections certain vegetables will not thrive, owing

to peculiar soil or climatic conditions. This accounts for some of

the vegetables bought.

EFFECT OF DIFFERENT DIETARY SYSTEMS ON FOOD COST.

There is a considerable variation in the cost of food for families of

the same size. This difference may be due either to the fact that

the members of the family are larger consumers or that they con-

sume more of the higher-priced foods. In this connection, it is

interesting to note the effect that the high or low consumption of

one class of food products has on the quantity of other food con-

sumed and on tho total consumption and also on the relative value

of food bought and furnished by tho farm.
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In Table X the families have been divided according to the relative

value of meat consumed. In both areas studied the relative value

of groceries, fruits, vegetables, and dairy products decreases as the

value of meat increases. The value of the total consumption of food

increases with the increase of the consumption of meat, the size of

family remaining nearly constant. The high meat-consuming fami-

lies also buy much more of their food, which is due to the fact that

they buy much more of their meat and use less groceries, which class

includes the non-farm-furnished foods.

Table X.—Relation of the relative quantity of meat consumed to that of other classes of
food and the total consumption of food.

NEW JERSEY.

Num-
ber of

lami-
lies.

Aver-
age
size

family.

Average percentage of total consumption.
Total

Meat, per cent
oitotal.

Gro-
ceries.

Fruits.
Vege-
tables.

Meat
prod-
ucts.

Poultry
prod-
ucts.

Dairy
prod-
ucts.

Fur-
nished
by

farm.

Bought.

sump-
tion
per

person.

25 and less

26 to 35
36 and over. .

.

31

54
41

4.4
4.7
4.9

28.5
25.7
21.9

6.7
5.2
4.1

15.1
13.1
11.0

20.7
31.0
43.6

12.8
10.4
8.5

16.2
14.5
10.8

53
48
42

47
52
68

S99.63
127.30
125.30

MAINE.

20 and less

21 to 29
30 and over. .

.

60 4.6 27.7 8.5 11.2 16.9 10.7 25.0 52 48
59 4.5 25.9 7.1 9.5 24.8 9.4 23.3 46 54
29 4.0 23.1 5.1 8.5 36.5 8.7 18.1 37 63

S86. 39
97.42

108. 97

The families have been divided into three classes, according to the

value of vegetables consumed, as shown in Table XI. The value of

meat and dairy products tends to decrease as the value of vegetables

consumed increases, indicating that vegetables tend to replace some
meat and dairy products in the farmer's diet. The value of the total

consumption and the relative value of food bought decrease as the

value of vegetables used increases.

Table XI.

—

Relation of the relative quantity of vegetables consumed to that of other classes

of food and the total consumption of food.

NEW JERSEY.

Num-
ber of

fami-
lies.

Aver-
age
size

family.

Average percentage of total consumption.
Total

Vegetables,
per cent of

total. Gro-
ceries.

Fruits.
Vege-
tables.

Meat
prod-
ucts.

Poultry
prod-
ucts.

Dairy
prod-
ucts.

Fur-
nished
by

farm.

Bought.

sump-
tion
per

person.

10 and less

11 to 13
14 and over...

42
36
48

4.6
4.5
4.9

23.9
26.1
25.0

4.9
4.6
5.7

8.9
12.3
17.0

37.0
34.1
29.5

11.3
9.3
9.6

13.9
13.6
13.1

42
48
48

58
52
52

S133. 87
118. 73
109.97

MAINE.

8 and less. .

.

9tol0
10 and over.

62 4.0 25.6 6.6 7.4 26.2 10.3 23.7 44 56
37 4.7 25.6 6.6 9.7 25.2 9.7 23.2 46 54
49 4.8 26.7 8.6 13.3 20.7 9.1 21.4 51 49

$104. 36
94.24
85.38
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In Table XII tlie division has been made by the value of dairy-

products consumed. Increase in dairy products used is accom-

panied by an appreciable decrease in the use of meat products, but

no consistent variation in the other classes of foods. Dairy products

are distinctly farm products, and the relative value of food furnished

by the farm increases with the increase in value of dairy products

used. There is no consistent variation in the value of total consump-

tion of food.

Table XII.- -Relation of the relative quantity of dairy products consumed to that of other
classes offood and the total consumption offood.

NEW JERSEY.

Num-
ber of
fami-
lies.

Aver-
age
size

family.

Average percentage of total consumption.
Total

Dairy prod-
ucts, per cent

of total. Gro-
ceries.

Fruits.
Vege-
tables.

Meat
prod-
ucts.

Poultry
prod-
ucts.

Dairy
prod-
ucts.

Fur-
nished
by

farm.

Bought.

sump-
tion
per

person.

10 and less

11 to 15

16 and over...

41
51
33

4.6
4.6
4.9

2.5.1

24.4
25.4

4.9
6.1
5.2

12.7
13.1
12.5

38.5
34.1
26.6

10.2
10.0
10.2

8.6
13.2
20.1

41
49
52

59
51
48

S123. 54
117. 74
118.85

MAINE.

19 and less

20to25
26 and over...

53 4.4 27.0 7.6 10.7 27.6 10.5 16.2 45 55
50 4.5 26.3 6.6 10.0 24.2 10.2 22.4 47 S3
45 4.6 24.3 7.3 9.0 20.0 8.3 30.9 49 51

$98. 19
92.56
93.64

An increase in the proportion of groceries used is accompanied by
a decrease in the proportion of meat and poultry products. (Table

XIII.) The less expensive grocery items seem to replace a large pro-

portion of the more expensive meats. The value of the total con-

sumption here again varies inversely with the relative proportion of

groceries used.

Meats constituting such a large proportion of the total food value,

their variation necessarily affects the total value of food consumed
more than that of any other group. Only about one-third of the

meat (not including poultry) used in these two areas is furnished by
the farm, so that the variation in meat used also very appreciably

affects the relative value of total food bought and furnished by the

farm. The data indicate that the expenditure for meats and the

value of the total consumption of food may be materially reduced by
the increase in the use of vegetables, poultry products, and dairy

products, the groups of foods which are largely furnished directly by
the farm.
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Table XIII.

—

Relation of the relative quantity of groceries consumed to that of other

classes of food and the total consumption of food.

NEW JEKSEY.

Num-
ber of
fami-
lies.

Aver-
age
size

family.

Average percentage ol total consumption.
Total

Groceries, per
cent of total.

Gro-
ceries.

Fruits.
Vege-
tables.

Meat
prod-
ucts.

Poultry
prod-
ucts.

Dairy
prod-
ucts.

Fur-
nished
by

farm.

Bought.

sump-
tion
per

person.

20 and less

21 to 28
29 and over...

32
55
39

4.7
4.8
4.5

17.9
24.9
32.5

4.8
5.2
5.2

12.5
13.2
12.3

40.9
32.5
27.2

11.2
9.7
9.8

12.7
14.5
13.0

49
49
42

51
51
58

$133. 44
122. 60
105.59

MAINE.

24 and less

25 to 30
31 and over...

56 4.2 20.9 7.3 9.4
59 4.8 27.3 7.4 10.2
33 4.2 34.1 6.6 10.4

25.8
24.4
19.9

11.2 25.1 50 50
9.2 21.3 47 53
7.7 21.1 40 60

89.56
80.84

SIZE OF FAMILY AND FOOD PER PERSON.

The number of persons in the family bears a direct relation to the

value of food consumed per person. Table XIV shows that this

variation is not limited to the total consumption, but applies also to

the quantity bought and that furnished by the farm. The families

were divided into three groups, the first group consisting of families

of 2 and 3 persons, the second of families of 4 and 5 persons, and the

third of famiUes of 6 persons and more. The value of total consump-
tion per person for the first group averages $114; for the second

group, $96; and for the third, $84. The values of supphes bought
per person for those groups in the same order average $49, $40, and

$35, and the values of food furnished by farm are $65, $56, and $49,

respectively. The relative value bought and furnished, however,

does not vary in the dififerent groups; that is, the percentage of the

total consumption bought and furnished by the farm is about the

same for large families as for small families. The value of the con-

sumption of the different classes of food is also relatively the same,

indicating that there is more economical utilization of food products

in large families than in small families.
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Table XIV.

—

Relation of size offamily to annual cost offood (950families).

Location of regions in wUch
study was made (county
and State). •

Oxford, Me
Lamoille, Vt
Otsego, N.Y
Bucks, Pa ,

Gloucester, N. J
Gaston, N.C
Troup, Ga ,

McLennan, Tex
Champaign, Ohio.

,

Jefferson, AYis
ifontgomery, Iowa
Cloud, Kans
Cass, N. Dak
Santa Clara, Cal...

All families.

.

Families of 2 or 3 persons.

Average
per person.

•S 03

852
54
53
4S
62
83
95
78

69
53
82
68
78
38

65

$112
94
106
92
141

107
119

133
108
98
120
107
136
127

114

Families of 4 or 5 persons.

364

Average
per person.

S49
38
44
39
63
16
23
40
28
27
33
35
53
70

40 56

91
84
125
94
99
96
87
76
95
100
1^2
109

Families of 6 persons
or over.

Average
per person.

35

$41

32
41

30
47
69

62
43
53
40
70
62
57
33

49

63
84
62
102
81

79

80
77
74

103
94
97
85

CONSUMPTION OF INDIVIDUAL FOOD ITEMS.

TableXV gives the average annual consumption per person and per

family, with the quantity furnished by the farm and quantity bought,

of practically all food items used by the families. It presents the

details on which the generalized data in the other tables are based.

In the other tables quantities are represented by values, because the

difference in the common units for the various items makes value

the only common basis of comparison. Table XV, however, gives

the quantities in units which represent exactly the same volume in

all sections, making the data comparable one section with another. If

the reader is interested in the consumption of any particular article,

or group of articles, this table will give him the desired information.

53685°—Bull. 410—16 3
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Table XV.

—

Average quantity -per family and -per -person of the various articles offood
consumed, the average quantity furnished by the farm, and the quaniity bought per
family {950 families).

GROCERIES.

Coffee (pounds). Cocoa (pounds). Tea (pounds).

Per family. Per family.

ft

Per family.

State.

1
g

"3

o

i

1
o
pq

1

i

1 i
5

"3
i

P4

Vt 15.3
21.4
24.8
38.0
55.1
31.9
31.5
53.5
38.9
44.0
45.7
39.2
58.9
41.6

15.3
21.4
24.8
38.0
55.1
31.9
31.5
53.5
38.9
44.0
45.7
39.2
58.9
41.6

3.2
4.8
6.2
7.3

11.7
7.1

5.8
10.1
9.5
10.0
10.8
8.7
9.5
8.5

_

6.2
5.4
6.4
8.3
6.1
.9

1.1

3.2
4.1
6.2
3.4
4.0
6.2
6.4

6.2
5.4
6.4
8.3
6.1
.9

1.1
3.2
4.1
6.2
3.4
4.0
6.2
6.4

1.3
1.2
1.6
1.6
1.3
.2
.2
.6
1.0
1.4
.8
.9

1.0
1.3

13.3
9.8
8.0
1.6
10.8

13.3
9.8
8.0
1.6

10.8

2.7
Me 2.2
N. Y 2.0
Pa .3
N.J 2.3
N.C
Ga 1.6

2.7
3.3
2.2
4.2
4.5

14.9
8.3

1.6
2.7
3.3
2.2
4.2
4.5
14.9
8.3

.3
Tex .5
Ohio .8
Wis :5

1.0
Kans 1.0
N. Dak 2.4
Cal 1.7

Sugar (pounds). Salt (pounds). Flour (pounds).

Vt 372.0
437.0
376.0
359.0
556.0
279.0
313.0
325.0
377.0
321.0
408.

369.0
529.0
324.0

372.0
437.0
376.0
359.0
556.0
279.0
313.0
325.0
377.0
321.0
408.0
369.0
529.0
324.0

76.8
97.9
94.0
69.0
118.0
62.0
57.6
61.3
92.0
73.0
96.5
82.0
85.3
66.2

58.1
68.2
64.0
86.3
127.2
13.5
27.1
27.0
20.5
13.2
15.2
16.6

111.6
83.3

58.1
68.2
64.0
86.3

127.2
13.5
27.1
27.0
20.5
13.2
15.2
16.6

111.6
83.3

12.0
1.5.3

16.0
16.6
27.0
3.0
5.0
5.1
5.0
3.0
3.6
3.7
18.0
17.0

"'36.'
7'

"408.'
3'

""7.'5'

"580.'
8'

29.8

1,132.0
932.0
736.0
696.3
690.0
999.7

1,260.0
1,092.0
746.5

1,012.0
299.2
964.2

1,318.0
382.0

1,132.0
932.0
736.0
733.0
690.0

1,408.0
1,260.0
1,092.0

754.0
1,012.0
880.0
994.0

1,318.0
382.0

230.0
Me 209.0
N. Y 184.0
Pa.. 141.0
N.J 146.5
N.C 313.0
Ga 232.0
Tex 206.0
Ohio 184.0
Wis 230.0

208.0
Kans 221.0
N. Dak 212.5
Cal 180.0

Cormneal (pounds). Bread bought (poimds). Oatmeal (pounds).

Vt 69.7
62.4
26.8
29.5
18.8
53.9

240.6
298.1
28.4
17.6
33.1
102.6
41.5
36.3

69.7
62.4
26.8
55.6
18.8

384.8
729.2
392.2
86.1
17.6
36.4
102.6
41.5
36.3

14.4
14.0
6.7
10.7
4.0
85.8

134.3
74.0
21.0
4.0
8.6

22.8
6.7
7.4

87.6
67.8
176.8
556.4
570.0
4.5
18.5
48.8
162.4
74.8
84.6
144.0
21.1
197.0

87.6
67.8
176.8
656.4
570.0

4.5
18.5
48.8
162.4
74.8
84.6
144.0
21.1
197.0

18.1
15.2
44.2

107.0
121.0

1.0
3.4
9.2

39.6
17.0
20.0
32.0

65.8
45.9
35.6
21.8
33.0
7.6

17.4
35.0
51.2
37.4

292.7
48.6
66.3
68.6

65.8
45.9
35.6
21.8
33.0
7.6

17.4
35.0
51.2
37.4

292.7
48.6
66.3
68.6

13.6
Me 10.3
N. Yc 8.9
Pa 26.1 ^ 4.2
N.J 7.0
N.C
Ga.

330.9
488.6
94.1
57.7

1.7
3.2

Tex 6.6
Ohio
Wis

12.5
8.5

Iowa
Kans

3.3 69.2
10.8

N. Dak. 3.4 !

40.2 !

10.7
Cal 14.0



VALUE OF FOOD, FUEL^ AND USE OF HOUSE. 19

Table XV.

—

Average quantity per family and per person of the various articles offo63
consumed, the average quantity furnished by the farm,, and the quantity bought per

family (950families)—Continued.

GROCERIES—Continued.

State.

Vt
Me
N. Y....
Pa
N. J....
N. C...
Ga
Tex
Ohio....
Wis
Iowa
Kans..

.

N. Dak

.

Cal

Other cereals (pounds).

Per family.

18.3
12.0
10.4
14.1
2.7
5.4
3.7
17:2
12.3
97.3
16.2
26.7
27.4

9.7
18.3
12.0
10.4
14.1
2.7
5.4
3.7
17.2
12.3
97.3
16.2
26.7
27.4

2.0
4.1
3.0
2.0
3.0
.6

1.0
.7

4.2
2.8
23.0
3.6
4.3
5.6

Currants (pounds).

Vt
Me
N.Y
Pa I

N.J
IN.C '

Ga
;Tex

Ohio '

Wis
Iowa
Kans
N.Dak
Cal

29.0 29.0
21.4 21.4
28.8- 28.8.
27.0 27.0
22.6 22.6
5.0, 5.0
2.7 2.7
42.4 42.4
22.6 22.6
25.5 25.5
36.8 36.8
21.2 21.2
23.6 23.6
14.7, 14.7

•6.0

4.8
7.2
5.2
4.8
1.1

.5
8.0
5.5
5.8
8.7
4.7
3.8
3.0

Graham flour (pounds).

Per family.

32.4
18.7
4.0

27.9
28.4

32.4
18.7
4.0

27.9
28.4

6.7
4.2
1.0

4.5
5.8

Sirups (gallons).

12.2

"i's

3.6
11.7

4.3 16.5
13.8 13.8
5.5 10.0
9.4 9.4
6.6 6.6
4.5 8.1
8.4 20.1
18.6 18.6
3.7 3.7
4.5 6.6
5.5 5.5
5.4 5.4

9.3 9.3
3.9 3.9

3.4
3.1
2.5
1.8
1.4
1.8
3.7
3.5
.9

1.5
1.3
1.2
1.5

Oranges (dozens).

Vt
Me I

N.Y '

Pa '

N..I I

N.C
Ga
Tex
Ohio
Wis

[

Iowa '

Kans
N. Dak i

Cal
i

4.1

4.8 4.8
10.3 10.3
7.2 7.2
7.8 7.8
16.5 16.5
1.8 1.8
2.7 2.7
.5.3 .5.3

.5.3 5.3
4.4 4.4
6.3 6.3
7.2 7.2
12.4 12.4

16.5 20.6

1.0
2.3
1.8
1.5
3.5
.4

.5

1.0
1.3

1.0
1.5
1.6
2.0
4.5

Bananas (dozens).

15.5 15.5

18.3 18.3
18.4 18.4
10.9 10.9
20.7 20.7
3.6 3.6
4.9 4.9
11.1 11.1
11.1 11.1
8.4 8.4
12.7 12.7

14.8 14.8
11.2 11.2

8.3 8.3

3.2
4.1
4.6
2.1
4.4
.8
.9

2.1
2.7
1.9
3.0
3.3
1.8
1.7

Rice (pounds).

Per family.

14.0
12.9
12.0
17.7
28.7
22.5
29.3
35.0
26.2
14.5
19.5
23.4
22.3
46.5

14.0
12.9
12.0
17.7
28.7
22.5
29.3
3.5.0

26.2
14.5
19.5
23.4
22.3
48.5

2.9
2.9
3.0
3.4
6.1
5.0
5.4
6.6
6.4
3.3
4.6
5.2
3.6

Lemons (dozens).

3.5

3.6 3.6
4.5 4.5
4.4 4.4
5.2 5.2
13.2 13.2
1.4 1.4
2.2 2.2
4.2 4.2
4.1 4.1
3.1 3.1
5.1 5.1
5.8 5.8
9.3 9.3
8.7 12.2

0.8
1.0
1.1
1.0
2.8
.3
.4
.8

1.0

.7

1.2
1.3
1.5
2.5

Buckwheat (pounds).

18.0

84.3

13.5

51.7
20.8

8.8

31.5

136.0
20.8

6.5

31.0
4.0

8.8

'•2." 2"

2.0

'.5
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Table XV.

—

Average quantity pei^ family and per person of the various articles offood
consumed, the average quantity furnished by the farm, and the quantity bought per
family {950 families)—Continued

.

ANIMAL PRODUCTS.

Pork (poiinds) Beef (pounds). Poultry (pounds).

Stale.

Per family. Per family.

a

S
ft

Per family.

i

1
A3

o
"3

1

1
1
pa

"3

1

r s
"3

1

i
ft

Vt 251.2
169.5
192.7
48.8
538.2
545.6
695.0
628.1
633.6
590.4
659.5
546.8
889.6
131.8

66.8
. 56.5
99.3
86.2

151.8
5.5
7.0

137.9
42.4
65.6
13.5
41.2
77.4
84.2

318.0
226.0
292.0
575.0
690.0
551.0
702.0
766.0
706.0
656.0
673.0
588.0
967.0
216.0

65.6
50.6
73.0
110.5
146.4
122.4
129.3
144.5
172.2
149.0
159.0
130.6
156.0
44.1

102.5
226.2
95.9
120.3
35.4
9.0
70.2

"57.'
5"

70.1
118.8
148.8
283.4
14.1

65.5
36.8
150.1
255.7
406.6
32.0
64.8
76.0
57.5
75.9

114.2
80.2
152.6
454.9

168.0
263.

246.0
376.0
442.0
41.0
135.0
76.0

115.0
146.0
233.0
229.0
436.0
469.0

34.6
59.0
61.5
72.3
93.9
9.1
24.8
14.3
28.1
33.1
55.1
50.8
70.4
95.7

87.0
94.0
166.3
117.

146.0
233.0
382.0
276.0
301.0
176.0
296.0
477.0
226.0
187.1

""i.6'
1.7

""1.9

87.0
95.0
168.0
117.0
146.0
233.0
382.0
276.0
301.0
176.0
296.0
477.0
226.0
189.0

18.0
Me 21.4
N.Y
Pa

41.9
22.5

N.J
N.C
Ga

31.0
51.7
70.4

Tex 52.0
Ohio
Wis
Iowa
TCam.;

,

N. Dak....
Cal

73.5
40.0
70.0

106.0
36.4
38.5

Fish (pounds). Milk (quarts). Butter (pounds).

Vt 38.0
115.4
23.0
57.0
119.0
3.0
6.0
13.0
2.0'

3.0
6.0
5.0

47.0
151.0

38.0
119.0
23.0
57.0
119.0
3.0
6.0
13.0
2.0
3.0
6.0
5

47.0
151.0

7.8
26.6
5.7
11.0
25.2

.7

1.2
2.5
.5
.7

1.3
1.1
7.6

30.8

911.0
557.4
815.0
669.2
798.6
600.0
164.0
224.6

1,057.0
633.7

1,066.0
1,130.0
1,297.9
852.4

""K.h'

"""e.'s"
69.4

""'4.'
6'

"33.'
3'

""is.'i"
174.6

911;

563.0
815.0
676.0
868.0
600.0
164.0
229.0

1,057.0
667.0

1,066.0
1,130.0
1,311.0
1,027.9

188.2
126.2
203.7
130.0
184.4
133.4
30.2
43.2
257.7
152.0
252.0
251.2
211.5
209.5

68.2
75.8
54.4
60.3
79.4
181.2
282.0
234.0
113.5
81.6
152.9
148.5
224.8
71.7

73.8
57.2
96.6
43.7
35.6
1.8

"'s.h'
54.4
3.1
9.5
22.2
40.3

142.0
133.0
151.0
104.0
115.0
183.0
282.0
234.0
122.0
136.0
156.0
158.

247.0
112.0

29.4
Me 3.6 29.9
N.Y. ..:. 37.7
Pa 20.1
N. J.... 24.5
N.C....... 40.6
Ga. 52.0
Tex 44.2
Oliio 29.8
Wis . 31.0
Iowa 37.0
Kans... 35.0
N. Dak 39.8
Cal.... 22.8

Eggs (dozens). Cream (quarts). Lard bought (pounds).

Vt.... 82.0
108.6
115.9
94.0
153.0
122.0
144.0
206.0
169.0
163.7
246.0
194.0
284.0
101.0

"3.4"

6.1

""3.3"

"'"i.o"

82.0
112.0
122.0
94.0
153.0
122.0
144.0
206.0
169.0
167.0
246.0
194.0
284.0
102.0

16.9
25.1
30.5
18.0
32.5
27.0
26.6
38.8
41.3
37.8
58.2
43.2
45.8
20.8

108.0
69.0
6.0

108.0
69.0
6.0

22.3
15.4
1.4

34.8
81.6
10.8
20.3
33.4
2.2
5.4

38.2

34.8
81.6
10.8
20.3
33.4
2.2
5.4

38.2

7.2
Me. . . 18.3
N.Y
Pa..

2.7
3.9

N.J
N.C .

2.6 •4 3.0 .6 7.1
.5

Ga 1.0
Tex 7.2
Ohio. 37.0 37.0 9.0
Wis 3.5

3.0
27.9
214.8

48.0

3.5
3.0
27.9
24.8
48.0

.8
Iowa
Kans
N.Dak....
Cal..

9.0
22.0
104.0 ""'i.'o'

9.0
22.0
105.0

2.1
5.0
17.0

.7

6.2
4.0
9.8
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Table XV.

—

Average quantity per family and per person of the various articles offood
consumed, the average quantity furnished by the farm, and the quantity bought per
family {950 families)—Continued

.

ANIMAL PRODUCTS—Continued.

Buttermilk (quarts). Honey (pounds). Cheese (pounds).

State.

Per family.

1

PL,

Per family.

o

i
ft

Per family.

"6

1 .a

1
n

"3

1

.a

D
o

"3

O

•6

1
"3

o
m

3
1

ft

Pi

Vt 1.0
2.1
8.4
1.0
.2

.9

.5
6.8
2.1
6.2
.9

1.3
19.8
2.3

1.0
4.0
10.8
2.1
1.4
7.6
5.4
14.8
3.3
8.8
2.5
9.0
19.8
3.4

0.2
.9

2.7
.4

.3

1.7
1.0
2.8
.8

2.0
.6

2.0
3.2
.7

"'o'.i'

2.3
5.3
5.8

""2." 2'

"i'i"

"'9A'
5.1
4.5

8.7
17.9
14.5
7.2

30.5
.9

7.6
5.3
6.9

20.2
10.6
1.8

20.3
29.8

8.7
18.3
16.8
12.5
36.3

.9

9.8
5.3
9.0
20.2
10.6
11.2
25.4
34.3

1.8
Me 1.9

2.4
1.1

1.2
6.7
4.9
8.0
1.2
2.6
1.6
7.7

4.1
N.Y 4.2
Pa 2.4
N.J :::::::::::;;:: 7.7
N.C
Ga.

1,581.3
2,2?0.6
2,090.3

1,581.3
2,280.6
2,090.3

351.4
420.0
394.4

.2

1.8
Tex
Ohio.

1.0
2 2

Wis 4.6
Iowa 2.5
Kans 2.5
N. Dak 4.1
Cal 1 1.1 7.0

!

FRUITS.

Apples (bushels). Peaches (pounds). Plums (pounds).

Vt
Me
N.Y...
Pa
N. J....

N.C...
Ga
Tex....
Ohio...
Wis....
Iowa. .

.

Kans...
N. Dak.
CaL....

Vt
Me
N.Y....
Pa
N.J
N.C...
Oa
Tex
Ohio....
Wis
Iowa

—

Kans....
N. Dak.
Cal

12.9
17.1
18.8
9.5
9.8
14.8
5.0

6.9
10.1

16.6
14.3
.4
.7

2.6 15.5
.3 17.4

18.8
3.0 12.5
2.0 11.8
1.0 15.8
1.0 6.0
4.2 4.2
3.8 10.7
3.5 13.6
4.1 20.7
7.3 21.6
7.0 7.4
.3 1.0

3.2
3.9
4.7
2.4
2.5
3.5
1.1

.8
2.6
3.1
4.9
4.8
1.2
.2

2.3

17.3
134.2
458.9
690.6

70.9

.2
191.7

20.8 20.8
11.1 13.4
60.0 60.0
51.9 69.2
101.3 235.5
4.6 463.5
44.1 734.7
174.9 174.9
71.0 141.9
35.2 35.2
5.3 5.5

127.8 319.5
198.4 198.4
10.9 36.3

4.3
3.0
15.0
13.3
50.0
103.0
135.3
33.0
34.6
8.0
1.3
71.0
32.0
7.4

0.5
23.3

17.6
12.3

13.1

'59.'

i

54.2
19.1

8.7
11.0
1.6
1.1

12.2

6.2
3.1

9.2
34.3
1.6

18.7
24.5

16.3

3.3 . 16.4
6.2
62.2

102.3
19.1

Pears (pounds). Berries (quarts). Cherries (quarts).

1.0
69.9
4.4

160.1
68.1
135.0
54.3

"si.'?
3.0
4.9

14.6

"ii's

11.6 12.6
23.3 93.2
2.0 6.4
8.4 168.5
2.1 70.2

135.0
54.3

30.7 30.7
5.7 57.4
10.2 13.2
12.0 16.9
2.5.9 40.5
107.9 107.9

1.9 14.7

2.6
20.9
1.6

32.4
14.9
30.0
10.0
5.8
14.0
3.0
4.0
9.0
17.4
3.0

10.2 23.7 33.9
77.5 17.0 94.5
26.9 12.7 39.6
43.0 3.8 46.8
54.7 23.5 78.2
156.6 156.6
19.0 8.2 27.2

34.4 34.4
26.6 10.3 36.9
72.9 6.3 79.2
15.4 8.3 23.7
1.3.9 6.8 20.7
18.0 24.8 42.8
9.4 26.9 36.3

7.0
21.2
9.9
9.0
16.6
34.8
5.0
6.5
9.0
18.0
5.6
4.6
6.9
7.4

27.6

30.2
47.1

31.0
25.7
66.1
45.0
.5.8

27.1

4.5
3.2
4.1

5.2

7.0
2.5
11.7
4.5
6.6
10.6

32.1
3.2
34.3
52.3

41.0
28.2
77.8
49.5
12.4
37.7

1.9
7.7
.4

3.6
5.2

3.0

4.0
1.4
14.7

16.5
3.9

6.6
11.1

10.0
6.4

18.4
11.0
2.0
7.7
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Table XV.

—

Average quantity per family and per person of the various articles offood
consumed, the average quantity furnished by the farm, and the quantity bought per
family {950 families)—Continued.

FRUITS—Continued.

Grapes (pounds). Pineapples (number).

State.

Per family.

1

Per family.

§

«
ft

u
0)

p-1

Per family.

-a
o

B
§
n

1 1 3

1

1
1
pq

i 1
S'

Vt 9.7 9.7
22.3
8.4
14.0
41.0
76.5

2.0
5.0
2.1
2.7
8.7

17.0

Me 17.2
5.1

14.0
37.7
76.5

5.1
3.3

"'3.3'

10.7 10.7 2.4
N. Y
Pa
N.J 40.0 40.0 8.5
N.C
Ga
Tex
Ohio 11.5

9.2
42.3
20.3

-
4.2
18.0
16.1
72.0

11.5
9.7

46.5
38.3
16.1
82.8

2.8
2.2
11.0
8.5
2.6
16.9

Wis

Kans
N. Dak 3.7

2.4
3.7
2.4

2.6
.5Cal 10.8

VEGETABLES.

State. Irish potatoes (bushels). Sweet potatoes (pounds). Beans (pecks).

Vt
Me
N. Y....
Pa
N.J
N.C...
Ga
Tex
Ohio
Wis
Iowa
Kans
N. Dak.
Cal

Vt
Me
N. Y...
Pa
N. J....

N.C...
Ga
Tex....
Ohio...
Wis....
lowa...
Kans.
N. Dak
Cal

46.4 0.5 46.9
24.9 .5 25.4
31.8 .6 32.4
25.1 1.9 27.0
35.

7

1.5 37.2
8.1 .1 8.2
8.0 .1 8.1
5.4 8.9 14.3
16.3 6.7 23.0
86.7 1.1 37.8
30.6 1.6 32.2
20.2 5.4 25.6
59.fi 1.2 60.8
4.1 16.6 20.7

i

1

894.4
957.6

1,814.6
1.8
2.5

4.2

48.2

47.1

37.0
173.1
22.1

25.0
20.2
3.1

70.6

48.2

941.5
957.6

1,851.6
174.9
24.6

25.0
20.2
3.1
70.6

10.8

199.9
212.8
341.0
33.0
6.0

5.9
4.5
.5

14.4

5.0
17.2
10.1
13.2
24.8
21.7
24.9
3.8
6.5
2.8
3.5
3.6
5.9
9.8

0.5
5.5
1.5
.4
.5

1.4
.5
8.4
4.3
1.6
4.2
3.2
2.4
9.4

5.5
22.7
11.6
13.6
25.3
23.1
25.4
12.2
10.8
4.4
7.7
6.8
8.3
19.2

Peas (pecks).

5.2 0.7 5.9
18.1 .2 18.3
4.7 .2 4.9
4.3 .4 4.7
4.7 .4 5.1
2.6 .1 2.7
8.1 8.1

3.2 9.5 12.7
1.2 .4 1.6
.9 .4 1.3

2.7 1.5 4.2
3.3 1.6 4.9
4.S .2 5.0
1.5 1.9 3.4

1.2
4.1
1.2
.9

1.1

.6
1.5
2.4
.4
.3
1.0
1.1

Onions (pecks). Cabbage (heads)

0.5 3.9 4.4 0.9 27.1 4.4 31.5
.2 3.1 3.3 .8 17.9 7.3 25.2
1.6 3.0 4.6 1.1 32.5 23.5 56.0
3.2 .8 4.0 .8 82.6 5.3 87.9
4.8 1.3 6.1 1.3 79.3 11.9 91.2
9.4 9.4 2.1 106.9 1.1 108.0
6.9 .1 7.0 1.3 48.4 .5 48.9
5.3 3.2 8.5 1.6 5.9 30.7 36.6
3.7 .4 4.1 1.0 44.7 .4 45.1
3.7 .7 4.4 1.0 76.6 76.6
2.6 2.0 4.6 1.1 32.3 12.5 44.8
9.0 2.7 11.7 2.6 7.0 25.0 32.0
4.4 .6 5.0 .8 45.0 .9 45.9
2.6 9.2 11.8 2.4 9.4 20.0 29.4
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Table XV.—Average quantity per family and per person of the various articles offood
consumed, the average quantity furnished by the farm, and the quantity bought per

family {950 families)—Continued.

VEGETABLES—Continued.

State.

Turnips (pecks).

Per family.

Beets (pecks).

Per family.

Cucumbers (pecks).

Per family.

Vt
Me
N. Y...
Pa
N. J....

N.C...
Ga.....
Tex
Ohio...
Wis....
Iowa...
Kans...
N. Dak
Gal

Vt
Me
N. Y...
Pa
N. J....
N.C...
Ga
Tex
Ohio...
Wis
Iowa. .

.

Kans...
N. Dak
Cal

Vt
Me
N. Y...
Pa
N. J....

N.C...
Ga
Tex
Ohio...
Wis....
Iowa...
Kans...
N. Dak
Cal

5.7
4.2
3.4
5.2
3.4
5.0

17.1
30.0
36.5
1.3
1.5
1.5
3.1
2.2

0.8
.4

"'i'.i'

'"".2

16.1

.7

.3

6.5
4.6
4.0
5.2
4.6
5.0
17.3
46.1
36.5
1.3
2.2
1.8
3.1
8.3

1.4

1.0
1.0
1.0
1.0
1.1

3.2
8.7
8.9
.3

.5

.4

.5
1.7

3.9
5.7
.2

5.5
4.2
5.0
1.6
1.9
2.6
1.8
3.3
2.7
5.0
.2

0.1

1.0

1.8

4.0
5.7
.3

5.5
5.2
5.0
1.6
2.1
2.6
1.8
3.4
2.7
5.0
2.0

0.8
1.3
.1

1.1

1.1
1.1

.3

.4

.5

.4

.8

.6

.8

.4

6.0
10.7
4.8
3.5
2.0
1.4

6.5
10.7
6.5
3.5
2.3
1.4

3.7
6.2
2.1
1.3
10.5
4.6

.1

.1

.7
4.2

3.7
6.2
2.2
1.4
11.2

Tomatoes (pecks). Sweet com (dozens). Squash (pounds).

0.6 2.2 2.8
10.6 .2 10.8
9.4 .6 10.0
20.4 20.4
47.1 47.1
27.0 27.0
20.0 3.8 23.8
2.7 12.1 14.8
17.1 .9 18.0

8.8 .4 9.2
14.4 .9 15.3
13.7 6.5 20.2
17.6 .4 18.0
8.6 13.0 21.6

0.6
2.4
2.5
3.9
10.0
6.0
4.4
2.8
3.4
2.1
4.1
4.5
2.9
4.4

1.1 4.6 5.7
40.4 .4 40.8
20.4 2.8 23.2
40.4 1.2 41.6
43.7 .9 44.6
46.3 .5 46.8
28.6 4.3 32.9
7.9 17.5 25.4
1.9 25.1 27.0

16.4 3.8 20.2
24.0 10.3 34.3
4.1 2.7 6.8

22.9 22.9
13.8 6.8 20.6

1.2
9.2
5.8
8.0
9.5
10.4
6.1
4.8
5.1
4.6
8.1
1.5
3.7
4.2

29.0
66.9
26.0

18.6
21.6 32.3

29.0
66.9
26.0

18.6
53.9

Carrots (pecks). Melons (number).

3.7

3.1 3.1

0.5

126.6
67.5
108.6

18.8
72.0
9.3
14.1

5.3

9.3
74.1

131.9
67.5
108.6

25.4
72.0
18.6
88.2

28.0
15.0
20.0

6.0
16.0
3.0
18.0

1.3
2.4
1.4
.7

.5

.3

.7

1.4
.5
.3
1.8
1.8

6.0
15.0
6.5

3.0
11.0

Tables XVI and XVII were prepared to bring to tbe attention of

the reader more forcibly the articles most frequently bought and

those most generally supplied by the farm in the different sections,

and to point out more graphically the regional variations in these

conditions.
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Table XVI.

—

Percentage of articles offood bought (950 families).

Articles.

>
><

^ Oh
A

.6

3 |
o3

1
1-1 M

ft
-3

Coffee 100
100
100
100
100
100
100
100
100
100
100
100
26
100
100
100
43
21
39

100
100
100
100
100
100
100
100
100
100
100
100
100
100
100
100

'"25"

14
1

97

100
100
100
100
100
100
100
100
100
100
100
100
55
100
100
100
38
34
61
1

100

100
100
100
100
100
95
53
100
100

100
100
100
100
100
100
100
100
100

100
100
100
100
100
71

14
100
100

100
100
100
100
100
100
33
100
100

100
100
100
100
100
100
76
100
100

100
100
100
100
100
99
33
100
100

100
100
100
100
100
100
100
100
100
100
100
100
68
100
100
100

100
100
100
100
100
34
91
100
100

100
100
100

100
100
100

100
100

Tea... 100
Sugar 100 1 100

100
i

100
97 1 100

100
Salt. . 100
Flour 100
Com meal... 100

100
100

100
100
100
100
100
100
100
100
100
100

100
100

Other cereals 100
100

Rice. 100
100
100
100
100
100
100
15
68-

100
100
100
100
100
100

100
100
56
100
100
100

100
100
42
100
100
100

100
100
100
100
100
100

100
100
100
100
100
100

100
100
100
100
100
100

100
100
100
100
100
100

100
100

Sirups
Lemons
Oranges
Bananas

100
71

80
100

Pork
Beef
Poultry

22
92

1

78
1

48
18

100
6

50
10
52

2
49

7 8
35 35

39
97
1

Fish
BnttermilV . ,

100 100 100 100 100 100 100 100 100 100
1
100 100

12
8

31
84

1
1
1
9
80

Milk i . ^ 1

43
98
3
53
2

83
32
25

"64'

86
5
78

"ioo'

100

1

42
58

2 .....

77

5
40
100
2
70
26
100
100
77
8
9

5

17
52
100

1

100
2

100
6

16
36

Cheese
Eggs..

78 100 87
1

Honey -.

Apples
Peaches
Plnms .

100
17

100
95
92
70

50
24
75
6
5
8

12

14
17
43
50
3

30
10
8

100

12
6
1

10
16
6

46
100
100

63
36
50
20
10
28
17

34
20
96
5

71
35
15
9

15
34
40

"64'

33
9
47

100
95

100
47
100
58
53
100
100

69
33
30

Pears 100
100

13
Berries 18 : 32 30 74
Cherries 14

23
100

100
39

28
Grapes 100 1 87
Pineapples 1 100

\ 13
Potatoes, Irish.

.

1 2
100
24
1

94
29
8

'"2

1

2 7 4
5
2
7

21
13
27
20
14

1

.....

1

.....

1

2
2

.....

1

1

62
99
69
75
38
84
35
10

29
90
40
27
11

1

3

"36"

32
15

5
100
55
35
44
28
30
3

4
6

30

21
100
47
33
23
78
14

2
100
29
4
12
2

80
Potatoes, sweet 100
Beans 9

12
89
14
12
3
8

80
81

13
5

68
42
16
15
12
6
12

3

8
21
6

.....

49
Peas 56
Onions 78
Cabbage 68
Turnips.... 74
Beets 89
Cucumbers.. 3

32
40

6
2

48
Tomatoes .... 16

13
82
69

5
7

4
19

60
Sweet corn 3 2 1 33
Squash 60
Carrots .. .. '

1 1 !

4 1
26 50 84

1 1
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Table XVII.

—

Percentage of articles offood furnished hy farm {950 families).

Articles.

> i fin

d
12;

C3

d
S

S

03

1 M

M
03

P

CofEee
Cocoa
Tea
Sugar
Salt
Flour 5

47
29
86

1

67
66
9

3
Com meal 67 24 _

Oatmeal
Other cereals

Graham flour
Rice
Raisins

.......

Sirups 74 45 44 58 32
Lemons 29
Oranges 20
Bananas
Buctwheat 57

79
61
100

"75'

86
99
3

62
66
39
99

Pork 85
32
100

78
8

100

99
22
100

99
52
100

82

'ioo'

94
50
100

90
48
100

98
51
100

93
65
100

92
65
100

61
Beef 3
Poultry 99
Fish
Buttermilk 100 100 100
Cream 100

100
48

100
99
57

2
97
47
98
17

68
75
82
86
77

100
100
36
14
95
22

100

"eg'
68

"ei'

"99'

58
42
100
50
76
25
94
95
92
88
100

88
92
69
16

100
86
83
57

50
97
70
90
92

100
100
93
23
100
37
64
50
80
90
72
83
100

"95'

60

100
100
98

100
100
94
84

100
85
66
60

"se'
67
91
53

99
99
91
20

100

"'5'

"53'

"42'

47

Milk 100
99

ioo'

88
94
99

"m
100

100
100
22
100
90
84
94
100
100
70

98
100

"ioo'

54

83
Butter 64
Cheese 13
Eses 100 98

30
74

"23'

92
91
95

100
66
80
4

95
29
65
85
91

99
31

83 67
Peaches 70
Plums 5

8
30

100
87
26

Cherries 72
Grapes 100 13
Pineapples
Prunes 87
Potatoes, Irish 99 98 98 93 96

95
98
93
79
87

73
80
86
100
98

99
100
94
99
100

99
100
100
100
100

99

99
98
98
100
99
99
99
100

38
1

31

25
62
16

65
90

71
10
60
73
89
99
100
100
100
95
93

97 95 79 98 20
Potatoes, sweet

91
88
11

86
88
97
92
20
19
100
100

76
99
6

71

92
100
100
98
99
100

87
95
32
58
84
85
88
94
88
100
100

97
92
79
94
100
100
99
100
97

64
68
85
100
100
100
100
96
81

45
65
56
72
70
97
96
94
70

53
67
77
22
86
100
97
68
60

71
96
88
98
100
100
94
98
100
100
100
50

51
Peas 44
Onions 22

32
Turnips 26
Beets 11

52
84
87

18

31

40
Sweet com 67
Squash 40
Carrots 100
Melons 96 100 100 74 100 16

A general resume of the average quantities of eacli article of food

consumed per person and per family for all the families visited is given

in Table XVIII. There is considerable difference between the diets

of the families in the Southern States and those in the Northern and

Western States. The southern families, for instance, use large quan-

tities of buttermilk and sweet potatoes and relatively less of whole

milk and Irish potatoes. This table, therefore, is divided iijto 2

groups, separating the averages of the families in the 3 Southern

and those in the 11 Northern and Western States. It shows the

relative importance of each item of food in the average family's

annual total food consumption; the per cent bought and that fur-

nished by the farm is also shown for each article of food.
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Table XVIII.

—

Average annual consumption of various articles offood {950 families).

Articles and units.

Average of 150 families visited in
three Southern States.

Quantities con-
sumed.

Per
person.

Per
family.

Percentage of
total.

Bought.
Fur-

nished
by farm.

Average of 800 families visited in 11
Northern and Western States.

Quantities con-
sumed.

Per
person.

Per
family.

Percentage of
total.

Bought.
Fur-

nished
by farm.

Groceries:
Bananas dozen..
Bread bought...pounds.

.

Buckwheat do
Cocoa do
CoCee do
Corn meal do
Flour do
Graham flour do
Lemons dozen.

.

Oatmeal pounds .

.

Other cereals do
Oranges dozen..
Raisins pounds.

.

JRice do
Salt do....
Sirups gallons.

,

Sugar pounds.

.

Tea do...
Meat products:

Beef do
Fish do...
Lard bought do
Pork do...

Poultry produc ts:

Poultry do
Eggs dozen.

,

Dairy products:
Butter pounds.

.

Buttermilk quarts

.

Cheese pounds.

,

Cream quarts.

,

Milk do...
Honey pounds

.

Fruits:
Apples bushels.
Berries quarts.
Cherries do
Grapes pounds.
Peaches do
Pears do
Pineapples number.
Plums pounds-

Vegetables:
Beans pecks.
Beets do
Cabbage heads.
Carrots pecks.
Cucumbers do . .

.

Melons number.
Onions pecks.
Peas do
Potatoes, Irish..bushels.
Potatoes, sweet .pounds.
Squash do
Sweet corn dozen.
Tomatoes pecks.
Turnips do...

1.3
4.5

6.5
23.9

.3

7.7
97.9

250.3

1.7
39.0

502.1
1,253.4

.5

3.8
.8

.6
3.2
5.7
4.4
3.0
60.3

.3

16.1
1.5
2.9

132.1

58.0
30.8

45.6
388.6

1.0

2.6
20.0
3.9
3.3
16.7
28.9
22.5
15.6

305.5
1.4

83.8
7.6

15.3
672.9

296.8
157.2

233.1
1,984.1

5.3

1.8
15.4

331.1
9.3

8.7
72.7

5.7
90.4
15.3

25.5
457.7
73.3

4.0
.6

13.3

20.2
2.9
64.5

.1

11.7
1.7
1.5
2.0

195.6

.5

58.7
8.3
7.8

10.2
994.7

7.1

4.4
4.3

35.0
21.9
22.8

100
100

100
100
41

90

100
100
100
100
100
100
100
66
100
100

75
100
100

7

93

34

93

100
100

100
100

7

67

100

74

97
71

100
100
87
62
79
66

3.0
41.6
4.9
1.1

8.2
10.9

195.1
2.0
1.4
15.4

5.2
2.0
5.4
4.6
12.5
1.8

86.8
1.5

59.5
10.8
5.5

114.3

45.4
33.6

.30.6

3.9
6.6

196.9
1.3

3.0
10.6
7.4
5.9
21.8
11.2
1.1

5.4

2.7
.7

11.1
.2

1.2
6.5
1.2
1.2
7.1

22.0
3.8
5.5
3.7
1.6

13.8
194.8
21.1
5.7

38.4
50.4
913.2
10.2
6.4
69.7
23.8
9.3
24.8
21.8
60.4
8.2

402.5
7.4

283.9
51.7
26.2

536.8

207.1
156.8

143.4

100
100
56
100

44

100
89
93
100

11

7

97
100

3

100
98
100

2

100
100
86
100

14

100

54
100

46

100
17 83

100

18.5
32.6

917.5
6.0

13.7
48.4
33.5
27.3
103.2
54.7
5.2

26.8

12.4
3.5
51.4

.9

5.6
30.6
5.8
5.4

33.5
103.2
17.7
26.2
21.3
7.1

81
2
3
59

28
36
27
38
74

45
100
46

28
12
26

54

72
88
74

100
91
67
57
80
86
15

82

RELATIVE CONSUMPTION OF FOOD BY FAMILIES ON OWNED AND RENTED FARMS.

For all areas where the niunber of tenants was sufficient to

warrant the division, the famihes were divided into two groups,

those 'living on their owm farms and those renting farms. Table

XIX shows figures for these divisions, givuig the average size of
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family, the average consumption of food per person, and the per-

centage of the food bought and furnished by the farm. There seems

to be a shght tendency for the owner famihes to be larger than the

tenant families, though it is not sufficiently marked to warrant fur-

ther mention of it, the average of the 601 owner families visited being

4.8 persons and that of the tenant families 4.7 persons.

The difference between the two groups in the consumption of food

per person is more pronounced. With the exception of the Maine

and Iowa areas, the owner famihes use more food per person than

the famihes renting farms. The average consumption per person of

all the famihes living on their own farms is $100.60 and that of the

tenant famihes is $90.57, a difference of $10 per person and $48 per

family. The reason for this difference is probably, in part, that the

owner famihes are as a class better off than the tenant families.

The tenants seem to buy a slightly greater proportion of their food

than do the owners. This fact does not hold true in aU the areas,

but the average for the 11 areas studied shows that the owner fami-

hes buy 40 per cent of the food they use and the tenants about 43

per cent. This shght variation may not have any significance, but

it is probably true that for a series of years the fruit trees and gardens

on the average tenant farm do not receive the attention they do on

the farms operated by owners. The tenant's first care is his rent,

and he may devote more time to his crops and live stock than to the

farm food products for family use.

Table XIX.

—

Comparison offood used on ownea and on rented farms, showing part
bought and partfurnished by thefarm.

County and State. Tenure.
Number
of fami-

lies.

Average
size of

family.

Total
consump'
tion per
person.

Percentage of total

food-

Bought.
Fur-

nished by
farm.

Oxford, Me

Otsego, N.Y

Gloucester, N. J—
Gaston, N.C

Troup, Ga

McLennan, Tex

Champaign, Ohio.

.

Montgomery, Iowa.

Cloud, Kaas

Cass, N. Dak

Santa Clara, Cal

Allfamilies.

!0\vners

.

Tenants.
O^vners

.

Tenants.
rOwners.
\Tenants.
/Owners,
tTenants.
Owners

.

Tenants.
Owners

.

Tenants.
Owners.
Tenants.
Owners

.

Tenants.
Owners.
Tenants.
/Owners.
I Tenants.
/Owners.
(Tenants.

/Owners.
ITenants.

139
9

45
10

94
32
44
11

30
14

21

23
25
19

32
14
29
17

71

38
65
19

601
206

4.5
3.0
4.0
4.0
4.4
5.5
4.4
4.9
5.7
4.9
5.7
5.4
4.0
4.2
4.5
3.5
4.4
4.7
0.5
5.7
4.9
5.1

594. 72
97.87
93.95
93.24

122. 50
73.13
93.80
71.81
89.82
84.22
93.88
83. 70
92.39
90. 93

102. 71

111.30
103. 73
92.90

109. 85
101.08
103. 27
95.97

4.8
4.7

100.60
90.57

52.6
62.2
49.2
49.8
51.9
55.4
10.3
24.3
20.6
25.2
43.6
43.7
33.0
34.2
32.2
35.4
35.5
34.1
41.5
43.4
04.7
04.8

40.1
42.9

47.4
37.8
50.8
50.2
48.1
44.6
83.7
75.7
79.4
74.8
56.4
50.3
67.0
65.8
67.8
64.6
64.5
65.9
68.5
56.6
35.3
35.2

59.9
57.1
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CANNING ON THE FAKM.

Canning is an important means of preserving and storing fruits and

vegetables on the farm for future use. The average number of quart

cans ''put up" per family for the farms visited (Table XX) was 122

of fruit and 32 of vegetables, making a total of 154 quart cans. The
most cannuig was done in the New Jersey area, the average family

here "putting up " 172 quarts of fruit and 58 quarts of vegetables, or a

total of 230 quart cans.

Not many vegetables are canned on the farm. The most common
vegetable used for this purpose is the tomato. Canned peas and corn

used on the farm table are usually bought. This is probably due to

the fact that efficient canning methods for handling vegetables are not

known to many housekeepers.

The most common fruits used for home canning are peaches and
berries. Many farmers buy peaches for canning purposes, but

peaches are not generally bought for immediate use unless the price

happens to be unusually low. An increase in the variety and quan-

tity of home-grown fruit would greatly increase the consumption of

fresh fruit on the farm and encourage canning for winter consumption.

A knowledge of better methods of caiming, insuring better keeping

quaUties and greater ease of performing the work, would no doubt

increase canning on the farm to good advantage, particularly in the

case of vegetables. Housekeepers generally realize that it is cheaper

to can home-grown products than it is to buy them and also insures

better quality, but with the old method the many hours of extra labor

before a hot stove is a big discouraging factor.

Table XX.

—

Average number of quart cans "put up" on the farm.

Fruit. Vegetables. Total.

County and State.
Per

family.
Per

person.
Per Per

family. person.
Per

family.
Per

person.

172
62

105
149

37
14
17

30

58
21

28
20

12

5

5
4

230
83
133
169

49
19

Cass N DaTj 22
34

122 24 32 6 154 31

STORAGE OF FOOD ON THE FARM.

The farm is not only a source of food products, but it also serves

as an ample place of storage. It is not possible to have fresh vege-

tables and fruits on hand every day, as it is eggs and milk. In order,

then, to have vegetables and fruits from the farm at times other than

the short period during which they are in season, some means of

storage is necessary. Cellars, caves, pits, and basements in bams
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serve as storage places for vegetables and fruits. Probably as mucb
as 30 per cent of the vegetables furnished by the farm are stored for

later use by the farm family, and potatoes, the most important

vegetable, are stored for at least nine months of the year in sections

other than the South. Apples may easily be stored for six months.

Sweet potatoes, cabbages, white beans, beets, and onions may be

stored for some time without any special preparation. Some vege-

tables and fruits are dried and kept in this form. Many families store

their fruits and vegetables and find it unnecessary to buy at any time

of the year.

About 30 per cent of the meat consumed by the farmers is meat
that is supplied by the farm and stored for a certain length of time.

This is made possible by the several available methods of curing.

The most common method of curing meat is smoking. A special

room or building is needed for this process, but the fuel used is

generally wood of little value. There seems to be a tendency to do

less curing of meat on the farm, owing probably to efforts to ehmi-

nate house labor.

A scheme for having a farm supply of fresh meat during the sum-

mer months is practiced in certain communities, A "beef club" is

organized among a dozen or more farmers who trade beef. A mem-
ber will butcher a beef animal, and it will be distributed equally

among the members. The other members will take turns in sup-

plying an animal in other weeks. When a difference in quantity

occurs between members it is equalized at a fair rate per pound.

They may have a butcher who gets the hide and tallow for his work.

By this system the farmers can have fresh beef during the summer
at farm prices.

FUEL.

The farm serves as an important source of fuel for the average

farm family. Fifty-four per cent (Table XXI) of the fuel used by
the families visited was supplied by the farm. The average value

of the fuel used per family was $55.14, This, however, does not

include kerosene used by occasional families for cooking during the

summer.

The average consumption of coal was 2.6 tons per family. In

the North Dakota area the average family used 3.7 tons of hard coal

and 3,1 tons of soft coal. In addition to the wood and coal used,

as indicated in Table XXI, the average family in the Kansas area

used 12 loads of corncobs, and in the Iowa area 7.8 loads.
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Table XXI.

—

Average annual consumption offuel and oil perfamily; percentage offuel
bought andfurnished byfarm (950 families).

Coal. "Wood. Total fuel. Oil.

Location of regions in whicli
study was made (coimty
and State). Tons. Value. Cords. Value. Value. Bought.

Fur-
nished

farm.

Gal-
Ions.

Value.

Oxford, Me 0.9
.1

2.5
4.9
4.7

S6.39
1.01

16.00
26.90
30.69

13.5
14.3
12.3
6.2
5.6
14.0
17.8
6.1
12.0
7.5
4.8
4.9
5.6
7.4

846.40
65.40
54.80
19.00
20.91
43.58
51.60
19.30
32.50
38.80
22.40
12.20
38.75
42.58

$52.79
66.41
70.80
45.90
51.60
43.58
51.60
36.65
56.20
59.50

159.77
2 31.00
100.75
45.42

Per ct.

74
4

24
61

70
4

89"

46
40
49
42
83
56

Per ct.

26
96
76
39
30
96
100
11

54
60
51

58
17

44

63.0
39.0
66.6
63.0
92.0
22.0
34.5
55.4
50.0
46.7
56.0
81.4
61.3
53.0

$7.56
Lamoille, Vt 4.61

Otsego, N.Y 5.79

Bucks, Pa 6.37
Gloucester, N. J 9.20
Gaston, N.C 3.10
Troup, Ga 5.18
MnT.p.nnaTij Tot 2.0

5.7
3.0
3.9
1.4

3 6.8
.3

17.35
23.70
20.70
29.57
12.70
62.00
2.84

7.58
Champaign, OMo 4.88
Jefferson, Wis 5.78
Montgomery, Iowa 6.92
Cloud, Kans 7.21
Cass, N. Dak 7.97
Santa Clara, Cal 6.36

Average, all families. .

.

2.6 17.85 9.4 36.30 55.14 46 54 55.3 6.33

1 Includes S7.80 worth of cobs.
2 Includes S6.10 worth of cobs.
3 3.7 tons hard coal and 3.1 tons soft coal.

The consumption of wood per family and per person is shown
in Table XXII. The average quafitity of wood used per family is

9.4 cords. The farm supphed, on an average, 8.2 cords and 1.2

cords were bought. The farm thus furnishes 87 per cent of the

wood used for the famihes visited. The farm wood lot, the orchard,

and scattered trees on the farm furnish the wood for the wood stove.

Table XXII.

—

Annual consumption of wood per family and per person {950 families).

Location of regions ia which study was made (county and
State).

Consumption per family.

Bought.
Fur-

nished by
farm

Con-
sumption

per
. person.

Oxford, Me
Lamoille, Vt
Otsego,N. Y
Bucks, Pa
Gloucester, N. J
Gaston, N.C
Troup, Ga
McLennan, Tex
Champaign, Ohio
Jefferson, Wis
Montgomer J', Iowa
Cloud, Kans
Cass, N. Dak
Santa Clara, Cal

Average, aU families

Cords
13.

14.

12.

6.

5.

14.

Cords
0.

17.8
6.1 4.8

1

12.0 .7
7.5 .6
4.8
4.9 .1

5.6 3.1
7.4 3.9

Cords.

12.

13.

12.

5.

4.

13.

17.

1.

11.

6.

4.

4.

2.

3.

Cords.
3.0
3.0
3.1
1.2
1.2
3.1
3.3
1.1
2.9
1.1
1.7
1.1

.9
1.5

1.2 2.0
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Kerosene oil is used both for lighting and cooking. Some gasoline

was used for cooking but very httle for lighting purposes. Of the 127

famihes visited in New Jersey, 78 used kerosene or gasoline stoves for

cooking, 9 used acetylene gas and 4 electricity for lighting. In the

Maine area 42 of the 148 families visited used kerosene stoves for

cooking and kerosene was used exclusively for hghting. In North

Dakota 54 of the 109 families used kerosene or gasoline for cooking,

and for Hghting 2 used acetylene and 1 used electricity. In Cali-

fornia, of the 84 famihes interviewed, 30 used kerosene or gasohne

stoves for cooking, and for lighting 8 used electricity and 2 used

acetylene gas. We can thus see that nearly half of these farmers do

some cooking with kerosene and gasoline, but that practically aU of

them use kerosene lamps for lighting,

USE OF HOUSE ON THE FARM.

The business of most farms demands almost constant attention

throughout the year and it is therefore to the advantage of the farmer

to make his home on the farm. A house is thus a necessary improve-

ment on a farm, and is often an important part of its real estate value.

Investigations made by the United States Department of Agriculture

indicate that in the eastern part of the United States the value of

the house is commonly 20 per cent or more of the value of the farm.

On the higher-priced corn-belt farms this percentage is more generally

from 5 to 10 per cent. Improvements to the house tend to enhance

the value of the farm. The interest on the investment in the house

and the cost of maintenance of it are paid for by the farm business,

and are not personal expenses to the farmer. He may he said to

have his house rent furnished free by the farm.

An attempt is made to arrive at a value of what the use of the house

is worth to the farmer. The value of the house seems the only basis

upon which the rental value can be determined.

Table XXIII shows the average value of the farmhouse and its

rental value for the sections studied. The present value is the

farmer's estimate of what his house is worth to-day. The average

value of the farmhouses for the 825 farmers giving estimates was
SI,322. This value, however, varies from $560 in the North Carolina

area to $1,880 in the New York area.

The rental value of the house is taken as 10 per cent of its present

value. This is assumed to be a fair charge for interest, depreciation,

insurance, repairs, and taxes. Tlie average annual rental value of the

houses for these farnxs is thus $132.
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Table XXIIl.^Average total value and annual rental value offarm dwellings.

County and State.

Number
of farm
houses.

Average
size of
family.

Average
value of

house.

Average
rental
value of
house.

Oxford, Me
Lamoille, Vt
Otsego, N.Y
Bucks, Pa
Gloucester, N. J
Gaston, N. C
Troup, Ga
McLennan, Tex
Champaign, Ohio
Jefferson, wis
Montgomery, Iowa
Cloud, Kans
Cass, N. Dak
Santa Clara, Cal

Average, aU houses

146
31
28
22
126
51
40
42
34
40
37
36
109
83

4.5
4.7
4.0
4.9
4.7
4.5
5.4
5.3
4.1
4.2
4.2
4.7
6.2
4.9

SI, 112
930

1,880
1,632
1,600
560
920
834

1,724
1,297
1,580
1,160
1,754
1,528

1,322

Sill
93
188
163
160
56
92
83
172
130
158
116
175
153

132

THE SIZE OF THE HOUSE.

Table XXIV points out some interesting facts. The tabulation

has been made by size of houses expressed in number of rooms. It

will be seen that in aU States the average size of family on farms

having houses of from 8 to 9 rooms is markedly larger than on those

having houses of 7 rooms or less. There is no consistent relationship

between these two groups of families in the consumption of food or

fuel per person.

Families Uving in 8 and 9 room houses and those Hving in 10-room

houses show different relationships. Here the size of family is

practically constant, showing that the large houses are not needed

for the accommodation of more people. The quantity of food con-

sumed per person on these farms increases directly with the size of

house, and there is a tendency, though not very marked, for the

greater consumption of fuel in the larger houses.

These facts would indicate that farmers hving in the largest houses,

and who also are the highest consumers of food and fuel, have better

farm incomes and probably hve on the farms of most efficient size.

Studies conducted by the United States Department of Agriculture

indicate that on the farm the amount of money invested in the house

is in direct proportion to the income up to a certain point.
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Table XXIV.

—

Relation of size of house to size offarm, size offamily, food consumption
per person, and value of house.

County and State.

Gloucester, N. J.

Oxford, Me

.

(7 and less . .

.

8and9
[lO and over

.

|7 and less..

.

•^8and9 ,

llOand over.

(7 and less...
{8and9
[10 and over

.

(5 and less..

.

Santa Clara, Cal 76 and 7
1 8 and over .

.

Cass, N. Dale.

Size of house
(rooms).

Average
Persons

Consump-
Number size of tion of

of farms. farm
(acres).

family.
food per
perscn.

32 38 3.7 $152.52
48 67 4.6 118.41
46 92 5.4 120. 83
50 84 3.9 88.28
48 109 4.8 92.30
48 148 4.7 102. 80
56 333 5.5 103.51
27 458 6.9 101. 70
26 706 6.9 118. 70
25 48 4.1 91.24
33 39 5.3 98.40
25 52 5.4 113.71

Average
value of

house.

1, 591

2,237
642

1,091
1,624
998

2,240
2,900

738
1,516
2,335

HOUSEHOLD LABOR.

The subject of household labor is included in this study, as it has

an important bearing on the business operations of the farm. Con-

ditions are generally such that the hired help have to board with

the farm family. The housewife often cares for the family garden,

does the laundry work for the household, and at times churns the

butter. In doing so, she is contributing to the success of the farm,

and is performing productive labor for that farm.

On the farms studied in this inqmry comparatively little help was
hired for doing housework, most of the work being done by the

farmer's wife and other members of the family. More than three-

fourths of the famiUes visited did not hire any labor for housework.

Table XXV shows the average value of the house labor per family

and per person for each section and the proportion of this, hired. It

wiU be noticed that on an average 5 per cent of the labor was hired,

this per cent varying from 1 to 15.

The average value of the house labor for aU families visited was

S228 per family and $49 per person. This value was determined by
securing the wife's estimate of what she woidd have to pay a house-

keeper to do the work for her. These estimates were based on the

prevailing wages of domestic help in each region.

One of the serious diflB-Culties confronting the farmer's wife is the

labor problem. Domestic help is hard to get and often inefhcient

when secured. Along with this problem goes that of boarding the

hired man. The average hired man demands more meat and a

greater variety of diet than the wife would go to the trouble of pre-

paring as a regular thing if the family alone were to be served. A
tenant house on the large farm, permitting the hiring of married help,

would tend to solve the house labor problem.
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Table XXV.— Value of household labor per family and per person; percentage of labor
hired (950 families).

County and State.

Value of labor.

Per
family,

Per
person.

Percent-

of labor
hired.

Oxford, Me
Lamoille, Vt
Otsego, N.Y
Bucks, Pa
Gloucester, N. J
Gaston, N. C
Troup, Ga
McLennan, Tex
Champaign^ Ohio
Jefferson, Wis
Montgomery, Iowa
Cloud, Lans
Ca-ss, N. Dat
Santa Clara, Cal

Average, all families

S238
182
221
214
294
152
138
217
197
177
270
261

334
293

S53
38
56
41
63
34
25
41
49
54
64
58
54
60

VALUE OF BOARD ON THE FARM.

A general indicatioii of the value of board on the farm may be

gained from the data given on the previous pages, showing also what
proportion of this cost may be credited to the farm and what propor-

tion is paid out in cash. This should be of help in determining the

real wages of hired help boarded on the farm when given a definite

cash wage and board.

The main items entering into this cost are food, fuel, and house-

hold labor. AU food consumed must be charged to board. Some of

the fuel is used for general heating purposes ; therefore, total fuel cost

can not justly be included in board charges. Probably two-fifths of

the fuel consumed may be said to be used for the preparation of meals

or kitchen stove purposes. Household labor is included as a factor

in the cost of meals because it plays a very vital part in the prepara-

tion of meals and is too generally unappreciated when the matter of

boarding hired help is being considered. Two-thirds of the value of

household labor seems to be a fair proportion to charge to the cost of

board.

Table XX^rC shows the cost of food, fuel, and house labor per

person chargeable to the cost of board. It will be noticed that food

constitutes nearly three-fourths of the cost of board, labor nearly

one-fourth, and fuel about 3 per cent. The total cost of board per

person varies from $9 to $13 per month. The variation in the cost

of board, of course is dependent largely on the cost of the food

consumed.
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Table XXVI.—Average annual value of food, fuel, and household labor per person
chargeable to the cost of board on the farm {950 families).

Location of regions in which study was
made (county and State).

Average value per person.

Food. Fuel.
House
labor.

Total cost of board
per person.

Annual. Monthly,

Percent-
age paid
out in
cash.

Oxford, Me
LamoUle, Vt
Otsego, N.Y
Bucts, Pa
Gloucester, N. J
Gaston, N. C
Troup, Ga
McLennan, Tex
Champaign, Ohio
Jefferson, Wis
Montgomery, Iowa
Cloud, Kans
Cass,N. Dak
Santa Clara, Cal

Average, all families

$95
75
94
75

120

92
91
80

106
100
107
103

$32
23
34
25
38
20
15
25
29
32
38
35
32
36

$132
104
135
104
162
113
108
120
125
117
150
138
145
142

$11. 00
8.67

11.25
8.67

13.50
9.41
9.00
10.00
10.42
9.75
12.50
11.50
12.08
11.83

30 129 10.68

A very interesting fact brought out in Table XXVI is the propor-

tion of the cost of board actually paid out in cash. This percentage

varies from 15 to 49. The proportion is about one-third in the eastern

sections studied, about one-fourth in the corn-belt States areas, and

still less in the southern areas. This amount paid out is the fact which

most vitally interests the farmer.

Interesting facts are brought out in this connection relative to total

hired help boarded. For example, in New Jersey hired help averaged

0.6 person per family; in Maine, 0.4; in North Dakota, 1.1; and in

California 0.3. In other words, in New Jersey the average family

boarded 1 man for 7 months ; in Maine, 1 man for 5 months ; in North

Dakota, 1 man for 13 months; and in CaHfomia 1 man for 4 months.

I
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The facts on which, this discussion is based were collected in the

summer of 1914 in a truck-farming area in southwestern New Jersey.

The purpose of the study was to make a comparative analysis of the

methods of renting in vogue in such an area, to find the sources and
amounts of the expenses and income, how they were divided between
landlord and tenant, and what kind and how much capital was
furnished by each party to the contract. Tenants to the number of

246 were visited on their farms and inquiries made of them concerning

methods of renting, capital employed, crops grown, and the receipts

and expenses for the crop year 1913. The records secured are

representative of the section, and include a number of farms mider
each system of renting for each of two types of truck farming, early

and late. On many of these farms dairying is combined with trucking.

RESULTS.

It was found that the method of renting in most common use is

the haK-sharo system, under which the tenant furnishes labor, teams,

st^jck, and tools, and gives as r(!nt half the grain and half of the

returns from truck and other crops sold, but none of the receipts

from livfj stock. In th(> case of i\w larger and more desirable truck

and dairy farms the landlord gets half of the returns from the dairy,

in addition to half of the returns from all sales of crops. A few farms
are r(^nted for cash and occasionally oru^ for a sliare other than half.

53«>e°—Bull. 411—10—
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Following is a brief summarj of the more significant averages,

brought out by this study:

Averages for 186 farms let for half share of crops:

Labor income of tenant, ^ |323.

Landlord's interest on investment, 6.8 per cent (equivalent to a cash rent of

17.11 per acre).

Averages for 12 farms let for half share of crops and of returns from dairy:

Labor income of tenant, §715.

Landlord's interest on investment, 7.7 per cent (equivalent to a cash rent of

18.95 per acre).

Averages for 35 farms let for cash rent:

Labor income of tenant, $206.

Landlord's interest on investment, 3.7 per cent (equivalent to a cash rent of

$4.32 per acre).

It was found that the labor income of the tenant and the per cent

received by the landlord on his investment are subject to greater

variations on farms raising early truck than on farms raising late

truck.

A majority of the farmers visited considered the returns of the

year of the survey (1913) as somewhat bolow normal.

LOCATION AND DESCRIPTION OF THE AREA.

The farms from which records were secured are in Gloucester, Salem,

and Cumberland Counties, within the area between the Delaware

River on the west and north and a line on the east drawn north

and south from Woodbury to Bridgeton. The soil^ of the northern

portion of this area is chiefly of a type known as Sassafras sand, a

rather loose sandy soil well adapted to the early-maturing truck crops

that are grown on it. In the southern portion of the area the prin-

cipal soil is Sassafras silt loam, a weU-drained, friable loam. The
farms in this southern section are of a general type, combining the

production of market milk and the crops necessary to feed the stock

with wheat and such crops as tomatoes for the cannery and early

white potatoes. Marsh meadows, some of which have been reclaimed

from the tides, form a part of many farms. These meadows afford

pasturago, as weU as large quantities of marsh-grass hay for forage

and bedding purposes.

The West Jersey & Seashore Raiboad serves the area with three

branches which radiate from Woodbury, a city of 4,600, located in the

northeastern corner of the area and 9.6 miles south of Philadelphia.

There are frequent stops and sidings on these branches, and most of

1 Labor income—that which the farmer has loft as wages for his year's work after a fair rate of interest

on the money he has invested in his farm enterprise has been deducted from his net returns.

2 J. A. Bonsteel and F. W. Taylor, Soil Survey of the Salem Area, New Jersey, Field Operations of the

Bureau of Soils for 1901, U. S. Department of Agriculture. J. A. Bonsteel, Soils of the Sassafras Series,

U . fa. Department of Agricultxu-e Bulletin 159.
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the truck and milk produced finds its outlet over these lines, al-

though a few farmers near Philadelphia haul a part or all of their

truck to that market by wagon, and some truck is transported by
water. The Delaware River and its small tidal tributaries are used

by scows and barges to transport stable manure from Philadelphia

and other cities along the Delaware River to wharves in the early-

trucking section and also to carry to the canneries in Baltimore that

part of the tomato crop which the farmers do not find it profitable

to crate. In this way the cost of manure is lessened and the early-

truck farms are afforded an outlet for their surplus tomatoes, which

might otherwise be lost, as but few farms on the hght-soil type are

located within short hauling distance of a cannery, while most of them
are within easy reach of a landmg. New York manure shipped in by
rail is more expensive than Philadelphia manure, but it is used in

large quantities by farmers located on the light soil and at a consid-

erable distance from a wharf. The range in price paid for stable

manure was from $1.45 to $2.45 a ton, the cost depending upon the

kind, quantity, and time and conditions of purchase.

The dairy products are marketed in Philadelphia and also in At-

lantic City and other seaside resorts, the milk from many farms which

ship to Philadelphia in the winter being diverted to the seaside mar-

kets in the summer months.

RELATION OF PROFITS IN 1913 TO A NORMAL YEAR.

The profits of the crop year 1913 were less than normal, as indi-

cated by estimates made by 167 tenants which are given in Table I.

Table I.

—

Relction of profits in 1913 to a normal year.

Total
number.

Per cent who considered prof-
its in 1913 as being

—

Above
normal.

Normal. Below
normal.

All farms reporting
Early-truck farms.

.

Latfc-truck farms.

.

167
86
81

Among the reasons given for the incomes running below normal

were late frosts, which destroyed many of the first settings of tomato

plants, drought, small yields, and low prices.

classifk;ation of farms.

The 246 farm records have b(!en divided into two groups, designated

the "early" and the "late" tnick farms. This division is made
because of the differences in the type of farming on the Sassafras

sand as compared with the Sassafras silt loam. The early-truck
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farms include 112 farms from which the sales of late tomatoes and

white potatoes were exceeded by the sales of other truck crops. The
late-truck farms include the 134 farms from which the sales of late

tomatoes and white potatoes exceeded the sales of other truck crops.

This method of separation places almost all the farms on the light

soils among those classed as early-truck farms and almost all those

on the heavier soils among the late-truck farms.

The most common method of letting land to tenants was found to

be for half of the crops. Of 246 farms, 186 were let for half of the

crops, 12 for half of the crops and half of the milk, 13 for a share

other than half, and 35 for a cash rental. In Table II the farms are

classified according to the type of farming and the method of renting.

Table II.

—

Classification offarms according to type offarming and method ofrenting.

Method of renting.

Numt^r of farms.

Early-
truck.

Late-
truck.

Half share of crops
Half share of crops and of milk

.

Share other than half
Cash rental

12
4
22

All farms. 134

ACREAGES AND VALUES OF CROPS.

Among both cash and share rented farms the average farm is

larger and the average acreage in such general crops as com, wheat,

and hay is larger on the late-truck farms than on the early-truck

farms. These crops are grown more generally on late-truck farms

than on farms of the other type. Tomatoes are grown almost uni-

versally on farms of both types, although marketed differently on
each. White potatoes are grown on haK of the early-truck farms

and in larger acreages on almost all the late-truck farms. Sweet

potatoes are raised on but few farms of the latter type, but almost

universally on the early-truck farms. On farms growing early truck,

the more important truck crops, in addition to tomatoes, sweet

potatoes, and white potatoes, are peppers, watermelons, cantaloupes,

asparagus, eggplants, and strawberries. In Table III is shown the

distribution and value of the more important crops, classified by
type of tenure and type of farming.
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Table III.—Distribution aiid value of crops, classified by type of tenure and type of
farming.

Kind of truck grown.

Method of renting.

HaK of crops.

Early
truck.

Late
truck.

Half of

crops
and of

milk.

Late
truck.i

Share
other
than
half.

Early
and
late

truck.

Cash rent.

Early
truck.

Late
truck.

Number of farms
Average acres per farm
Average acres in crops

Per cent of crop acreage in truck crops
Average acres in

—

Field corn
Wheat
Tame hay
Marsh hay
Tomatoes
White potatoes
Sweet potatoes
All other truck
Pasture

Number of farms growing nontruck crops.
Farms growing com
Farms growing wheat
Farms growing tame hay
Farms growing marsh hay

Number of farms growing truck crops
Farms growing tomatoes
Farms growing white potatoes
Farms growing sweet potatoes

Value of all crops per farm
Value of nontruck crops per farm
Val ue of nontruck crops per acre
Value of truck crops per acre

90
97
60

51.7

11
1

10
7
12
4
12
4
8
87
82
7

77
45
90
89
45
83

96
112
76

28.3

21
7

16
9

6
15

12
156
99

23.1

31
12
30
3
4
18

13
91
61

43.1

14
2
14
5
8
7
9
2
5
12
12
3
12
4
13
11

9

9

22
72
40

52.4

10
1
5
3
7
2
7
5
7
19
18
1

11
7
22
22
10
19

13
87
53

28.4

15
6
14
4
3
12

S3, 646
635
22
96

S2,991
1,419

26
73

S4, 145
2,392

31
75

$3, 208 ,168
403
21

,978
971
26
66

1 One farm had no truck crops in 1913, but is included here for the reason that it usually grows such crops
and is organized on that basis.

The value of truck crops per acre is greater on the early-truck

farms than on the late-truck farms, but the value of nontruck crops

per acre is greater on the late-truck farms. Of the two groups of

farms let for a haK share of the crops, on the early-truck farms the

value of the nontruck crops is 17 per cent of the value of all crops

and 47 per cent on the late-truck farms. The small production of

nontruck crops on the early-truck farms tends to limit the animals

that may profitably be kept in addition to the work stock. Manure
is even more essential to profitable farming on the early-truck farms

than on the late-truck farms, so that, while the latter with an average

of 12.1 cows per farm depend largely on manure produced on the

farm, the former with an average of 3.1 cows depend almost entirely

upon purchased stable manure.

EARLY-TRUCK FARMS LET FOR HALF OF THE CROPS.

The customary arrangement on those farms is for the tenant to

furnish all the work stock, productive stock, tools, machinery, and
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labor, while the landlord furnishes the use ol the land and buildings,

the commercial fertilizer and manure, and meets a part of some other

expenses. The landlord receives a half of the grain produced and a

half of the proceeds from sales of truck and other crops, but the tenant

has all the receipts from live stock and Hve-stock products.

The sales of truck crops are divided equally on all farms. Where
there was a field of asparagus the landlord in a few cases reserved this

crop, furnishing the labor for it and securing all of the income.

Field corn was grown by 82 of the 90 half-crop tenants. Most of

these tenants had a half of the com, several had two-thirds, and 18"

had all. On many farms the entire corn crop was insufiicient to feed

the few animals kept, so that the tenant seldom had any corn to sell.

The landlord's share, where a share is reserved as rent, was some-

times sold to the tenant. The straw, com fodder, and hay are kept

on the farm and utilized by the tenant, who is encouraged by the

landlord to make as much farm manure as possible. Not infre-

quently, when the hay or bedding produced on the place is insufficient

for the tenant's stock, more is bought for him by the landlord. Where
there is surplus hay to sell, as there was on eight farms, the proceeds

are divided equally. On six farms the landlord required, as part of

the rent, a share of the hay, but in only two cases as much as half

.

Of nontruck crops, including corn, com fodder, wheat, straw, hay,

and marsh hay, an average of $635 worth was produced on each farm,

of which only $148 worth was sold, the landlord selling $131 worth.

On the 90 farms growing early truck crops the use of large quan-

tities of manure is imperative, because of the fight, sandy nature of,

the soil,' which responds quickly to the appfication of manure, but

quite as quickly loses its fertifity. As but fittle five stock is kept on
these farms, most of the manure used must be purchased. Conuner-

cial fertifizer was purchased on all these farms, and stable manure on
aU but three. The landlord in every case paid all the cost of the

stable manure, which averaged $385 per farm on the 87 farms purchas-

ing manure. The landlord paid the cost of all commercial fertifizer

on 75 farms and a half or more on the other 15 farms.

It is often not practicable for the tenant to grow sufficient feed on
the farm to provide for the needs of the stock kept, because of the

necessity of devoting much of the small acreage to truck crops and
because of the fight nature of the soil and the resultant low yields of

field crops. Grain bought is paid for by the tenant, since he has all

of the income from stock. Hay or marsh grass for feeding, bedding,

or fitter purposes was purchased for their tenants by 41 landlords at

an average cost of $75.

In Table IV is shown the variation as to practice in the sharing of

the principal expenses. It will be seen that the landlord very fre-

quently pays more than half of the cost of purchased fertifity.
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Table IV.— Variation in practice as to sharing of expenses on 90 New Jersey early-truch

farrns rented for half of the crops.

__ Number of farms.

Items of expense. Having
no such

ex-
pense.

Method of sharing expense.

•

Land-
lord
all.

Half
and
half.

Tenant
all.

Other methods.

2

46
•30

47

2

1

Landlord furnished a part or all of the
roughage on 41 farms.

Seed potatoes (white)
12"

175

87

2

3

42
47
17Fertilizer Landlord furnishes all except half of

white potato fertilizer on 6 farms.
Tenant furnishes a little less than
half on 3 farms.

Manure 3

10 78

44
43

44
14

90
57

Tenant more than half on 1 farm and

Bastets (gathering) .

less than half on 1 farm.

28
2 farms.

Labor Landlord pays a part of the cost of

picking on 33 farms.
Eeal-e^ate taxes 81

90
9

A few minor exceptions.
i

1 On 1 farm the tenant furnished the potato fertilizer and the seed white potatoes and had the entire crop.

The expense for purchased seed was not large, except for the white

potato crop. A few tenants grew a part of their seed white potatoes,

but this is not a general practice. Tomato and melon seed, seed

sweet potatoes, and seed wheat and corn are customarily saved by
the tenant from the crops of the previous year. Where seed is

bought it is usual for the landlord to pay haK of the cost, but on
some farms the cost of grass seed is paid entirely by the landlord.

The tenant is expected to raise the necessary tomato, sweet potato,

pepper, melon, and other plants, and for the purpose of starting these

the farms are equipped with flue-heated hotbeds. The wood used

for fuel in these hotbeds is usually cut on the farm by the tenant,

although in some instances fuel must be bought, in which case the

tenant frequently pays half. Sash are used to cover such of these

beds as are used in starting tomatoes, while straw, marsh grass, and
cloth are commonly used to cover beds in which sweet potatoes are

started. The sash may or may not be owned in common by landlord

and tenant, but the landlord usually owns more than half. The
tenant ordinarily makes the minor repairs on the sash owned by the

landlord, but he is not expected to furnish the materials with which
to make such repairs.

The tenant furnishes all labor for ordinary farm work, but the land-

lord fr(!quent]y pays half of the cost of picking tomatoes for the

cannery, especially when the price received per basket has dropped

to 10 or 12 cents or less, but there would seem to be no definitely

established practice in this respecjt. Tomatoes are sold in crates as
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long as a fair price can be obtained, and the remainder of the crop is

sold for canning purposes. The price obtained for tomatoes sold to

the canneries sometimes drops so low that when the tenant hires his

picking done it becomes unprofitable for him to handle the crop for

half, unless the landlord pays a part of the cost of picking. The
price usually paid for picking cannery tomatoes is 1^ to 2 cents a

basket. More is paid for the picking of early tomatoes for city

markets, but this expense is paid entirely by the tenant.

The landlord pays a half of the cost of packages in which crops

are sold. The tenant frequently furnishes all of the baskets in which
crops are gathered and in which the tomatoes are carried to the

canneries.

The tenant meets the cost of tool and stock maintenance. On 81

of the 90 early-truck farms the landlord paid all of the real-estate tax,

and on the other farms the tenant paid half.

In Table V are summarized the average receipts and expenses of

the 90 early-truck farms.

Table V.

—

Landlord's and tenant's average receipts and expenses on 90 New Jersey
early-truck farms rentedfor half of the crops.

Landlord. Tenant.

Sources of receipts:

Nontruck crops sold
Tomatoes
Sweet potatoes
White potatoes
other sales of truck
Dairy products (3.3 cows)

.

Poultry and eggs
other income from stock.

.

other receipts

$131
727
536
63
184

$17
727
536
64

171
126
168
64
7

Total receipts

.

Items of expense:
Feed
Seed
Commercial fertilizer

Stable maniire
Packages
Spray material
Tool maintenance, estimated at 18 per cent on value
Sash maintenance, estimated at 10 per cent on value
Hired labor, board included
Family labor :

Real-estate tax
Maintenance of buildings, estimated at 4 per cent on value

.

other expenses

34

35
350
372
109

7

238-

33
23

117
8

121
8

704
162

4

Total expenses

.

Interest on landlord's capital
Labor income of tenant and interest on his capital ,,.,

Interest at 6 per cent on working capital i (landlord $535, tenant S2,398).

.

Labor income of tenant -

Interest on real estate (7.4 per cent on $6,909) ^

Equivalent cash rent per acre, 86. 88.^

542

"32"

'sio'

403
144
259

i Working capital.—The capital used to operate the farm, and consisting of work stock, productive stock,
tools and machinery, sash, feed and supplies, and cash necessary to meet current farm expenses.

2 Labor income of the tenant.—What he gets for his year's work "in addition to the use of a nouse and farm
food and fuel products. It is obtained by deducting from his receipts all his farm expenses, including the
cost of hired labor, the value of family labor employed on farm work, whether paid or vmpaid, and interest

and maintenance charges on his working capital.
3 Interest on real estate.—What the landlord gets for the year's use o' the farm (land and buildings). It is

obtained by deducting from his receipts all farm expenses met by him, including maintenance charges on
his working capital and farm buildings and interest on his working capital.

* Equivalent cash rent.—Consists of Interest on the real-estate investment, building maintenance, and all

real-estate taxes, whether paid by owner or tenant.
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Among any group of farms, taken without reference to merit, will

be found a few that are much more successful than the average.

The summary of a year's business on such a farm rented for half

the crops on which early-truck crops are grown is given in Table VI.

Table VI.

—

Summary of a year's business on a successful early-tntch farm let for half
of the crops.

Acres in faxm, 120; value of farm, S10,000; buildings alone, $3,000.
"Working capital fm-nished hy tenant, S3,225, consisting of stock (4 horses, 3 cows, 7 hogs, 40 hens), $1,125;
machinery and tools, SI,200: feed and supplies, S300; cash, S600.

Working capital furnished l)y landlord, $1,260, consisting of 280 sash, fertilizer, manure, packages, etc.

Acres in pasture, 8.

Acres in nontruck crops, 25 (com 15, hay 10); value of nontruck crops produced, $1,170; value of nontruck
crops per acre, $47.

Acres in truck crops, 48; sales, $8,900; sales per acre in truck crops, $185.

Landlord. Tenant

Sources of receipts:
Nontruck crops sold (landlord's haKcorn).
Early tomatoes (10 acres)
Second early tomatoes (11 acres)
Sweet potatoes (7 acres) . . . ; ,

Peppers (2 acres)
Eggplants (2 acres)
Cantaloupes (4 acres)
Citrons (4 acres)
Cucumbers (2 acres)
Asparagus (6 acres)
Income from stock (eggs and butter)

1,500
750
500
400
350
150
225
75

500

$1, 500
750
500
400
350
150
225
75

.500
28

Income from crops and stock. 4,810 4, 478

Items of expense:
Feed
Fuel for hotbeds, coal
Seed
Commercialfertilizers, 30 tons ,

Stable manure, 300 tons
Crates and hampers
Baskets
Spray material
Toormaintenance, estimated at 18 per cent on value
Sash maintenance, estimated at 10 per cent on value
Shoeing
Taxes and insurance on working capital
Special picking labor
Hired labor, board included
Family labor
Real-estate tax
Maintenance of buildings, estimated at 4 per cent on value

.

16
900
900
120

120
20
16

120
50
30

216

70

20
23
70

1,630

150
120

Total expense

.

2,362 2,315

Interest on landlord 's capital

Lahor income of tenant and interest on his capital

.

Six per cent interest on working capital
Interest on real estate, 23.7 per cent
Labor income of tenant

2,448

76
2,372

2, 163.

194

1,969.

Compared with the average of 90 early-truck farms let for half of

the crops, this farm had 1 7 more acres in truck crops, and its total

sales of truck were almost three times as much as the average, exceed-

ing the sales of the average farm by $5,893. The sales of truck crops.

per acre in truck amounted to $185, as compared with $96 on the

average farm. The value of nontruck crops per acre in such crops

was more than twice as much as on the average farm. A larger

variety of truck crops was gi-own on this farm than on the average

farm. The income from stoc;k was very small.

53686°—Bull. 411— Ifj 2
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The expense of the landlord for commercial fertilizer and stable

manure (.$1,800) for this farm was more than twice as great as on the

average farm (SY4o), and the labor employed other than that of the

tenant ($1,630) was about twice as much as on the average farm

(S884) . This'tenant had no family labor to assist him and had to hire

aU the work he did not do himself. The interest on real estate (23.7

per cent) was high, and the labor income of the tenant ($1,969),

while exceeded by that of a few tenants, was more than nine times

as great as that received by the average tenant of the group. The
landlord Hved close to the farm, and both he and the tenant were

capable, energetic men.

LATE-TRUCK FARMS LET FOR HALF OF THE CROPS.

On the late-truck farms, as on the early-truck farms let for half of

the crops, the tenant furnishes all of the work stock, productive stock,

tools, machinery, and labor, the landlord getting half of the sales of

truck crops and half of the other crops, but none of the receipts from
live stock and hve-stock products.

The sales of truck crops are divided equally on all farms. Of the

53' farms growing wheat the landlord, received half of the crop on aU

except one, on which farm he had the entire crop, as he had seeded

the wheat before the tenant came on the farm. Field com was grown
on aU of the 96 farms of this group, the landlord receiviag half of the

crop on aU of the farms except one, on which the tenant had the entire

crop. It is the practice for the tenant to feed all or most of the hay
on the farm. From 16 farms the tenant was required to haul a

part of the hay crop, in. most cases only a few tons, for the land-

lord's own use. Only two landlords required as a pa^rt of the rent as

much as one-half of all the hay produced on the farm. Of the 29

farms from which hay was sold the landlord received half of the

sales on 28, and on the other farm the tenant had all of the income

from hay sold that year, inasmuch as he had brought a quantity of

hay to the farm when his tenancy began. Most of the feedable crops

produced are used on the farm, but not so large a proportion as on
the early-truck farms let for a half of the crops. Of an average total

production of nontruck crops, valued at $1,419, there was sold $513

worth, of which $417 worth was sold by the landlord.

On these farms the systems of farniing and the soil are such that

the production of nontruck crops is much larger than on the farms

growing early truck. The question of purchased fertihty is also of

less importance, so that the landlord is not interested enough to

pay for hay or marsh grass which the tenant may find it necessary

to purchase. On seven farms the landlord contributed for the pur-

chase of roughage, consisting mostly of marsh grass, an average

amount of 819. All other expense for roughage as well as for con-

centrated feeds on these farms was paid by the tenant.
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In Table YII is sho^\T:i the variation as to practice in the sharing of

some of the more important expenses.

Table VII.— Variation in practice as to sharing of expenses on 96 Nexo Jersey late-truck

farms rentedfor half the a'ops.

''

Number of farms.

Items of expense. Having
no
such
ex-

pense.

Method of sharing expense.

Land-
lord all.

Half
and
half.

Tenant
all.

Other methods.

Feed and roughage 1

5

9

43

88

i'

Landlord furnishes all roughage on 7
farms.

i"

1

21

1

1

91
86
51

76

Tenant 40 per cent, 1 farm.
Tenant 33 per cent on 8 farms. Tenant
33 per cent in the row and 50 per cent
of other on 1 farm. Tenant 50 per
cent in the row only on 9 farms.
Tenant 16 per cent, 1 farm.

Fertilizer

Manure 75
6

8

42
63

46
24
96
94

1

Tenant 60 per cent, 1 farm.

Tool and stock maintenance

.

Labor Landlord pays a part of the cost of
picking, 2 farms.

20
96

69
Rliilding TTifiiTit.p.Tianpe A few minor exceptions.

Purchased stable manm^e was used on 21 farms at an average cost

of 8135, all of which was paid by the landlord. Commercial ferti-

lizer was bought on all 96 farms, but some variation was observed

in the sharing of its cost. On 76 farms each paid half of the cost

of all commercial fertilizer and on the other farms the landlord

paid more than half of the cost but on only one farm did he pay
the entire cost. On this farm a number of special truck crops were

grown.

The landlord, as a rule, paid half the cost of seed, which was
chiefly seed white potatoes, for, as on the early-truck farms, it is

not the general practice to grow seed potatoes. Tomato and grain

seeds are saved each year. The truck crops grown are not such as

require starting in hotbeds.

The tenant pays all cost of picking tomatoes for the cannery, which

is usually done by the regular help of the farm with but little of the

outside piecework that is employed on farms growing early truck.

Half of the tenants furnished all of the baskets used for picking and

gathering crops, while on almost all of the other farms the landlord

paid half of the cost of these baskets. It is unusual for truck crops

to be sole] in packages from these farms.

Of the 96 tenants, one paid all, 69 paid half, 6 paid less than half,

and the other 20 paid none c)f the real-estate tax.

In Table VIII are given the average amounts of the different items

of receipts and expenses on the 96 fanns in question.
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Table VIII.

—

Landlord's and tenant's average receipts and expenses on 96 late-truck

farms leasedfor half of the crops.

Landlord. Tenant.

Sources of receipts:
Nontruck crops sold
Tomatoes
White potatoes
Other truck crops
Poultry and eggs
Dairy products (10.9 cows)

.

Other income from stock. .

.

All other receipts

Total.

Items of expense:
Feed
Seed
Commercial fertilizer

Stable manure
Packages
Spray material
Tool maintenance (estimated at 18 per cent on value)
Hired labor, board included
Value of family labor
Real-estate tax
Maintenance of buildings (estimated at 4 per cent on value).
Other expenses

Total.

Interest on landlord's capital
Labor income of tenant and interest on his capital
Interest on working capital 6 per cent (landlord $216, tenant S3,256)

.

Labor income of tenant
Interest on real estate, 6.5 per cent on $9,568
Equivalent cash rent per acre, $7.29.

$417
199
575
11

1,204

1

113
247
30
4
7

570

634

13

"62i'

199
575
11

260
925
77
6

2,149

393
115
200

11

10
130
473
122
40

79

1,573

576
195
381

In Table IX is summarized tlie year's business on a late-truck

farm let for half of the crops. This farm, by comparison with, the

average of the 96 farms with which it is included in Table VIII, is

much more profitable to both landlord and tenant.

Table IX.

—

Summary of a year's business on a successful late-truck farm let for half of
the crops.

Acres in farm, 115; value of farm, S15>000; buUdings alone, $2,500.
Working capital furnished by tenant, $3,700, consisting of stock (6 work horses, 11 cows, 1 bull, hogs, and
poultry) $2,300, machinery and tools $650, feed and supplies $700, cash $50.

Working capital furnished by landloard (feed and supplies), $350.
Acres in pasture, 12.

Acres in nontruck crops, 56 (corn 24, tame hay 12, meadow hay 20).

Value of nontruck crops produced, $1,940; value of nontruck crops per acre, $35.

Acres in truck crops, 43; sales, 83,850; sales per acre in truck, $90.

Landlord. Tenant.

Sources of receipts:
$550

15

50
375

1,550

Cornstalks $15
Hav 50

375
WTiite potatoes (34 acres) . 1,550

2,000

Income from crops and stock 2,540 3,990

Items of expense:
Feed 400

200
16
500
20

200
Other seed . . . 16

500
Stable manure
Baskets 5
Spray material 37 37
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Table IX.

—

Suminary of a year's business on a successful late-truckfarm let for half of

the crops—Continued.

liandlord. .Tenant.

Items of expense—Continued.
Tool maintenance, estimated at IS per cent on value
Shoeing and veterinary
Taxes and insurance on working capital

Regular labor, board included
Faniily labor
Real-estate tax
Maintenance of buildings, estimated at 4 per cent on value

.

62
100

Total expense.

Interest on landlord's capital

iabor income of tenant and interest on his capital.

SLtv per cent interest on working capital
Interest on real estate, 10.6 per cent
Labor income of tenant ,

1,605

21

1,584

117
25
24
700
200
62

2,286

1,704
222

1,482

This farm had 43 acres in truck crops as compared with 22 on the

average of 96 late-truck farms let for half of the crops; the acreage

of nontruck crops was practically the same as the average, but the

value of nontruck crops per acre was greater; the value of truck

crops per acre was $90 as compared with $73 on the average farm.

The mcome from stock was $2,000, as compared with $1,262 on the

average farm, although the number of cows kept was the same. This

farm was more successful than the average, largely because of the

greater acreage m truck crops, the greater sales of truck crops per

acre in truck, and the greater indome from stock.

The cost of feed on this farm was about the same as on the average

farm, but» the cost of fertilizer was more than twice as much, and

because of the larger acreage of white potatoes the cost of seed was
greater than on the average farm by $204, Labor other than the

tenant's exceeded by $304 that used on the average of these 96

farms. On the value of the real estate, 10.6 per cent was realized.

The labor income of the tenant was $1,482, which was exceeded by
that of only two other tenants m the group of 96 farms.

FARMS LET FOR HALF OF THE CROPS AND HALF OF THE MILK.

The 12 farms from which the landlord received as rent half of the

sales of all crops and half of the income from the dairy are located,

in the main, on the heavier soil type, and dairying is an important

enterprise. These farms arc, on the average, larger and more desir-

able than the farms growing late truck, which give only half of the

crops as rent. The average sahis of dairy products on these 12 farms'

araount<Kl to $2,700, in comparison with $925 from the 96 late-truck

farms let for half of the crops.

On the farms of this group the tenant furnishcnl the work stock,

tools, machinery, labor, and all the productive stock except the

dairy herd, in whifh ho, had a lialf interest. In a few instances the
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landlord owned a part of the work stock a,nd mackinery in addition

to haK of the dairy herd.

Sales of truck crops v/ere divided equally on all farms growing

truck in 1913. The landlord's income from nontruck crops sold was
larger than that of the tenant, because the tenant did not in all cases

feed the work stock or the hogs and poultry from the undivided crops.

The tenant had, however, a larger income from stock and stock

products than the landlord, because the receipts from hogs and poul-

try were not divided. The receipts from milk sold and the increase

in the value of the dairy herd were divided equally.

Such httle stable manure as was purchased on these farms was paid

for by the landlord. The tenant usually paid haK of the cost of

commercial fertihzer; but the fertihzer used on truck crops other

than white potatoes was usually furnished by the landlord.

Half the cost of feed and seed purchased on these farms was paid

by the landlord, and on several farms the landlord paid all the cost

of grass and alfalfa seed. Early white potatoes are an important

truck crop on these farms, so that the cost of seed is considerable.

The tenant as a rule furnished all labor, including that for the

picking of tomatoes. One landlord furnished a man to work in the

dairy and also a part of the dairy equipment.

In Table X are given the averages of the different items of receipts

and expenses on these 12 farms.

Table X.

—

Landlord's and tenant's average receipts and expenses on 12 New Jerseyfarms
rentedfor half the sales of crops and half the dofiry receipts.

Landlord. Tenant

Sources of receipts:
Nontruck crops sold
Tomatoes
White potatoes
Sales of other truck crops...
Poultry and eggs

. Dairy products (2o.8 cows)

.

other income from stock . .

.

All other receipts

135
715
15

1,350
67

135
715
15

246

1, 350
169
18

Total. 2,643 2,907

Items of expense:
Feed
Seed
Commercial fertilizer

Stable manure
Packages
Spray material
Tool maintenance, estimated at 18 per cent on value
Hired labor, board included
Value of family labor
Real-estate tax
Maintenance of buildings, estimated at 4 per cent on value,
other expense

189
361
29
5

10
18

21
2

123
168
53

460
122
255

6
11

7
142
736
82
22

109

Total. 1,445

Interest on landlord's capital
Labor income of tenant and interest on his capital ,

Interest on working capital at 6 per cent (landlord, Sl,924; tenant, S4,008)

.

Labor income of tenant
Interest on real estate (7.7 per cent on S14,125)
Equivalent cash rent per acre, S8.95.

1,198

115

'i,"683'

955
240
715
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In Table XI is suininarized the year's business of a farm let for

half of the crops and half of the dairy receipts. This farm is con-

siderably more profitable to both landlord and tenant than the

average of the 12 farms with which it is grouped in Table X.

Table XI.

—

Summary of a yearns business on a successfulfarm on which the milk, as well
as the crop receipts, were divided.

Acres ia farm, 135; value of farm, §13,000; buildings alone, 15,000.

Working capital furnished by tenant, $5,545, consfsting of stock (7 work horses, 15 cows, 5 young cattle,
8 hogs, poultry), S3,245; machinery and tools, $1,200; feed and supplies, $900; cash, $200.

Working capital furnished bv landlord, $2,470, consisting of stock (15 cows, 5 young cattle), $1,570; feed and
supplies, $900.

Acres in pasture, 9.

Acres in nontruck crops, 85 (field corn 25, silage com 15, upland hay 25, marsh hay 20); value of nontruck
crops produced, $3,052; value of nontruck crops per acre, $36.

Acres in truck crops, 30; sales, $3,354; sales per acre in truck, $112.

Landlor i . Tenant

.

Sources of receipts:

Com sold
Upland hay sold
^\' hite potatoes (30 acres)
Income from stock .-

Milk, .?4,400; calves, $72 (shared equally); hogs, $35; poultryand eggs, $550
(tenant has all); increased value of stock, landlord, $140; tenant, $240.

Income from stock and crops

Items of expense:
Feed
Seed potatoes
Gi^ss seed
Potato fe'-tilizer

Com fertilizer (broadcasted)
Baskets
Bordeaux mixture
Other spraj' material t ,

Tool maintenance, estimated at 18 per cent on value
Sh oeing
Veterinary
Ta.ves and insurance on working capital
Hired labor, board included
Family labor (none)
Real-estate tax
Maintenance of buildings, estimated at 4 per cent on value

.

Total expense

Interest on landlord's capHal r.

Labor income of tenant and interest on his capital

.

Six per c?nt interest on working capital

Interest on real estate, 18.3 per cent
Labor income of tenant

$175
219

1,677
2,376

700
200
50

SCO
180

8

40

150
200

1,913

2,534

148
2,386

$175
219

1,677
3,061

5,132

700
200

216
30
6

28
950

2,506

2,626
333

2,29a

This farm had 30 acres of truck crops and 85 acres of nontruck

crops, which acreages exceed by 7 and 19 acres, respectively, those

of the averages for the 12 farms with which it is grouped in Table X.
The value of nontruck crops per acre was slightly greater on this

farm than the average of the group, and the sales of truck crops

wore SI 12 per acre as compared with $75. The income from stock

(S5,437) exceeded by $2,255 that of the average of the group, and
was more than four times as g^reat as that for the average of 96 late-

truck farms let for half of the crops. This farm was heavily equipped

with buildings, which included three silos. The expenses for feed,

seed, fertilizer, and labor were greater than for the average of the 12



16 BULLETIN 411^ TJ. S. DEPARTMENT OF AGEICULTURE.

farms, but tlie interest on the value of real estate (18.3 per cent)

and the labor income of the tanant ($2,386) exceeded that of any

other of these farms.

FARMS LET FOR A SHARE OTHER THAN A HALF.

On 13 farms, 4 of which are of the late-truck and 9 of the early-

truck type, the rent was a share other than a half. Many of the men
owning these farms lived on or near them. They did not find it

desirable to farm the land personally and, finding it possible to obtain

labor for a share of the product in lieu of wages, adopted this method
of operating their farms. Their tenants usually occupied a position

intermediate between that of a hired laborer and that of a tenant

operating independently of the landlord's working capital. Without
sufficient capital of their own to operate a farm, these tenants were

unable to secure the same terms that tenants with sufficient capital

could get. Some of the landlords letting to such tenants had to

purchase the stock and tools necessary to supplement that which

the tenant was able to furnish, and others who had farmed the land

themselves or let their farms under similar conditions previously,

already had the necessary working capital.

Eight of these 13 farms were leased under a two-thirds system, by
which the tenant furnishes the labor for one-third of the crops. The
landlord furnished the work stock, tools, and machinery, commercial

fertilizer and stable manure, feed for the work stock, and met the

cost of tool maintenance and most of the other general expenses.

The landlord personal!}^ assisted on some of the farms and, in one

case, paid for aU the hired picking labor. On several farms the

tenant had to meet a third of the cost of packages, but he was at

little other expense, except that if he furnished any tools or stock

he kept such tools in repair, and furnished the feed for his stock. On
most farms of this group the landlord reserved aU of the nontruck

crops, unless the tenant had some stock, in which case he was allowed

the use of the farm roughage and, in some cases, a third of the non-

truck crops.

In Table XII are given the averages of the different items of

receipts and expenses on the 13 farms let for a share other than a half.
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Table XII.

—

Landlord's and tenant's average receipts and expenses on 13 New Jersey

tenantfarms rentedfor a share other than a half.

Landlord. Tenant.

Sources of receipts:
Nontruck crops sold.
Truck crops sold
Income £rom stock. .

.

Other receipts

Total.

Items of expense:
Feed
Seed
Commercial fertilizer

Stable manure
Packages
Spray material
Tool maintenance, 18 per cent on value ($377 and $133)

.

Sash maintenance, 10 per cent on value ($135 and 818)..
Hired labor, board included
Family labor .• :

Real-estate tax
Maintenance of buildings, 4 per cent on value, $1,992
Other expenses

Total.

Interest on landlord's capital .-.

Labor income of tenant and interest on his capital
Interest on working capital at 6 per cent (landlord, $1,722; tenant,
Labor income of tenant
Interest on real estate, 6.6 per cent on $7,838
Equivalent cash rent per acre, $7.43.

$127
1,488

171

84
111

336
169
64
15
68
14
84
31

75

83
32

1,163

623

103

'520'

893
155

1

13

1

24
2

480
19
2

503
46-

457

CASH RENTING.

On farms let for a cash rent the tenant furnishes everything except

the land and buildings. The farms are, on the average, smaller and
less valuable than farms let for a share. The average rent paid per

acre is less than that which landlords receive who let their land for

a share of the crops. This is to be expected because these farms are

less desirable and because the landlord lettuig for a cash rent does

not take the risk entailed by variation in season and market, nor
does he risk losing an investment made in fertihzer and manure as

do landlords who let for a share. The equivalent cash rent per acre

on 22 cash rented farms raising early truck was $3.C5 as compared
with an equivalent of $6.88 on 90 early-truck farms let for half of

the crops. The equivalent cash rent per acre on 13 cash rented farms,

noising late truck was $5.25 as compared with an equivalent of $7.29

on 90 late-truck farms let for half of the crops.

The cash rent is usually paid in two installments per year. ITo

set time for the payments Ls generally recognized, but it is usual to

mjJie the first payment as soon as some of the crops can bo sold.

On some farms the rent Is payable all or part in advance. Some
tenants paid a certain stated cash rent and the real-estate taxes in

addition, and one paid a stated rent and taxes and also maintained
the buildings and fences in good ccnidition.



18 BULLETIN 411^ U. S. DEtAHTMENT OP AGEICULTTJRE.

In Table XIII are given the average amounts of the different items

of receipts and expenses on the 35 farms leased for a cash rent.

Table XIII.

—

Landlord's and tenant's average receipts and expenses on 35 cash rented

New Jersey truck farms.

22 early-truck farms.

Landlord. Tenant.

13 late-truck farms.

Landlord. Tenant

Sources of receipts:
Kontruck crops sold
Tomatoes
Sweet potatoes
Wliite potatoes
Other truck sales

Poultry and eggs
Dairy products
Other mcome from stock.
Cash rent
All other receipts

Total.

Items of expense:
Feed
Seed
Fertilizer and manure
Packages •

Spray material
Tool maintenance, 18 per cent on value (S473 and 3577)

.

Sash maintenance, 10 per cent on value (S172)

nired labor, board included ,

Value of family labor
Eeal-estate tax
Maintenance of buildings, 4 x)er cent on value
Cash rent -

Other expense

Total.

Interest on landlord's capital

Labor income of tenant and interest on his capital

Interest on worJ ing capital at 6 per cent (§2,263 and 32,9

Labor income of tenant
Interest on real estate
Equivalent cash rent per acre

158

758
533
87

371
111

1310
4

46
3413

2,260

168
3.65

253
50

466
81

17
85
17

433
156

5
2

274
51

370
136
234

413

297
5.25

$172
170

836

"179

!889

93

""4

2,343

316
176
368
11

24
104

308
162
36
10

413
79

2,007

336
179
157

1 3 cows. 2 9.9 cows.

VARIATION IN INCOMES.

The average labor income of 246 tenants was $332. Of six tenants

making a labor income of over $2,000, four were tenants growing

early truck and giving haK of the crops as rent, one was a tenant

giving haK of the crops and dairy receipts, and one was a cash renter.

Of the 246 tenants, 59 per cent made a labor income between $0 and

$1,000 and 29 per cent failed to make a labor income. The labor

income of tenants on farms on which early truck is grown is subject

to greater variation than on farms on which late truck is grown.

On the former group of farms, 53 per cent of the tenants made labor

incomes between $0 and $1,000, whereas 67 per cent of the tenants

in the latter group made labor incomes between the same limits.
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Table XIY.— Variatioiiin the size of the labor incovie-of tenants on 246 New Jersey truck

farms.

Total
number.

Number in each tenure group.

Labor income of tenant.

Halfo crops.
Half of

crops and
of milk.

Share
other

than half.

Cash rent.

Early
truck.

Late
truck.

Late
truck.

Either
early or

late

truck.

Early
truck.

Late
truck.

Over SI, .500 13

15
56
90
56
16

6
3

19

29
23
10

3

8
26
38
18
3

2

2

4
2

1

1

4

6
8

2

1

Sl,000 to Sl.oOO 1

3

8

1

SoOO toSl.OOO 2

SOtoS.500 5
Minus S500 to SO 4
Less than minus S500 1

AH farms 246 90 96 12 13 22 13

The income available to the family of the tenant is also of significance

for purposes of comparison. If we add to the labor income of the

tenant the value of unpaid family labor and 6 per cent on his invest-

ment in working capital, both of which are deducted from the receipts

of the tenant m obtaining his labor income, we have the amount
available to the tenant and his family for hving expenses and from
which to save, assuming that the tenant does not have any interest

to pay on borrowed capital. The average family income of 246

tenants was $633. Table XV shows the variation in the size of the

family income.

Table XY.— Variation in the size of the family incomes of the families of 246 tenants on
New Jersey truckfarms.

Total
number.

Number of farms in each tenure group.

Tenant's family income.

Half crops.
Half of

crops and
of milk.

Share
other

than half.

Cash rent.

.

Early
truck.

Late
truck.

Late
truck.

Either
early or

late

truck.

Early
truck.

Late
truck.

Ovpr Sl.'OO 25
28
78
8.3

32

8

10
28
27
17

9
13

35
33

4 2

2

5

8

,,

*l,f)iXJ to3I,5fX) 2

3

7

1

1

*>:X) to $1,<XXJ 4

4

3

t'i to %'At) 4

3

All farms 2^.0 9!) 96 12 13 22 13

Thirteen per cent of the 246 tenants failed to make any family

income. In other words, when allowances are made for all expenses

aiifl for the maintenance of the working capital, those tenants, their

familicis, and thciir capital wen; employed a year without reward.

Sixty-five per cent of the 246 tenants made a family income of between
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$0 and $1,000. There were more who made over $1,000 than there

were who failed to make any family income.

The owners of the 246 farms realized on the investment in real

estate an average of 6.6 per cent. Sixteen landlords made over 15 per

cent on their investment in real estate, and of these 13 were owners

of early-truck farms let for haK of the crops, one of a farm let for a half

of the crops and of milk receipts, and two of farms let for a share other

than a haK.

In Table XVI is shown the variation in the interest realized on the

value of real estate by the owners of 246 New Jersey tenant truck

farms.

Table XVI.— Variation in interest on value of real estate realized by landlords of 246
New Jersey tenant truck farms.

Total
number.

Number in each tenure group.

Landlord's interest on invest-
ment in real estate.

Half of crops.
Half of Share

crops and other
of milk, than haK.

Cash rent.

Early
truck.

Late
truck.

Late
truck.

Either
early or

late

truck.

Early
truck.

Late
truck.

16

31

102
76

21

13

18
21

25
13

1

1

8
2

2
1

6
2
2

10 per cent to 15 per cent
5 per cent to 10 per cent

11

£6
26
3

6

14
2

5
7

Less than per cent . . 1

All farms 246 90 96 12 13 22 13

The greatest range of interest realized on investment in real estate

is shown in the group of farms growing early truck and let for half

of the crops. The great variation in this group is partly explained

by the large expense for fertilizer and manure, amounting on the

average to $722, which expense is not always compensated by a

corresponding income from the crops produced. Comparative

stabihty in respect to the interest realized on real estate is shown
by the group of 96 farms growing late truck and let for half of the

crops, 58 per cent of the landlords in this group receiving between

5 and 10 per cent. Sixty per cent of the landlords renting their

farms for cash realized an income on their investment in real estate

of between and 5 per cent.
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Every fanner needs to have a definite idea as to what constitutes a

fair day's work in each of his operations, so that the annual work may
be planned intelhgently and carried out on time. In order to obtain

results from hired help it is necessary to know what each man and

team should accomphsh daily. The same knowledge wiU serve to

prevent the overtaxing of horses and the crowding of men beyond a

fair amount of service. Where hired help understand that a fair and

definite amount of work, not in excess of what can be performed day

after day without impairing health or eflTiciency, is normally expected,

the necessity of personal supervision by the employer is reduced.

Compensation can also be asked and paid on the basis of this reason-

able service and the relations of all concerned be made more satis-

factory.

Knowledge of what constitutes a fair day's work in a given locality,

based upon the experience of many neighbors, is a valuable guide to the

individual farmer. The data of tliis bulletin, a summary of which is

given in Table I, represent the experience of several hundred practical

farmers in western New York, and has appUcation to the conditions

which existed there. Knowledge of what is accomplished by farmers

in other locaUties is aLso of value to those in western New York,

because for more operations other sections of the United States have

worked out more efficient methods of dohig work and handling men,

Mlor-Iiull. 412—ic
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horses, and implements tlaan those ux vogue in this section. Hence,

in discussing the various operations in the following pages, compari-

sons are made between what farmers in New York accompUsh and

the average for the entire United States.

A NORMAL DAY'S WORK.

In the following summary table is shown the mean daily duty of

implements, workmen, and crews for various farm operations, aver-

ages for western New York, as determined by this investigation,

being compared with averages for the entire United States, as deter-

mined by a previous survey.^ In making these comparisons those

sizes of implements and crews were taken which are most generally

used and for which the largest numbers were reported.

Table I.-

—

Summary and comparisons.

Daily duty.

Operation.

Daily duty.

Operation. Western
New
York

average.

United
States

average.!

Western
New
York

average.

United
States

average.'

Walking plow:
2 horses, 12-inch

Acres.
1.65
1.78
2.20

13.0
17.3

9.0
10.2
14.7

7.5
8.2

11.1
13.8
10.0
10.4
7.5

3.4
5.2
10.7

4.1
6.8

1.1

Acres.
1.76
2.32
2.40

10.8
15.3

7.4
8.2

13.1

7.2
7.5

12.8
13.2
8.8

11.1
9.3

4.4
6.9
13.6

4.4
6.6

1.5

Setting up corn after corn
binder, 1 man

Acres.
3.4

5.3
5.7
9.0

15.0
17.6
14.3
6.3

4.9
6.6

Bushels.
52.3
70.0

32.2
f 715.3

1 Acres.

{ 25.1

Loads.
14.7

Acres.
4.0

3 horses, 14-inch Corn binder:
Sulky plow, 3 horses, 14-inch.

.

Spike-tooth harrow:
2 horses, 8-foot

6.6
3 horses... 7.3

Mowing hay (Moot cut)
Raking hay (10 feet wide):

1 horse

8.9
3 horses, 10-foot

Spring-tooth harrow:
2 horses, 6-foot

16.3
2 horses 17.9

3 horses, 6-foot Tedding hay , 2 horses 14.5
4 horses, 8-loot. .

.

6.3
Disk harrow, fresh plowed

land:
2 horses, 6-foot

Hauling hay from field to
barn, 2 men and 2 horses:
Unloading by hand
Unloading with sling

Picking apples:
Yield 1 to 10 bushels
Yield over 10 bushels

Husking corn from shock, 1

man

4.4
3 horses, 6-foot. . . . 6.1
4 horses, 8-foot

Land roller, 2 horses, 8-foot

Grain drill, 2 horses, 6-foot

Grain binder, 3 horses, 6-foot .

.

Setting up bound grain, 1 man
Planting corn:

Bushels.
34.0
44.8

45.9
Hand planter, 1 man
1-horse, 1-row Threshing wheat from shock,

10 men and 6 horses

Hauling manure with spreader

679.0

2-horse, 2-row
Cultivating:

1-horse
29.5

2-horse
Cutting corn by hand, 1 man,

yield 41-60 bushels.
13.1

1 U. S. Department of Agriculture Bulletin No. 3.

SOURCE OF DATA.

The information made available in this bulletin was obtained from
farmers in Wayne, Ontario, Monroe, Genesee, Livingston, Orleans,

and Niagara Counties. A circular of inquiry afforded an oppor-

tunity for experienced farmers to record their knowledge as to what
constitutes a fair day's work under their conditions, and these records

were averaged and assembled in the tables which follow.

1 U. S. Department of Agriculture Bulletin No. 3.
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LOCAL CONDITIONS.

Farm land in the section where these data were obtained is some-

what roUing, but not to an extent to reduce appreciably the average

amount of work that can be done daily. Some of the heavier soils of

the Dunkirk series can not be plowed as rapidly as can the more loamy
soils of the Middle West. The presence of more or less stone through-

out the section also operates to reduce the amount of work that can be

done daily with plows. There are no local reasons why farm im-

plements that are drawn over the land, like mowers, binders, rakes,

etc., should not perform as much work daily here as anywhere. The
horses used in western New York average 1,211 pounds in weight.

The average net day in the field in spring and summer work was found

to be 9 hours and 38 minutes, and in haying and harvest it is 9 hours

and 49 minutes. This net day excludes the time going and coming

and the noon period, and represents only the time in action on the

various operations.
PLOWING.

Table II gives the average performance of the walking plow with

2-horse and 3-horse teams working on sod and on stubble. From
10 to 15 per cent more land can be plowed in stubble than on sod where

only two horses are used. With 3-horse teams, there is little differ-

ence between the work on sod and on stubble. Breaking sod is work
that is too heavy for two horses. With two horses, the depth plowed

ranges from 6 to 6 J inches on stubble and is 6 inches on sod. With
three horses, the plowing on sod ranges from 6 J to 7| inches deep and
on stubble from 7 to 7^ inches deep. The majority of farmers use

three horses when breaking sod and two horses when plowing stubble.

The 3-horse teams permit the use of wider plows and deeper plowing.

The farmers in western New York accomplish only about 80 to 85

per cent as much daily in their plowing work as does the average

farmer in the United States. This is doubtless due to the heavy
character of the local soils.

Table II.

—

A/air day's workfor walking flows with 2-horse and 3-horse teams on sod and
on stubble.

Horses. Width.

On sod. On stubble.

Numlwr Number
Acres. of farms Acres. of f:irms

averaged. averaged.

InchcH.
2 10 1.40 124 1.66 220
2 12 1.47 217 1.65 315
2 14 1.4H 111 1.72 135
3 10 1.70 80 1..S2 52
3 12 1.74 225 1.85 146
3 14 1.7S 19S 1.93 140
3 16 1.90 45 1.95 15
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In Table III is shown th^Q djitj^ of p^lky plows in western New York
working on sod and on stubble. Few New York farmers attempt to

operate sulky plows with two borses. Tbe load is entirely too great

for two horses, and only poor plowing can be done with less than

three horses. The 14-inch plow is most commonly used on the

sulky in this section, while the 16-uich is the most common for the

average of aU. farmers in the country. In the soils of New York the

14-inch sulky is an ample load for three horses. From 5 to 10 per

cent more work can be done on stubble than on sod with the sulky

plow.

Table III.

—

A fair day's workfor sulky plows drawn by three horses on sod and on stubble.

Horses. Width.

On sod. On stubble.

Acres.
Number
averaged.

Acres.
Number
averaged.

3
3

3

Inches.
12
14

16

1.95
2.08
2.26

86
10.5

51

2.11
2.20
2.37

86
115
42

HARROWING.

The spike-tooth or smoothing harrow can be operated with

2-horse or 3-horse teams in a wide range of widths, as it is an imple-

ment of comparatively hght draft. Three horses accomphsh from.

10 to 15 per cent more work on the same width of harrow than two
horses do. Table IV gives the average duty for the spike-tooth

harrow for widths ranging from 5 to 12 feet for 2-horse and 3-horse

teams.

Table IV.

—

-A fair day's ivorkfor the spike-tooth harrow vnth 2-horse and 3-horse teams.

Width.

2-borse teams. 3-horse teams.

Acres.
Number,
averaged.

Acres.
Number
averaged.

Feet.

5

6

7

, 8
9

10
12

11.2
11.1
12.0
13.0
13.8
16.1
14.8

15

87
102
199
43
102
20

11.0
11.9
13.2
14.1
16.4
17.3
19.1

2

27
33
75
48
80
38

Where two horses are required to draw widths greater than 10

feet they appear to be overloaded so that their daily efficiency is

reduced.

The spring-tooth harrow is used to do the hard, preliminary work
of fitting the land after plowing. It is adapted to soils which are too
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hard, stony, lump}", or so occupied with stumps as to render the spike-

tooth or disk harrow ineffective. On account of its heavy draft it

can not be used in such extreme widths as can the spike-tooth harrow.

Three horses are more suitable than two on even the narrowest

widths, wliile a 4-horse team finds an 8-foot or 9-foot spring-tooth

harrow a heavy load.

Table V. -A fair day's work for spring-tooth harrows with teams cf two, three, andfour
horses.

Width.

2-liorse teams. 3-horse teams. 4-horse teams.

Acres.
Number
averaged.

Acres.
Number
averaged.

Acres.
Number
averaged.

, Feet.

6
7

8
9

9.0
9.3
9.7

36
6

7

10.2
10.9
13.3

33
21

10
:::::::::::; :::::::t

14.7
18.0

3
8

Li Table YI is shown the daily averages for the disk harrow with

2-horse, 3-horse, and 4-horse teams working on fresh-plowed and on
well-packed land, respectively. It appears that with two and three

hoi"ses, increasing the width of the disk harrow does not result in any
great increase in acreage disked. This is more true on fresh-plowed

than on well-packed land. Where four horses are used, mcreasing

the width results in more marked increases in daily accomphshment.

The heavy draft of the disk harrow accounts for the lack of increase

in results with increasing width where 2-horse and 3-horse teams are

used. The implement is an overload, as a rule, for anything less

than four horses; so that any increase in width with the smaller units

of power results in less speed and mileage per day.

Table VI. A fair day's work for disk harrovjs using teams of two, three, andfour horses,

respectively.

On fresh-plowed
land.

On well-packed
land.

Honsas. Width.

Acres.
Number A eras.

Number
averaged. averaged.

Feet.

2 5 7.1 GO 8.4 01

2 7. .') li52 9.1 149
2 7 7.« 44 9.0 44

2 8 7. K 38 10.0 38

3 •5 X. 1 44 9.4 44

3 6 X, ^ 20.5 9.8 201

3 7 8. 1 90 9.9 H9

3 8 H. H 48 10.

3

49
4 7.11 1(1 9.1 1.55

4 7 !). H 1.5 12.2 15

4 8 11.1 25 13.3 25
i
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THE LAND ROLLER.

The land roller (Table VII) is ari implement ctf relatively light

draft, and two horses operate a wide range of width. Its limit in

width is determined by the awkwardness of the larger sizes rather

than by their draft. The table shows an increasing acreage with

increasmg width, although the increase in results is not in propor-

tion to the increase in width.

Table VII.

—

A fair day's xuorhjor the land roller drawn hy two horses.

Width. Acres.
Number
averaged.

Feel.

6 11.4 76
7 12.5 255
8 13.8 588
9 14.0 117

10 14.6 136
12 15.3 23

GRAIN CROP OPERATIONS.

From Table VIII it is seen that nearly all farmers in western New
York use a grain drill sowmg 11 rows, or a strip from 6 to 6^ feet

wide. With this size driU the grain and grass can be sown regu-

larly, and in addition corn can be drilled two rows at a time, 42

inches apart, or three rows at a trip, 35 inches apart. Beans can

also be drilled 28 inches apart, sowing three rows at each trip. The
daily acreage planted for drills having 9, 10, and 11 tubes is shown
in the table.

Table VIII.

—

A fair day's worhfor grain drills drawn hy two horses.

Number
of drill

rows.
Acres.

Number
averaged.

9
10
11

9.2
9.6
10.0

95
. 67

951

Table IX gives the duty of the grain binder in western New York.

Four-horse teams are seldom used in this section, and the smaller

widths are often drawn by two horses. The 6-foot binder and three

horses are most commonly used. The 7-foot binder is too heavy for

three horses.

Table IX.

—

A fair day's work with the grain binder in western New York, using 2-horse
and 3-horse teams.

Horses. Width. Acres.
Number
averaged.

Feet.

2 6 7.6 16
2 6 9.3 71
3 9.6 73
3 6 10.4 901
3 7 11.3 83
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In Table X is shown the average acres of grain that can be set up

in shocks by one man after a grain binder. The bulk of the straw

influences the daily acreage to some extent.

Table X.—A fair day's work for a man setting up grain in shocks after the grain binder.

Yield.

Acres.
Number
averaged.

Straw. Grain.

Tom.
1.3
1.4
1.6
1.7

Bushels.
20
25
30
35

7.7
7.6
7.4
7.3

278
380
313
25

THRESHING WHEAT.

The amoTUit of grain threshed daUy is determined by the yield of

the crop more than by any other condition. Table XI gives the daily

duty of average crews in threshing wheat from shock in western New
York. About 25 acres is a fair day's work, irrespective of yield, in

threshing from shock.

Table XI.— Threshing wheatfrom shock—A fair day's work with average crews.

Yield.

Crew.

Bushels
daily.

Acres
daily.

Number
averaged.

Men. Horses.

Bushels.
0-20 8 or 9

9 or 10
10 or 11

4 or 6

6
4 ore

561.7
715.3
909.8

24.3
25.1
25.3

124
244
22

21-30
31 and over...

Table XII gives the duty of average crews in threshing from

stack or in barn, both for wheat and for oats. The yield here 'is the

controlling element in the daily output. The crews reported ranged

from 5 to 18 men. In this operation, scarcity of help makes it

necessary at times to operate with too small a crew, while at other

times, where the neighbors help each other, more men are available

than are needed. A crew of 8 or 1 men should be ample if the grain

is stacked or stored so as to be convenient to the machine.

Table XII.— Threshing viheat arul oats from stack or ham-
crews.

-Normal output of average

Crew. Wheat. Oat.s.

Number
averaged.

Men. Horses. Yield. lUi.shels. Yield. Bushels.

8or9
9 or 10
9 or 10

2 or 4

2 or 4

2 or 4

20
25
30

733
Hr)5

014

35
45
55

1,096
1,269
1,.M0

97
107
124
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HANDLING MANURE.

Table XIII shows the normal accomplishment to be expected from

a manure spreader operated by one man and usmg 2-horse and 3-horse

teams, respectively. The great majority of farmers find three horses

necessary for the operation of a spreader. The advantage of the

spreader is reahzed in more even distribution of manure over the

field, in the shorter time required to unload, and in the greater ease

of doing the unloading by horsepower than by man power. It takes

about two and one-half times as long to unload by hand as with

the spreader. There is no advantage in favor of the spreader in the

matter of loading.

Manure carriers running on overhead tracks in the barn have largely

reduced the laborious work of removing manure from farm buildings,

while the spreader has transferred the work of spreading from man
to horse. No mechanical device, designed to load manure from the

yard to the wagon or spreader, has yet found general adoption on
farms. Farmers can eliminate the work of handling manure from

barnyards by providing a low-wheeled, low-priced wagon into which

the manm^e from the barn carrier can be emptied as it comes from the

stable. The manure spreader can also be set outside, so as to receive

the contents of the carrier. By hauling the loaded wagon or spreader

to the field as soon as filled, there need be no accumulation of manure
in the barnyard, the most laborious operation of loading from the

ground by hand is eliminated, the manure is handled and lifted but

once into the carrier, and goes directly to the field with a minimum
of loss by leaching.

Table XIII.—A fair day's work in handling -manure with a manure spreader drawn
by two and three horses respectively.

Horses.
Rods

hauled.
Pounds
in load.

Loads
hauled.

Acres
covered.

Number
averaged.

2
3

61.2
70.4

2,317
2,689

14.5
14.7

1.7
1.8

123
355

OPERATIONS ON THE CORN CROP.

Table XIV gives the normal efficiency of hand planters, 1-row

and 2-row planters, and the gram drill in planting corn. The hand
planter is about 60 per cent as efficient as the 1-horse planter,

one-third as efficient as the 2-row planter, and one-fourth as rapid

as the grain driU, Corn is i)lanted with the grain driU in this section

more generally than with the special planters.
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Table XIV.

—

A fair day's toorh iviih the implements used in planting corn.

Implement. Width of
rows.

Hand planter '{

One row, l-horse planter l

Two rows, 2-liorse planter I

Grain drill, 2 horses I

Inches.
36
42
36
42
36
42
36
42

Acres Number
daily. averaged.

2.9 74

3.4 113
4.6 62
5.2 93
9.1 84
10.7 124
11.3 192
11.6 533

Table XV indicates that the 2-liorse walking cultivator is about

50 per cent more efficient than the l-horse cultivator, and the 2-horse

riding cultivator is about 75 per cent more efficient than the l-horse

type. The l-horse walking cultivator is being displaced by the

2-horse riding type, since the extra horse on the latter is more eco-

nomical of man time. .•

Table XV.

—

A fair day's work in cultivating corn.

Horses
used.

Type of cultivator.
Acres culti-

vated daily.

Number
averaged.

1

2
2

Walking 4.1
6.2
7.1

1,077
560

1,133

do

In Table XVI the average acreage of corn cut by one man working

with a com knife is shown for increasing yields in terms of ears per

acre. About one acre is a good day's work where the yield is over SO

bushels, and one and one-third acres can be cut where the yield is

less than 40 bushels. The averages for western New York for this

operation are about 25 per cent less than the normal for the United

States, the yield being the same. This may be accounted for in

part by the fact that com in New York is planted in drills instead

of in hills, requiring more blows of the knife to cut a given number
of stalks; also because a short-handled sickle is used in the East

which requires much stooping, whUe a long straight-bladed knife

is used in the West, which permits the work to be done while standing

practically erect.

Table XVI .

—

A fair day 's work for one man in cutting corn by hand.

Range of yield
(bashels of ears}.'

Acres
cut daily.

Number
averaged.

Under 40.

i.'Z

1.1

17

1x7

iil2

580

41 'iO

f)l-8() . ...

81 and over

1 In Tables XV'I, XVIf, and X IX the yield of corn is expres.scd in bushels of ears, tliis l)oing l,ho customary

melliod of reckoning (x>m yields in western New Yorlt. To convert to bushels of .shelled corn divide by 2.



10 BULLETIN 412j U. S. DEPARTMENT OP AGRICULTURE.

Where com has been cut by a com binder, a man's efhciency in

setting it up into shocks is multiphed by 3 over what he can accom-

phsh in cutting and setting up by hand. Table XVII gives the daily

duty with increasing yields, there being a slight faUing off as the

yield per acre becomes heavier.

Table XVII.

—

A fair day's work for a man setting up corn after the corn binder.

Yield per
acre (bushels

of ears).

Acres
per day.

Number
averaged.

50
75

100

3.5
3.4
3.3

102
165
474

From Table XVIII it appears that a very large proportion of

farmers use three horses on the com binder. The amount accom-

pUshed daily is about 20 per cent less than the average for the United

States. The heavier average yields of corn in New York, as com-
pared with the general average, in part account for this, com not

being grown so extensively here as elsewhere, but more intensively.

Table XVIII.

—

A fair day's work ivith the corn binder drawn by tivo and three horses

respectively.

Horses.
Acres

cut daily.

Number
averaged.

2
3

5.3
5.7

190
1,001

1

In husking corn from the shock in western New York, one man
averages only from 65 to 75 per cent of the average for the United

States, about 35 bushels per day being the normal amount husked

in this section. Table XIX gives the average bushels per day and
acreage per day for the yields indicated.

Table XIX.

—

A fair day's work for a man in husking cornfrom shock.

Range of yield
(bushels of ears).

Acres
per day.

Bushels
per day.

Number
averaged.

Under 41..
41-60

0.66
.62
.47
.40

36.3
32.2
32.6
36.0

26
122
293
431

61-80
81 and over

OPERATIONS ON THE BEAN CROP.

In Table XX the average daily work that should be accomplished

in some of the field operations with the bean crop are shown. The
beans are planted with a grain drill, cultivated with the ordinary

cultivators, and harvested with a bean harvester, an implement



KORMAL DAY S WORK IN WESTERN" NEW YORK. 11

drawn by two horses and having two long knives, each of which cuts

a row, the two rows being thrown in the center between the rows.

The beans are then thrown into small piles with a pitchfork, and
from time to time the piles are forked and turned over, so that the

.pods will dry out and cure suitably for threshing.

Table XX.

—

A fair day's work for the operations in bean growing.

Operation.

Plantuig with grain drill

Harvesting with bean harvester.
Bunching with fork
Forking with fork

Horses. Men. Acres
daily.

10.9
7.6
2.8
2.7

Number
averaged.

1,040

793
819

In Table XXI the acreage that can be cleared in a day in hauling

in the bean crop is shown for the crews commonly used in this section.

Doubhng the crew does not quite double the acreage cleared daily.

Crews larger than two or three men are not very common, since the

system of farming is such that the field work can be chiefly done with

one regular hired man and members of the family.

Table XXI.

—

A fair day's work for crews in hauling beansfrom field to barn.

Crews.
Acres
cleared
daily.

Number
averaged.

Men. Horses. Wagons.

2
3
4
5
6

2
2
4
4
4

1

1

2
2
2

5.5
6.5
10.3
10.9
12.2

459
355
64
35
17

HAYING OPERATIONS.

In Table XXII is shown the daily duty of men and implements in

the haying operations preparatory to hauling into the barn or stack-

ing. The averages for mowing, rakmg, tedding, and cocking are

substantially the same as the averages for the United States as a

wjiole.

Table XXII.

—

A fair day's vjorkfor implements, men, awl teams used in making hay.

Operation. Men. ilor.sos. Width. Acres
daily.

Number
averaged.

1

1

1

1

1

2

Feet.

1 t
10

10

10

10

8.3
9.0
10.2
15.0
17.(i

l.i. 1

i(;.:i

11. 3

<;. 3

J

32
974
195
175

89
KM
(158

1,01-1

Haking

IJunrhing

Tclfling
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Table XXIII gives the daily duty of the crews ordinarily used in

western New York in hauling in hay from the field and unloading by
hand. In this section, which is not an extensive haying region,

one team only is used in a large majority of cases. Increasing the

crew does not result in increasing the amount done in the same pro-

portion, and odd men are the least valuable additions to the crew.

Table XXIII.

—

A fair day's work with crews used in hauling hay from field to barn and
unloading by hand.

Crews.

Tons
daily.

Acres
daily.

Number
averaged.

Men. Horses. Wagons.

2 2 1 7.7 4.9 342
3 2 1 8.8 5.3 509
3 4 2 10.0 5.6 11

4 4 2 13.3 7.7 50
5 4 2 14.8 8.7 65

In Table XXIV is shown the normal duty of crews in hauling in

hay where the unloading is done with the hay sling, or hay fork.

Unloading with this inexpensive device increases the efficiency per

day about 45 per cent. The farmers in this section are, on the aver-

age, from 5 to 10 per cent more efficient in hauling in their hay than

the average farmer of the country. The efficiency of the crews shown
in Tables XXIII and XXIV can be increased about 10 per cent by
the use of the hay loader in the field. Where stacking is done in the

field, or where the hay field is within 60 rods of the barn, hay can be

put away about 75 per cent more rapidly with the western sweep

rakes than with wagons and racks.

Table XXIV. -A fair day's workfor crews hauling hayfrom field to barn and unloading
with hay sling or fork.

Crews.

Tons
daily.

Acres
daily.

Number
averaged.

Men. Horses. Wagons.

2 2 1 10.7 6.6 290
3 2 1 12.6 7.5 496
3 4 2 14.9 9.3 9
4 4 2 17.5 9.8 58
5 4 2 20.1 11.7 82

OPERATIONS ON THE CABBAGE CROP.

In Table XXV the averages for planting cabbage with a trans-

planter have been brought together for increasing sizes of crews. In

aU cases there are three men on the transplanter, the additional men
and horses being used to bring the plants and water to convenient

points for the transplanter. The efficiency per day is not greatly
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increased by additional men/ two men and two horses adding only

half an acre, or about 15 per cent to the amomit done daily. Two
additional men and an extra team are nsed more frequently, however,

than are smaller numbers, these being sufhcient when properly

directed to keep the transplanter constantly at work.

Table XXV.- -Afair day's luorh in setting cabbage, using three men on the transplanter

and additional men and horses as indicated.

Extra
men.

Extra
horses.

Acres
planted
daily.

Number
averaged.

3.4
3.4
3.5
3.5
3.7
3.8
4.0

53
42
65
47
83
30
155

1

2
1

2
1

2

1

1

2
2

Table XXVI shows the average number of loads and tons of cab-

bage that can be harvested daily and unloaded on the farm. The
smaller crews are most frequently used. The larger crews do not

accomphsh results in proportion to their size. Two men and two

horses and four men and four horses are the most efficient per man
and per horse.

Table XXVI.

—

A fair day's work for crews harvesting cabbage and sorting in the barn.

Crews.

Loads
daily.

Tons
daily.

Number
averaged.

Men. Horses. Wagons.

2 2 1 7.4 9.8 142
3 2 1 8.0 11.4 107
4 2 1 9.4 13.5 50
4 4 2 12.3 16.4 48

.6 4 2 14.9 20.7 16

Where the cabbage is hauled directly from the field to market, the

number of loads that can be handled daily with the respective crews

is as showTi in Table XXVII. On account of its great weight and

bulk, cabbage is not grown to any considerable extent on farms over

5 or 6 miles from market, the greater part of this crop being produced

on farms that are from 2 to 4 miles from shipping point.
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Table XXVII.-

—

A fair day's work for crews harvesting cabbage and hauling directly to

market—loads per day.

Crews. Miles to Market.

»
10

g

1 2 3 4 5

^ R2 a
1^'

13 a^ o 'O

1^
a^

a 2 ^ 3 S 03 a §3 c3 3 © c3 3 fe S 3 ©

M

1

1-1 03 h-1
^ 03 -1 '^ 03 Hi o3 1-1 C3

5.1 ^3 3.9 SI 3.1 29 2.5 ;?3 2.5 i3

3 7, 1 5.8 i7 4.6 30 3.5 16 3.5 12 2.4 5

4 2 1 4.7 3 4.7 16 3.6 18 3.5 3 3.6 5

4 4 2 10.4 5 6.9 U 6.0 10 4.7 5 4.0 i

6 4 2 11.3 3 7.0 2 6.5 4 7.0 2 4.1 i

OPERATIONS ON FRUIT CROPS.

The data for Tables XXVIII to XXXIII were obtained in western

New York under conditions where orcharding is on a commercial

basis and the work is well standardized. They refer to well-estab-

hshed orchards and the customary methods and practice which obtain

among the vast majority of growers. Baldwins and Greenings pre-

dominate among the orchards and the data presented refer to trees

having their general habits of growth. Trees are pruned quite regu-

larly, few, if any, neglected orchard conditions and abnormal factors

being incorporated in the averages. Fruit growers in this region

necessarily know quite definitely what an average day's work should

be for the various orchard operations.

In Table XXVIII are given the averages for pruning fruit trees

and for thinning the fruit from apple trees where the crop is too

heavy to permit the maturing of good fruit. In general, the thinning

operation does not present a serious labor problem except on occa-

sional years when a very heavy crop is set. At other times wind and
storm are likely to remove even more than the excess and fruit is not

thinned on that account. The data for thinning refers to the average

tree in the orchard in years when thinning is necessary.

Table XXVIII.

—

A fair day's work in pruningfruit trees and in thinning thefruitfrom
apple trees.

Operation. Trees
daily.

Number
averaged.

Pruning apple trees (10 years old)
Pruning apple trees (30 years old)

,

Thinning out surplus apples (30-year trees)
Pruning peach trees (8 years old)

,

28.6
12.6
12.4
37.7

803
769
528
449



ITORMAL DAY S WORK IIST WESTERN NEW YORK. 15

In Table XXIX is shown the number of bushels of peaches that

one man can pick daily where the yield per tree varies. The better

the crop per tree the more it is possible to pick daily. In making
these reports farmers reported those yields per tree regarding which

they had the best record as to the efficiency of the picking. The
larger yields are most readily reported because the most unusual.

The yields per tree, therefore, should not be taken as representing

the average yield of peaches. Two or 3 bushels per tree is the most
common yield.

Table XXIX.

—

A fair day's work for one inan in picking peaches from trees of average
size, according to yield per tree.

Yield Bushels Number
per tree picked aver-

(bushels). per day. aged.

1 22.2 17
2 33.6 101

3 34.7 99
4 38.3 50
5 39.8 50
8 45.9 13

10 54.3 7

From TableXXX it appears that about the same number of peaches

can be handled daily by one man packing into baskets as can be

picked from the tree. In general, the smaller the basket, the less

the quantity that can be packed in a day. The J-bushel basket is

most commonly used. Mechanical graders for sorting peaches were

almost unknown in this area at the time these data were collected.

The work covered by the tables, therefore, refers to methods which

are entirely manual.

Table XXX.

—

A fair day's work for one man in packing peaches in baskets.

Size of
basket

(bushels).

Number of

baskets
daily.

Average
bushels
daily.

Number
averaged.

3

1*

88.2
97.7
79.5
57.6

22.1
32.6
39.7
57.6

17

266
44
15

Table XXXI gives tlie daily duty of one man in picking apples.

Tlie larger the yield, the greater the quantity that can bo picked in

a day. Apples can be picked somewhat more rapidly than poaches.

In good years pickers prefer to ))0 paid by the bushel or barrel and

work more rapidly tlian when paid by the day. Under average con-

ditions in this territory the yield of apples is from 4 to 6 bushels per

tree, and the average picker gathers from 20 to 25 barrels daily.
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Table XXXI.

—

-A fair day's ivorkfor a yian in picking apples.

Yield
per tree

(bushels).

Bushels
per day.

Number
averaged.

Yield
per tree

(bushels).

Bushels
per day.

Number
averaged.

6
10
15

53.2
54.5
63.5

11

88
199

20'

25
30

66.9
75.8
78.6

207
81
150

Mechanical devices for sorting and packing apples are seldom

used in western New York. A simple barrel header operated by one

man as the barrels are filled constitutes the chief mechanical aid in

packing apples in this region. The same general practice prevails

over the entire region, the work being done by hand.

Where apples are sorted by hand and packed in barrels, the daily

amounts set out in Table XXXII should normally be accomphshed.

Table XXXII.- -A fair day's work in sorting and p>o.cking apples with the number of
hands indicated.

Crew.

Barrels
daily.

Number
averaged.

Crew.

Barrels
daily.

Number
averaged.

Sorters. Packers. Sorters. Packers.

1

1

2
2

1

2
1

2

56.7
65.4
7/7.4

88.7

.209

11

228
118

3

3

4

1

2
2

98.4
115.0
124.9

27
37
9

Not many of the commercial orchards in New York are over 6

mQes from market. The number of trips that can be made daily

with loads of fruit for distances from 1 to 8 miles is shown in Table

XXXIII. The usual load is 20 to 22 barrels of apples and 55 to 60

bushels of peaches.

Table XXXIII.

—

A fair day's work for man and team in hauling fruit to market.

Miles to Loads Number Miles to Loads Number
market. per day. averaged. market. per day. averaged.

1 6.3 58 4 3.0 150
n 0.6 53 5 2.3 128
2 4.8 173 6 2.1 77

2i 4.1 79 7 1.9 29

3 3.7 210 8 1.9 17

3i 3.4 38
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Research, work iii farm econoinics includes among other things

questions relating to the value of farm animals, farm equipment, and

agricultural products. Those who have occasion to buy or sell

live stock are constantly confronted with the problem of weighing

the many factors influencing the value of farm animals. Of these

factors, the age of the animal is one that applies directly to the value

of dairy cattle and farm work horses. While age is not the only

factor affecting the value of these classes of animals, it is one of the

most important. In determining the value of farm animals grown
for meat only, which are ordinarily disposed of at an early age, this

factor is comparatively unimportant. '

By means of personal visits and through correspondence with

many of our best informed farmers and live-stock breeders, the OfRce

of Farm Management recently attempted to get reliable information

concerning the influence of age on the values of dairy cows and farm

work horses. Farm Management investigators have found that for

farm data the average of a large number of estimates is almost as accu-

rate as that of carefully kept records, provided the estimates are given

by men who thoroughly know the su])ject under consideration. In this

case all estimates were given by men each of whom has had wide expe-

rience with the class of live stock on which he furnishes information.

Note.—This bulletin is of interest to stock-raisers generally.

44131°—Bull. 41^-10
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The fact that the average 6f the 'estitaates for each class remained

practically constant after the first thirty rephes had been averaged

is some evidence as to the accuracy of the figures. The estimates

secured by correspondence agree very closely with those secured

through personal visits. While figures concerning the values of

dairy cows and farm work horses were obtained from nearly every

unportant agricultural district in the United States, most of the esti-

mates were secured from New York, Pennsylvania, and the North
Central States. In this work appreciation and depreciation were

based on age only. In order to eliminate everything except age, the

animal was assumed to be in perfect health and to have a fixed value

at a certain age.

Four breeds of dairy cattle, Holstein, Guernsey, Jersey, and Ayr-

shire, were included in these investigations. No attempt was made
to find the actual average value of animals belonging to any breed.

Arbitrary values were assumed for a certain fixed age, merely to get

a starting point from v>rhich to work. Thus for each breed estioiates

were based on four classes of 3-year-olds, namely, the $80 grade

cow, the $100 grade, the $200 purebred, and the $300 purebred. If

the cow was assumed to be with calf at 3 years of age, she was con-

sidered to have reached the same stage of pregnancy each succeeding

year. In the case of purebred stock changes in the advanced registry

of the cow herself, or of other animals related to her, were not con-

sidered in estimating values.

The farm work horse was assumed to have a maximum value of

$250 when m his prime, which is a fair price for very good farm

horses. Brood mares were excluded, as their value is not necessarily

the same as that of animals kept for work only.

In so far as age affects values the tables presented in the bulletin

should be helpful in buying and selling dairy cows and farm work

horses, and in taking inventories. No attempt has been made to

compare breeds. In fact, it is beheved that none of the figures can

be interpreted in such a way as to favor any particular breed, «

INFLUENCE OF AGE ON VALUE OF COWS.

HOLSTEIN.

Table I shows the influence of age on the value of four classes of

Holstein cows worth per head $80, $100, $200, and $300, respec-

tively, at 3 years of age. (See fig. 1.) For each class the esti-

mates are tabulated separately for the North Central States, the

Northeastern States, and the United States, aU sections., Accord-

ino; to these estimates Holstein cows of all classes reach their maxi-

mum money value at 6 years of age. The values do not vary
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greatly between the ages of 4 and 8 years. After that age depre-

ciation is rapid. The estimated values given old cows may seem

a little high, but it must be remembered that only animals in

health were considered. Calves and old cows are valued relatively

higher in the Central States than in the East. This is doubtless due
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Fig. 1.—Curv'es showing influence of age on values of Holstein cows. (Averages of 528 estimates by own-

ers, based on arbitrary values assumed for a certain fixed age.)

largely to the lower price of feed in the North Central States. Dur-

ing their years of highest production, the price of Holstein cows a23-

pears to average a Uttle higher in the Eastern States. This differ-

ence, however, is not marked, and in the case of the $100 grade cow
it is reversed.
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Table I.

—

Influence of age on values of Holstein cows. {Averages of 528 estimates by
ovjners, hosed on arbitrary values assumedfor a certain fixed age.)

[Averages are reported to the nearest dollar.]

Age.

Grade Holstein cow worth SSO
at 3 years of age.

Grade Holstein cow worth $100
at 3 years of age.

North
Central
States.i

North-
. eastern

States.2

United
States, all

sections.

North
Central
States.

North-
eastern
States.

United
States, all

sections.

Birth 812
28
43
63
80
90
98

101
98
92
82
74
67
60
52
46

S7
20
34
58
80
90
100
102
99
93
85
76
67
59
51
44

SIO
24
39
61

80
91
100
102
99
93
84
75

67
60
52
44

S13
30
49
75

100
113
121

121
116
109
98
87
75

65
57
49

$9
22
39
71

100
110
120
122
115
104
92
78
69
60
52
46

Sll
26
44

2 years 72
100
112

5 years 120
122

7 years 116
107
95

10 years 83
72

12 years 62
57

14 years . . . 48

Number of estimates 49 48 107 57 41 159

Age.

Purebred I

at
lolstein cow
3 years of aj

worth S200
e.

Purebred Holstein cow worth S300
at 3 years of age.

North
Central
States.

North-
eastern
States.

United
States, all

sections.

North
Central
States.

North-
eastern
States.

United
States, all

sections.

Birth 864
91

122
150
200
228
245
2.52

242
226
201
174
152
128
104
84

S59
84

113

159
200
231
249
257
245
229
203
179
153
126
101
73

S62
87
117
160
200
233
251
256
245
229
205
177
152
127
104
82

S95
132
173
234
300
328
347
348
331
305
265
227
196
162
127
97

S88
122
161
227
300
334
352
354
340
309
272
233
191
158
120
91

S92
128

1 year 168
231

3 years 30O
331

6 years 348
350
332
304
265
226

11 years 192
12 years 159
13 years 124
14 years 94

Number of estimates 55 44 114 98 43 148

1 North Central States: Ohio, Indiana, Illinois, Michigan, Wisconsin, Minnesota, North Dakota, South.
Dalvota, Iowa, Nebraska, Kansas, and Missouri.

2 Northeastern States: New England States, New York, New Jersey, and Pennsylvania.

GUERNSEYS.

Table II shows the influence of age on the values of four classes

of Guernsey cows, worth per head $80, $100, $200, and $300, respec-

tively, at three years of age. The estimates are classified as in Table

I. These figures, as compared with those in Table I, indicate that

appreciation and depreciation due to age are about the same for

Guernseys and Holsteins. According^ to these estimates, Guernsey
calves and old cows, like those of the Holsteins, are cheaper in the

East than in the Central West. In the case of pure breds in their

prime, however, the reverse is true. The estimates indicate that

Guernsey cows of all classes reach their highest value at 5 and 6 years

of age. (See fig. 2.)
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Fig. 2.—Curves showing influence of age on values of Guernsey cows. (Averages of 389 estimates by owners,

based on arbitrary values assumed for a certain fixed age.)

Table 11.—Influence of age on values of Guernsey cows. {Averages of389 estimates by
owners, based on arbitrary values assumedfor a certain fixed age.)

[Averages as reported to the nearest dollar.]

Age.

Grade Guernsey cow worth S80 at
3 years of age.

North
Central
Stales.

North-
eastern
States.

United
States,

all sections.

Grade Guernsey cow worth SlOO at
3 years of age.

North
Central
States.

North-
eastern
States.

United
States,

all sections.

Birth
6 month.s
1 year
2 years
3 years
4 years
6 years
6years
7yearH .'..

Syeare
9 yeani
10 years
H years
12 years
13 years
14 years

Snmho.r of estimates

$11
25

40
tjl

80
92
»9

100
97
91

Ki
73
0.5

.07

50
44

su
24

40
01

80
91

!M)

99
90
90
82
T.i

04

5.5

48
42

30
48
74

100
110

127

128
123

1)5

100
87
74

03

25

42
70

100
118

120
128
121

112
97
84

09
59
47
40

67 39 62

$13
27
45

72
100
117

120

127
121

111

97
85
71

01

49

41

103
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Table II.

—

Influence of age on values of Guernsey coios. {Averages of 389 estimates by

owners, based on arbitrary values assumedfor a certain fixed age)—Continued.

Purebred Guernsey cowworth 8200
at 3 years of age.

Purebred Guernsey cow worth 1300
at 3 years of age.

Age. North
Central
States.

North-
eastern
States.

United
States,

all sections.

North
Central
States.

North-
eastern
States.

United
States,

all sections.

Birth $57
88
117
164
200
229
247
250
241
226
199
17-5

148

126
106
87

S55
81

112
160
200
232
258
264
254
235
209
182
155

125

98
70

S56
85

115

162
200
231
251

257
246
230
203
179
151

126
101

78

S90
130
173

242
300
324
337
333
321
299
269
232
201
169
137
107

S71
107
157
224
300
340
363
360
343
316
279
239
198

162
122
90

S82
120
167
234
300
332
350
346
332
307
273

235
199
W6
130
99

Number of estimates 31 34 70 57 50 115

Fig. 3.—Cui-\'es showing influence of age on values of Jersey cows. (Averages of 511 estimates by owners,

based on arbitrary values assumed for a certain fixed age.)

JERSEYS.

In Table III the estimates indicate that aU classes of Jerseys are

valued highest at 6 years, though the difference in value for 5 and 6
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years is not great. Here, again, calves are rated relatively cheaper

for the Northeastern States, but the regional difference in value as

given for old cows is* small. (See fig. 3.)

Table III.

—

Influence of age on values of Jersey cows. {Averages of 511 estimates by
owners, based on arbitrary values assumedfor a certain fixed age.)

[Averages are reported to the nearest dollar.]

Grade Jersey cow worth $80 at 3

years of age.
Grade Jersey cow worth $100 at 3

years of age.

Age.
North
Central
States.

Northeast-
ern States.

United
States, all

sections.

North
Central
States.

Northeast-
ern States.

United
States, all

sections.

Birth $11
23
37
59
80
86
91
92
92
86
80
71
62
54
44
37

SS
19
32
56
80
87
93
95
93
88

. 82
74
62
52
42
34

$10
22
35
57
80
86
91
92
91
86
79
71

61
52
43
36

$13
26
44
72

100
110
119
122
121

116
105
92
79
66
64
43

$9
24
42
69
100
116
124
127
126
120
109
96
84
71

57
46

$12
26
44
72

100
4 vears ... 111

119
6 years . . . 121

119
8 years 113

102
89

11 vears 77
64

13 vears 52
1-1 vears 41

Number of estimates 72 24 144 69 25 134

Purebred Jersey cow worth
at 3 years of age.

North
Central
States.

Northeast-
ern States.

United
States, all

sections.

Purebred Jersey cow worth
at 3 years of age.

North
Central
States.

Northeast-
ern States.

United
States, all

sections.

Bir(h
6 months
1 year
2 years
3 years
4 years
5 years
6years
Tyears
Syears
9 years
10 years
11 years
12 years
13 years
14 years

Number of estimates

$42
68

103
149
200
228
247
254
245
228
204
179
144
118
89
70

61

94
147
200
231
256
269
261
247
217
187
151

124
94
67

103
152
200
226
245
249
240
223
196
169
138
112
87
64

$54
86
129
207
300
337
359
364
346
317
275
229
190
151

106
71

124
205
300
322
353
355
336
312
267
225
183
152
112
81

133
207
300
330
350
351
332
305
266
222
178
140
105
74

52 34 137 31 1(1 96

AYRSHIRES.

According to the estimates averaged in Table IV, Ayrshire

calves and old cows are cheaper in the Northeastern States than in

the North Central States, while Ayrshire cows during their period of

highest production are a little higher in the East. The values placed

on old cows are exc(!ptionally liigli for the North Central States.

According to the estimates all classes of Ayrshires reach their maxi-

mum value at 6 years. (See fig. 4.)
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Fig. 4.—Curves showing influence of age on values of Ayrshire cows (Averages of 416 estimates by owners,

based on arbitrary values assumed for a certain fixed age.)

Table IV.

—

-InfliceTice of age on values of Ayrshire coivs. {Averages of 416 estimates by
owners, based on arbitrary values assumedfor a certain fixed age.)

(Averages are reported to the nearest dollar.)

Age.

Birth
6 months
lyear.
2 years
3 years
4 years
5 years
6 years
7 years
8 years
9 years
10 years
11 years
12 years
13 years
14 years

Number of estimates

Grade Ayrshire cow worth SSO at 3 Grade Ayrshire cow worth $100 at 3
years of age.

!

years of age.

North
Central
States.

Sll
23
37
59
SO
87
91
95
94
90
85
78
69
62
54
47

North-
eastern
States.

96
100
100
96
88
79
71

61
51
43

United
States, all

sections.

North
Central
States.

S15
30
48
76
100
109
114
116
114
108
99
90
79
69
60
52

North-
eastern
States.

Sll
26
42
72
100
111
120
125
123
118
108
96
84
73
61
50

United
States, all

sections.

S12
26
43

73

100
111
119
123
121
116
106
95
83
73
61
51

141
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Table IV.—Influence of age on values of Ayrshire cows. (Averages of 416 estimates by
owners, based on arbitrary values assumedfor a certain fixed age)—Continued.

Purebred Ayrshire cow
at 3 years of ag

worth $200
e.

Purebred Ayrshire cow
at 3 years of a

worth $300

Age.
North
Central
States.

North-
eastern
States.

United
States, all

sections.

North
Central
States.

North-
eastern
States.

United
States, all

sections.

Birth S44
73

108
155

200
233
243
250
245
233
209
191

166
142
113

87

$42
68

101
148
200
228
255
266
265
252
229
202
168
132
99
74

S44
70

103
150
200
230
253

262
258
244
222
196
165

134
103

78

S67
99

145

224
300
322
345
355
342
322
290
248
210
172
130
100

$65
98
138
210
300
335
361
371
360
342
299
252
212
171

130
90

$66
98
140

2 years 212
300

4 rears 333
357
367
355

8 Tears 335
296
250
210
170
129
90

Number of estimates 23 51 79 10 46 59

GENERAL DISCUSSION OF PRECEDING TABLES.

With few exceptions, the preceding tables indicate that calves

and old cows are cheaper in the Northeastern States, and that cows

between the ages of 4 and 8 are cheaper in the North Central States.

For all breeds, and for all classes of all breeds, the price of cows in

health is greatest between 5 and 7 years, with the maximum usually at

6. They are valued about the same at 4 as at 8. The explanation

for this may be that though the younger animals have before them a

longer period of usefulness, the older ones have already demonstrated

their worth. In all the tables the 14-year-old values for pure-bred

cows are much greater than for grades. This may be partly due to

higher average milk production, but it is undoubtedly more largely

due to the possibility that these cows may yet produce valuable calves.

The cow worth S80 at 3 years of age is given a birth value of about

$10, while the cow worth $100 at that age is given a birth value of

about .S12. Similarly the difference in value between the two classes

of pure-bred cows at 3 years of age is $100, while the difference in

v^alue at birth is in no case above $30, leaving a margin of at least

S70 to cover interest on larger investment, risk of a greater possible

loss, and any extra expense for feed or care.
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Table V.

—

Influence of age on values of dairy cows, shown in per cent of maximum value.

(Averages of 1,844 estimates by owners, hosed on arbitrary valu£s assumedfor a certain

fixed age.)

Age.

Grade cows worth S80 at 3 years of age. Grade cows worth SlOO at 3 years of age.

Holstein. Guernsey Jersey. Ayrshire. Holstein. Guernsey. Jersey, Ayrshire.

Birth
Per cent.

10
24
38
60
78
89
98

100
97
91
82
74
66
59
51
43

Per cent.

11

24
40
62
81
92

100
100
97
91
83
74
65
56
48
42

Per cent.

11

24
38
62
87
94
98

100
98
94
82
77
66
56
47
39

Per cent.

9
20
36
57
81
88
96

100
99
95
90
79
71

62
52
45

Per cent.

9
21
36
59
82
92
98

100
95
88
78
68
59
51
47
39

Per cent.

10
21

35
57
79

92
99

100
95
87
76
67
56
48
39
32

Per cent.

10
21
36
60
83
92
98

100
98
93
84
74
64
53
43

34

Per cent.

10

6 months 21

35
59
81
90
97

100
7 years
8 years

98
94
86
77
67
69
50
41

Number of esti-

mates 107 101 144 137 159 103 134 141

Age.

Purebred cows worth S200 at 3 years
of age.

Holstein. Guernsey. Jersey. Ayrshire.

Purebred cows worth S300 at 3 years
of age.

Holstein. Guernsey. Jersey. Ayrshire.

Birth
6 months
1 year
2 years
3 years
4 years
5 years
6 years
7 years
8 years
9 years
10 years
11 years
12 years
13 years
14 years

Number of esti-

mates. .......

Per cent.

24
34
46
62
78
91
98

100
96
89
80
69
59
50
41

32

Per cent.

22
33
45

63
78
90
98

100
96
89
79

70
69
49
39
30

Per cent.

18
27
41
61

80
91
98

100

Per cent.

17
27
39
57
76
88
97

100
98
93
85
75

63
51
39
30

Per cent.

26
36
48
66
86
94
99

100
95
87
76
64
56
45

35
27

Per cent.

23
34

95
100

Per cent.

17
25

38
59
85

94
99

100
94
87
76
63
61
40
30
21

Per cent.

18
27
38
58
82
91
97

100
97
91
81
68
67
46
35
24

137

Table V is a percentage table based on the data given in the pre-

ceding tables. It is believed that within reasonable limits the per

cent columns will be found useful in estimating the values of other

classes of dairy cows. For example, the per cent column foi* the

cow worth S80 at 3 years of age should be approximately accurate

for the cow worth $70 at 3 years of age, and the per cent column for

the cow worth $100 at 3 years of age should be approximately accu-

rate for the cow worth $110 at 3 years of age. On the other hand,

the per cent column for the purebred cow worth $300 at 3 years of
age, could not very well be applied to cows valued at twice the

amount at that age.
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AH classes of live stock vary in actual value from time to time, but

such variation does not greatly affect the relative value of the animal

at different ages. A cow worth $100 at 3 years of age when there

is a great demand for dairy cattle wiU be worth less at the same age

when there is smaller demand, but there will be a corresponding

fluctuation in value for all other ages. It is, therefore, believed that

the tables, especially the percentage table, will be found useful in

determinmg relative value according to age.

Figures 1, 2, 3, and 4 present in graphic form the data for each

class of all four breeds as given in Tables I, II, III, and IV. These

curves indicate that the difference in value between the various

classes of the same breed is greatest when the animals are in their

prime and least for calves and old cows. It is also clearly shown
that the curvature increases for each succeeding class from the $80

grade to the $300 purebred. This may be explained in part by saying

that the price of grade cows is influenced largely by production, that

the price of the $200 purebred includes production and registration,

and that in determining the price of the $300 purebred three major

factors must be considered, production, registration, and advanced

registry.

INFLUENCE OF AGE ON VALUE OF WORK HORSES.

Table VI.

—

Influence of age on values offarm work horses. (Averages of 147 estimates

by ovjners, based on an arbitrary value at prime.)

Birth
6 months.
1 year
2 years . .

.

3 years . .

.

4 years . .

.

5 years . .

.

6 years . .

.

Itaxlmuni
7 years . .

.

8 years...

Maxi-
mum
value,
$250.

63
96
142
1S5
220
242
248
2.50

247
241

Per cent
of maxi-
mum
value.

Per cent.

16
25
38
57
74

88
97

9years
10 years
11 years
12 years
13 years
14 years
15 years
16 years

Number of estimates

Maxi-
mum
value.

227
209
190
174
1.54

137
119

101

147

Per cent
of maxi-
mum
value.

Per cent.

91
84
76
70
62
55
48
40

Table VI shows the estimated influence of age on the value of farm

work horses, and the per cent that the value at any age is of the

maximum value. The estimates are for the farm horse worth $250

in his prime. This is a value much above that of the average farm

work horse, but the per cent columns may be used within reasonable

limits in determining the influence of age on the values of cheaper

farm horses. According to these figures the farm work horse roaches

his maximum value at some point between six and seven years of age.
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If still in health his value at 16 years is 40 per cent of his maximimi
value. At birth he is worth 16 per cent of his maximum value, and
there is little change in value between the ages of 5 and 9.

Figure 5 presents in graphic form the data given in Table VI.

This curve differs in some respects from the curves for purebred

*250

150
u

100

SO

o

1 r ^ 1 L r

(_ HORSES 1

A
„„,-- ' ^^

\
/

/ \
/ \

s.

//
! \ ' '

5 1 2 3 4 5 6 7 8 3 10 II 12 13 14 15 16
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Fig. 5.—Curve showing the influence of age on the values of farm work horses. (Averages of 147 estimates

by owners.)

dairy cows and is altogether dilEferent from the curves for grade dairy

cows. As compared with the values given for pure-bred dairy cows
of about the same maximum value, the birth value of horses is con-

siderably less, the age of maturity a little later, and the old-age value

somewhat higher.

WASHINGTON : GOVEKNMENT PRINTING OFFICE ; 1916
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INTRODUCTION.

Within recent years the policy of utilizing convict labor in road con-

struction or in the preparation of road materials has received serious

attention by State legislatures, and a number of the States are now
actively employing convicts on road work, while other States are

earnestly seeking information on the subject.

Among the many problems involved arc the following:

(1) Whether it is profitable to use convicts for road construction,

and if so, under what conditions;

(2) The systems of discipline and management productive of the

best results;

C3) The character and economy of structures and equipment best

adapted to conditions in various sections of the country;

(4) The character, preparation, and cost ^ of food;

' It must be borne in mind that all prices of foodstuffs, clothing, and camp e(iuipmcnl iicrcin f|UotPd

are those prevailing in 1915.

Note.—This bulletin Is int<;ndfd to givt; State ofllcials in charge of road work accMirate and coiniirelicii-

sive information on the use of convict labor for building roads.

53577°— Bull. 414— l(j 1
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(5) The steps necessary to secure proper sanitation and hygiene;

(6) The most suitable system of cost keeping and record

;

(7) Detailed and comparative cost data on every phase of the

subject.

As no single State can answer these varied and perplexing inquiries,

an exhaustive investigation has been conducted by the Office of PubUc
Roads and Rural Engineering in cooperation with the United States

Public Health Service during a portion of the calendar years 1914

and 1915. Personal visits were made to convict camps and confer-

ences were held with State highway and prison officials in the States

of New York, New Jersey, Virginia, West Virginia, North Carolina,

South Carolina, Georgia, Alabama, Florida, Mississippi, Louisiana,

Texas, Michigan, Colorado, New Mexico, Arizona, Utah, Wyoming,
CaHfornia, Washington, and Oregon. On these visits the most search-

ing inquiries and inspections were made covering administrative,

engineering, economic, disciplinary, and health conditions at the

camps.

These personal investigations were supplemented by correspondence

with prison and highway officials in all parts of the country, and in

addition many Government pubhcations, State documents, treatises,

and reference works were consulted in the preparation of this bulletin.

It is the purpose of the authors to cover as nearly as possible all

questions that might arise in connection with either the adoption of a

poUcy relating to the use of convict labor in road work or the actual

working out of such a policy. To this end a presentation and dis-

cussion of the principles involved, a digest of convict road laws, and

a discussion of every phase of operation are embodied in the bulletin,

together with specific detailed instructions for the carrying out of all

recommendations which the authors make.

In the course of the investigation muoh valuable and detailed in-

formation was obtained which could not be brought within the limits

of a bulletin. This information, however, is filed in the Office of

PubHc Roads and Rural Engineering, and inquiries which may not

be answered with sufficient completeness in the bulletin may be cov-

ered adequately by correspondence.

SYSTEMS OF CONVICT LABOR.

In order to weigh the relative advantages and disadvantages of

utilizing convict labor in public highway construction and other occu-

pations, a knowledge of the systems of convict labor in operation

is helpful. These systems, six in number, are known as the lease,

the contract, the piece-price, the public-account, the State-use, and
the public-works-and-ways systems, respectively, and are explained

as follows.
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LEASE SYSTEM.

Under this system the State disposes of its convicts to private

lessees, who agree to become responsible for guarding, clothing, feed-

ing, transporting, and giving medical attention to the convicts under

rules specified by the State. The lessees provide steady employment
for the convicts and pay to the State an agreed amount, the State

providing for adequate inspection to insure enforcement of its rules.

This system, formerly widely practiced, has been abandoned in all

States except Florida, and exists there in only a modified form. It

is therefore tmnecessary to set forth its intrinsic defects.

CONTRACT SYSTEM.

Under this system the State sells the labor of the convicts, but does

not relinquish its care or control. As generally practiced, the State

maintains an mstitution and guards, feeds, clothes, and houses the

convicts, and provides medical attention, while the contractor sup-

plies the raw material, superintends the work, and pays a stipulated

amount per capita for the labor. This system is now practiced in

whole or in part by the following 18 States: Alabama, Connecticut,

Delaware, Indiana, Iowa, Kentucky, Maryland, Missouri, Nebraska,^

New Hampshire, North Carolina, South Carolina, South Dakota,

Tennessee, Vermont, Virginia, West Virginia, and Wisconsin.

The contract system is an advance over the lease system, as the

contractor assumes the responsibility for profit and loss, the State

is assured a definite income, and the interests of the prisoners are

safeguarded by the prison officials. There is, however, a tendency to

conflict of interests and responsibility between the representatives of

the contractor and of the State. In addition, a most powerful objec-

tion to the contract system is advanced by organized labor and by
manufacturers, to the effect that its product comes into direct com-
petition with the product of free labor.

PIECE-PRICE SYSTEM.

This system differs from the contract system only in the manner
of pa>Tnont for and supervision of the work. The contractor,

instead of paying for the labor of the convicts, pays an agreed amount
for each piece or article manufactured. Usually under this system

the vStatc supervises the work, but this is sometimes done by tlie

contractor. Under the former plan the prison officials must possess

ability to manage the industrial as well as the penal features of the

work. At present this system is practiced in whole or in part in

Alabama, Connecticut, New Jersey, ^ and Rhode Island.

' The contract system is now being discarded in Nebraska in favor of llio Htatn-employinciit \>\an, and

experiments are being made witii roa^l and farm worl<.

« The piece-price system was aliolishwl in New Jersey liy act of tlio logi.slatun', iu llil I , Imt no fund was

providwl for any other system, hence it is still in force on a day-to-day hasis.
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PUBLIC-ACCOUNT SYSTEM.

Under this system the private contractor is eliminated entirely,

as the State, in addition to maintaining its own penal institution, con-

ducts all of the industries in which the convict labor is utilized, and
maintains its own selling organization to dispose of the product. The
principal difference between the piece-price system and the public-

account system is that in the latter the profit derived from convict

labor goes to the State instead of to the private contractor. This

system is now followed in whole or in part by the following 19 States:

California, Illinois, Indiana, Kansas, Maine, Massachusetts, Michigan,

Minnesota, Mississippi, New Mexico, North Carolma, North Dakota,

Pennsylvania, South Dakota, Tennessee, Texas, Washington, Wis-

consin, and Wyoming.

STATE-USE SYSTEM.

The only difference between this and the public-account system

lies m the disposal of the product, as under the public-account sys-

tem the product is sold and imder the State-use system it is

limited to the use of State institutions. This system is more widely

followed than any other, and is now in effect in whole or in part in

the States of Arizona, Arkansas, Colorado, Connecticut, Idaho,

Illinois, Indiana, Iowa, Kansas, Kentucky, Louisiana, Maine, Mary-
land, Massachusetts, Michigan, Mississippi, Montana, New Hamp-
shire, New Jersey, New Mexico, New York, Nevada, North Carolina,

North Dakota, Ohio, Oklahoma, Oregon, Pennsylvania, Tennessee,

Utah, Virginia, Washington, West Virginia, Wisconsin, and Wyoming.
A smaller measure of competition with free labor is involved in

this system than under those already described, and it encroaches

in a lesser degree upon the field of the private manufacturer. The
serious objections to the system are that the State institutions

require a great variety of articles, while the demand for each indi-

vidual article may be quite limited. Obviously, the State can not

equip its penal institutions to manufacture all of the articles used

by State institutions, and if it devotes its efforts to the production of

a few of such articles the demand may not be sufficient to furnish

full-time employment for the convicts.

PUBLIC-WORKS-AND-WAYS SYSTEM.

This system, which has been gaining ground in recent years,

involves the use of convict labor in the construction and repair of

pubhc buildings, pubhc highways, breakwaters, levees, drainage and
irrigation ditches, and similar works rather than in the production

of marketable articles or merchandise, and it is under this system that

the prominence of convict labor as a factor in highway improvement
finds its place. It can be seen readily that under this system there is
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less competition with free labor and none with manufacturers, but,

on the contrarj^, the creation of public utilities by means of con-

vict labor is more than hkely to give greater employment to free

labor and to create a greater demand for the products of the manu-
facturer. This system is now practiced in whole or m part by the

following 27 States: Arizona, Arkansas, Cahfomia, Colorado, Dela-

ware, Florida, Georgia, Illinois, Kentucky, Louisiana, Montana,

New Jersey, New Mexico, New York, Nevada, North Carolina,

Oklahoma, Oregon, South Carolina, Tennessee, Texas, Utah, Virginia,

Washington, West Vhginia, Wisconsin, and Wyoming.
The above hsb includes only those States in which prisoners of the

State penitentiary are being employed under the pubUc-works-and-

ways system and not those, such as Alabama, Maryland, Michigan,

and others, in which county convicts or prisoners of State institutions

other than the penitentiary are so used.

TREND OF THE WORK SYSTEMS, 1885-1915.

In order to mdicate the trend of convict labor mider the systems

above described, Table 1 has been prepared, in which the statistics

for 1885 and 1903-4 were compiled from annual reports of the Com-
missioner of Labor, and the statistics for 1914-15 were obtained by
correspondence conducted by this office with 186 of the 296 institu-

tions mentioned in the 1903-4 report of the Commissioner of Labor.

The statistics in the table are based upon the daily average number
of inmates enga'ged in productive work under the respective systems.

Ta-ble 1.

—

Convicts employed under various systemsfrom 1SS5 to 1915.

System of ^\ork. 1885

1903-4 1914-15

296 institutions. 186 institutions. ISO institutions.

Lease
Number.

9,104
15,670
5,676
14,827

Per ct.

20.1
34.6
12.5
32.8

Number.
3,6.52

16,915
3,886
8,530
12,045
6,144

Per ct.

7.1
33.1
7.6
16.7
23.5
12.0

Number.
2,925

12, 126
2,000
6,128
7,152
4,542

Per ct.

8.4
34.7
5.7
17.6
20.6
13.0

Number.
950

6,981
1,193

11,807
33, 805
11,063

Per ct.

1.4
Contract 10 6
Piece price 1 8

18.0
State use 51 4
Public works and ways - 16.8

Total 45,827

14,827

100.0

32.8

51, 172

26,719

100.0

h2. 2

31,873

17,822

100.0

51.2

65, 799

56, 675

100
Total of public-afcount,

State-use, and public-
works-and-ways sys-

86.2

In 1885 the State-use and public-works-and-ways systems were
not reported separately, as all such work was then classified imder
the publif>account system. Therefore, in order to render a com-
parison practicable, the table shows for each of the periods men-
tioned the total number of convicts employed for the benefit of the

State. It should ])c noted that the table shows quite cl(Mirly the



6 BULLETIN 414, U. S. DEPARTMENT OF AGRICULTURE.

decline in the number of convicts employed hj private industries

under the lease, contract, and piece-price systems, and the increas-

ing tendency to adopt those systems imder which the convict is em-
ployed entirely for the benefit of the State.

ROAD WORK FOR CONVICTS.

In much of the discussion of the proposition of road work for con-

victs, there is evident a popular behef that the employment of

convicts in the open air, which such work entails, is a radical depar-

ture from well-estabhshed principles and a development of very recent

origin. Nothing could be further from the truth. Such employ-

ment has been in practice at one time or another in all countries, and
among the ancient nations no other method of employment was
known. The ancient prisons were places of detention and torture

only; labor formed no part of their regimen. But there are numerous
references in history to the employment of prisoners of war and of

criminals on the pubhc works of the ancient kingdoms and almost

invariably these works were performed necessarily in the open air.

In fact, the provision of indoor labor is of comparatively modern
origin and dates back no further than the development of the work-

house in the sixteenth century, while the penitentiary, as now known,

is practically a product of the nineteenth century.

In America perhaps the earhest record of the employment of

prisoners on pubhc works is found in statute 29 of the Virginia Colon-

ial Assembly, enacted in 1658.

Somewhat later in the French colony of Louisiana, it is recorded

that ''Bienville, reappointed governor (1718), intending to found a

town on the river, set a party of convicts to clear up a swamp—the

site of the present city of New Orleans." ^

However, the criminal class in the majority of the colonies, with

the exception of those convicts who were sent to them by the mother
country as "servant criminals," was very small, and there seems

to have been no general system of labor as a punishment for those

convicted within their boundaries. Indeed, as aU who are familiar

with the colonial history of America are aware, the barbarous prac-

tices of tongue sphtting, branding, burning at the stake, whipping,

ducking, and exposure to the pubUc gaze in the stocks and pillory

were the methods most favored by the good colonists for the punish-

ment of their own offenders, and the number of crimes for which the

death penalty was prescribed was very large.

After the close of the Revolution, one of the earliest measures in

Pennsylvania ''was in the direction of reforming the Penal Code, and
in 1786 an act was passed providing that certain crimes, which until

1 History of the United States, by Rich and Hildreth, vol. 2, p. 281.
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then had been capitally punished, should thereafter be punished by
labor 'pubhcly and disgracefully imposed.' Under this law the

convicts were employed in cleaning streets, repairing roads, etc.,

their heads were shaved, and they were clothed in a coarse uniform." ^

But as will be noted, the motive which inspired this early experi-

ment in convict road building in the United States was wrong, and

its effect is best described in the words of "a most respectable eye-

witness," as reported by Wilham Crawford, esq., in his report

"to Lord Viscount Duncannon, His Majesty's principal secretary of

state for the home department" in 1834 on ''The Penitentiaries of

the United States." He said:

The directions of the law of 1786 were soon found to be productive of the greatest

evils, and had a very opposite effect from what was contemplated by the framers of the

law. The disorder in society, the robberies, the burglaries, breaches of prison, alarms

in town and country, the drunkenness, profanity, and indecencies of the prisoners in

the streets, must be in the memory of most . With these disorders the number of crimi-

nals increased to such a degree as to alarm the community with fears that it would be

impossible to find a place either large or strong enough to hold them. The severity of

the law and the disgraceful manner of executing it led to a proportionate degree of

depravity and insensibility and every spark of morality appeared to be destroyed.

For these reasons the law of 1786 was repealed and in 1790 the

first penitentiary in the United States was constructed in Philadel-

phia. All convi(it labor in the State of Pennsylvania was thereafter

performed within its walls.

Following this example penitentiaries were established in rapid

succession in Connecticut, New York, Virginia, Massachusetts, Ver-

mont, Maryland, New Hampshii"e, Ohio, New Jersey, Tennessee,

Kentucky, Maine, District of Columbia, Indiana, Georgia, and Illinois.

In 1834 when Wilham Crawford, esq., made his report to Lord Vis-

count Duncannon, the following were still without them: The States

of Rhode Island, Delaware, North Carohna, South Carolina, Alabama,

Mississippi, Louisiana, and Missouri, and the Territories of Florida,

Michigan, and Arkansas.

From the above classification it will appear that, in general, the

Northern and Eastern States were provided early with penitentiaries,

whereas the Southern and Western States had no such institutions.

The same classification may be made in respect to the system of labor

provided for the employment of the convicts. Whereas the Northern

and Eastern States adopted the contract and State-account systems

and employed their prisoners in indoor workshops, the practice of

leasing convicts to private persons for outdoor work was followed in

the South and West practically from the foundation of the Republic.

The reasons for these early differences are readily seen in the differ-

ent conditions and environment of the two sections—North and

' Report of the Commissioners on i'cnal Codo of 1'onn.sylvanla, p. 13.
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South. In the North the severity of the winter chmate rendered

much outdoor work during that season impracticable. If the con-

victs were to be employed the year round—and it was recognized

that they should be—it was necessary to provide the means of such

employment indoors during the winter season; and the institution

once estabhshed with provision for indoor work, the easy and obvi-

ous thing to do was to make use of it winter and summer. In the

South, on the other hand, it was thought by many persons that the

hot, summer climate would be unfavorable to the employment of

prisoners indoors during that season, while the mild climate per-

mitted outdoor work at all seasons. Conditions were the reverse of

those existing in the North and the pursuit of the same logic in the

two sections resulted in the two opposing methods.

In addition to the effect of the difference in climate upon the

employment of convicts in the North and South, respectively, indus-

trial conditions caused by the development of large ports and manu-
facturing centers in the North, as contrasted with the extension of

the plantation system of agriculture in the South, further accentuated

the tendency to indoor employment in the North and outdoor in the

South. In the North it followed logically that the convicts should be

employed in manufacturing, which was the prevaihng occupation of

the community. The industries were the manufacture of boots and

shoes, hollow ware, cooperage, harness, shirts, overalls, and other arti-

cles of trade. The same logic of conditions caused the working of the

convicts in the South at outdoor tasks, such as in the mines, in the liun-

ber and turpentine industries, in the construction of railroads, and, to

some extent, in farming. As has been shown from the early experi-

ence of Pennsylvania, the attempt to employ convicts outdoors in

the midst of a comparatively dense population brought about such

intimate contact of convicts and pubhc as to degrade the former and

seriously to affect the order and well-being of the latter. This objec-

tion could not be raised in the South, where the population was com-

paratively sparse and widely distributed on plantations and manors,

and where the convict, working out of doors, would fall under the

observation of only occasional travelers on the hghtly traveled

highways.

After the failure in Pennsylvania, convicts had been rarely used

in the United States on pubhc works until nearly 1880. In England,

the various attempts to abohsh the system of convict transportation

led somewhat earUer to the extensive and profitable use of convicts

in this way, notably in the construction of the Portland breakwater,

which was begun in 1848, and upon which an average of 1,000 con-

victs were employed for almost 25 years. In the United States

the first of the modern laws permitting the regular employment of
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convicts on public works appears to liave been passed by tlie leg-

islature of North Carolina in 1867. Tbis law provided for the em-

plo}Tnent of county convicts on county roads in case any county

should desire to use them. Subsequently similar laws were passed

m North CaroHna in 1873, 1875, 1877, 1879, and 1889. But the

first work attempted on a practical scale under these laws was con-

ducted by Mecklenburg County, in 1885.

Previous to this work had been begun by a few counties in the

States of Georgia and Tennessee; but, though there developed

immediately a considerable sentiment in favor of such employment,

the use of convicts on the roads in the South did not become
general until about 1890. Even then the convicts so employed

were county convicts, and in practically all of the Southern States

the State prisoners still were employed in other ways under the

lease system. .

About this time interest in the improvement of the roads of the

country having been stimulated largely by the advent of the bicycle,

the plan of using State convicts to accomplish the necessary work
was widely agitated, and this led to the settled policy in the

South of employing the convicts in that manner. For a time the

Northern and Western States rejected the idea upon the ground

that such labor would entail the degrading exposure of the convict

to the pubhc gaze, the same reason that had caused the abolition of

the plan in Pennsylvania in 1790. In 1893 the new road law in

Delaware provided for the purchase of a stone quarry and the prepa-

ration by the prisoners of stone for road work, and shortly after-

ward a more elaborate plant of this character was established at

Folsom prison in Cahfornia. New Jersey and New York also were

among the first of the Northern States to enter into work of this

sort. But the employment of prisoners in the actual construction of

highways in the North and West is a development of the last ten

years; and the reason which ultimately prompted the action in

these sections were not economic considerations as in the South, but

the desire to relieve the overcrowded condition of the penitentiaries,

to furnish employment that would conflict as little as possible with

the interests of free labor and to provide a particular form of employ-

ment for certain prisoners of the better sort.

Table 2 shows the number of prisoners and the percentages of

the total prison population employed in indoor and outdoor work,

and on road construction only, in the years 1885, 1903-4, and

1914-15, in a number c)f representative institutions in the United

States. The figures for 1 885 and 1 903-4 were taken from the reports

of the Bureau of Labor and those for 1914-15 were obtained by cor-

respondence. In this table, as in Table 1, the figures for the latest
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period represent only 186 of the 296 institutions included in the fuU

report for 1903-4; but a comparison on the basis of identical insti-

tutions is made possible by the inclusion of the third and fourth

columns of 1903-4.

This table shows that, though the proportions of convicts employed

in indoor and outdoor work have not changed greatly since 1885, the

numbers and percentages of convicts employed in road work have

steadily increased from 584, or 1.3 per cent of the total convict popu-

lation represented in 1885, to 8,341, or 12.7 per cent of the convict

population represented in 1914-15. That the percentage of prisoners

engaged in outdoor work has not increased correspondingly may be

due to the partial substitution of road work for railroad building,

lumbering, the turpentine industry, farming, and other forms of out-

door work.

Table 2.^Convicts employed in indoor and outdoor xvorh and in road luorh in 1885,
1903-4, and 1914-15.

Employment.

1903-1

1914--15

296 institutions. 186 institutions.
186 institutions.

Number.
28,280
16,997

Perct.
62.5
37.5

Number.
28, 479

22, 693

Per ct.

55.7
44.3

Number.
19,967
14,906

Per ct.

57.3
42.7

Number.
36,036
28, 593

Perct.
55.8
44.2

Total 45,277 100 51,172 100 34,873 100 64,629 100

584 1.3 3,508 6.8 2,497 7.1 8,341 12.7

A number of the States are now using convict labor in the construc-

tion of roads largely because present conditions have forced a change

in the old methods of employing the prisoners, and it is probable that

other States, sooner or later, will find themselves in the same position.

In the South the sentiment against the leasing of convicts has

reached the point where it was imperative to evolve some other sys-

tem. At the same time most of these States were inadequately

equipped for the housing of the entire convict population, and in a

few there were no State penal institutions at all. Under these

circumstances it was impossible to provide indoor work of any char-

acter for all the convicts, and, as in those States there is a pressing

need for the improvement of highways, the employment of the con-

victs in highway construction has seemed to offer the best solution

of both problems.

Throughout the country the opposition by skilled free labor to

the direct competition of convict labor in the manufacture of trade

articles has become so pronounced as to make the abandonment of

such competitive work almost necessary, and the adoption of either,

or both, the State-use system and the pubUc-works-and-ways system
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has seemed the only alternative. Experiment with the State-use

system in a nmnber of the States has revealed the fact that large

prison populations can not be employed conveniently at full time

under the system alone by reason of the limited demand of the

State institutions and departments for such articles as the prisons

can be equipped to manufacture. Hence prison officials have been

forced to look to road work, farm work, or similar outdoor labor

to find a medium for the employment of their charges.

In a number of States the large increase in the criminal population

has resulted in the overcrowding of the old penitentiaries ; while, in the

Ught of modern knowledge of sanitation, some institutions have been

found to be a menace to the health of their inmates. Road work or

other outdoor employment seems to offer the best solution of these

problems of sanitation and health.

Finally, the general impression is that convict road labor is cheaper

than the same class of free labor, and there is a consequent demand
for such labor on the part of counties and smaller political units with

Hmited funds for necessary road work at command.
In aU of the States one or more of these conditions exist, and in a

number the resort to the employment of the convicts on road work has

proved satisfactory, both from the economic and from the humani-

tarian standpoint. The scheme has both valuable and objectionable

features, the most important of which are detailed below, but a fuU

consideration of its ad'vantages and drawbacks seems to show that

such employment for at least a part of the prisoners of all the States

might be provided with good results.

Of all the advantages that are urged in favor of road work as an

occupation, that which carries the greatest force is that such work
imdoubtedly is more healthful than any form of employment which

may be provided in a prison shop. Hard manual labor, in close touch

with nature and its fresh air and sunshine, is universally recognized as

most beneficial, while continuous dwelling within doors, with only

such periods of exercise in the open as it is convenient to allow, is a

most unnatural life for all but a smaU proportion of the State's pris-

oners, and is observed to have a depressing effect upon the vitality of

most of the convicts, with no marked good effect upon any of them.
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Table 3.

—

Classification of convicts in 22 representative States according to emploijment
prior to arrest.

Name of State.

Percentage of total population by occupations.

Profess-
ional.

Mer-
chants
and

trades-
men.

Outdoor
laborers,
skilled
and un-
skilled.

Shop
workers
and in-

door
laborers.

Unem-
ployed.

New England group:
Cormecticut
New Hampshire. -

.

Middle Atlantic group:
New York
Peimsylvania
Maryland

Southeastern group:
South Carolina
Georgia
Louisiana

Middle Western group:
Illinois

Indiana
Iowa
Mumesota

Western group:
Montana
Idaho
Wyoming
Utah
Oregon
Colorado
New Mexico
Arizona
California
South Dakota

Average by States 7.43 3.75 23.09

1

0.23

The desirability of providing open-air work, as on roads, is enhanced

by the fact, shown by the prison statistics of practically all States,

that a majority of the prison inmates are of the laboring class or of

those classes whose habits of life prior to conviction kept them much
of the time out of doors, engaged in occupations similar to those

afforded by the various phases of road work. As an indication of

the strength of this argument , Table 3 has been prepared, based upon
the latest reports of the penitentiaries in the 22 States which were

selected as typical of conditions in the various sections of the coun-

try. All convicts in these States have been grouped into five classes

according to their occupation prior to conviction, namely: Pro-

fessional; merchants and tradesmen; outdoor laborers, skilled and
unskilled; shopworkers and indoor laborers; and unemployed.

The table shows that an average of practically two-thirds of the

inmates of the institutions represented were engaged in outdoor

occupations, that about one-tenth belonged to the professional and
mercantile classes, and that only about one-fourth of aU the con-

victs were fitted to endure the confinement of life in penitentiary

shops. Upon members of all but the fourth class, then, such confine-

ment has an undoubted physically degenerating effect, and particu-
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larlv leaves the outdoor laborers luifitted to resume their foi-mer

work after discharge.

Aside from its deleterious physical effect, the monotony of prison-

shop labor has a tendency to reduce the mental activity of the inmate

unused to such life, and upon release many of the members of the

professional and mercantile classes find themselves no longer able to

keep pace with their more alert competitors. Work on the roads

offering, as it does, a variety of employment has no such degenerative

mental effect, and for this reason is better than shopwork as an occu-

pation for about three-fourths of the prison population.

But leaving entirely out of the question the superior mental and
physical advantages of road work or similar outdoor work, a majority

of prison officials favor such work for the reason that it removes the

convict as far as possible from competition with free labor. It is true

that no matter what form of employment be adopted for prisoners,

imless it be entirely unproductive, the interests of free laborers will

be affected to a greater or less extent; but, by reason of the fact

that it is performed in the interests of the public only, that it enriches

no private employers of labor to the injury of the free laborer, and
that its product is not placed on competitive sale with that of free

labor, road work is certainly no more injurious to the interests of the

latter than such work as is performed under the State-use system.

What is more, in many localities the convict is not depriving the free

laborer of work, since much of the road work performed by convicts

could not be undertaken at all, for financial reasons, if it were neces-

sary to employ free labor.

Another very important consideration in regard to road work is

that it is extremely productive to the public. No field can be selected

in which the expenditure of prison labor can be applied with greater

benefit to the States, for the reason that, as a whole, there is no greater

public need than the improvement of the highways. It is true that

the value of such labor can not be measured so readily in dollars and
cents as the industrial labor within the penitentiaries, but there is every

reason to believe that, properly conducted, the road work may be
carried on with as much efficiency as the penitentiary industries,

while the former has the additional advantage of requiring no sale or

transfer to place it in public use. At this point let it be noted that,

although the con\'ict's labor, so applied, may be of very great benefit

to the State, it also is of benefit to the convict himself in that it

brings to him the realization he can not grasp in the prison-shop

grind, that he may be of real importance in life as a producing agent.

Through the promotion of his self-esteem in the useful works of the

fonstructif)n ramp, there is (Toated the desire to merit the good

opinion of his fellows, wifhonf which nifoirnation is impossible.
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When, as practiced in a number of States, assignment to the road
camp is reserved as a reward for those prisoners who have proved in

close confinement their merit and good intention, the reformative

value of the road labor is further enhanced by the progression from
the restriction of bars and locks to the freer regulation of the camp.
By doing away with all marks of degradation, such as stripes and chains

and shaven heads, by permitting the exercise of more and more
initiative, and the granting of an increasing degree of freedom as the

ability to use it properly is manifested, the very publicity of the con-

vict's position on the roads is transformed from a mark of disgrace

to an acknowledgment of the confidence of his keepers; and by
practice in self-restraint and proper living under guidance in the camp
he is fitted to live a Hfe of similar circumspection after discharge.

That such is the actual effect of the employment of convicts on the

roads is the testimony of all prison officials who have employed such

-a system and who point out that the number of recidivists in their

populations is markedly reduced.

Finally, as imphed above, it is possible to make the road work,

when carried on in conjunction with other industries inside the waUs, a

very useful factor in the discipline of the penal institution. All

prisoners appreciate the opportunity of working in the open under

conditions which are not disgraceful. Therefore the assignment to

the road camp may be regarded as a reward, while withdrawal from
it and return to the walls is regarded by all prisoners as a severe pun-

ishment. By the proper granting and withdrawing of this and
other rewards which will be discussed in a succeeding chapter, and

only by so doing, can corporal and severe punishment of all descrip-

tions be eliminated.

Against the advantages outlined above, the opponents of road

labor urge the following objections

:

It exposes the convict to the public gaze and not only advertises

his shame, but has a tendency to harden the public feeling by per-

mitting it to grow accustomed to spectacles which constantly suggest

crime. This objection is advanced not by sentimentalists only, but by
men among the most thoughtful and experienced of prison officials

and students of penology in all civihzed countries. At the Inter-

national Prison Congress at Budapest in 1905, where the question

of open-air occupation of prisoners was discussed by experts from

all nations, the conclusions were summarized in brief form as follows :

^

It will be noticed that the Congress has committed itself in favor of working prisoners

in the open air as far as possible, but under very rigid conditions and with careful

restrictions. It is very dangerous, in introducing a reform, to caiTy it too far and to

break it down by wrong methods. All the best authorities, for example, insist that

prisoners working outside the prison ought never to be brought in contact with free

1 "Notes on Outdoor Labor for Convicts." Chas. R. Henderson.
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laborers and with, the general public . They give reasons for this position . If prisoners

are set to work on public roads or streets of cities where people are' constantly passing,

they must be chained and guarded by men armed with, deadly weapons. If the

weapons are used in places where citizens pass, there is danger of killing the WTong

person. Nothing can be more degrading to a prisoner, nothing more hardening to the

public feeKng, than the pubHc punishment of convicts.

These conclusions carry the weight of the highest authority; but

it should be noted that they are directed only against the employ-

ment on the roads of that class of prisoners which can be so employed

only when secured by chains and armed guards. It is generally

conceded that any successful employment of prisoners depends

upon their proper classification and the adapting of the labor imposed

to the needs and ability of the individual convict; and for those pris-

oners who can be employed in public under proper conditions road

work offers a convenient, productive, and beneficial occupation. It

is beHeved, however, that the foregoing objection is valid when
apphed to the indiscriminate employment of convicts in public.

The second objection, which also carries force when apphed to any
system of outdoor labor which does not include a classification or

grading of prisoners according to character, habits, and ability, is that

tlie congregate life of the road camp exposes the better convicts to

the physical, mental, and moral contanunation of their more depraved

associates. However, this objection, like the first, is not directed

solely against road labor and can not apply to such labor when con-

ducted under proper conditions.

A third objection is to the effect that road labor is not suited to the

abihty or physical strength of all prisoners, and that there is a class

of prisoners, such as physicians, lawyers, merchants, clerks, whose
previous habits of life entirely unfit them for such work, who will

never apply such manual experience after release and who may
receive actual physical injury through such employment. Table

3 shows that this class does not form more than 20 per cent of

the entire prison population of any State Hsted, that in many the

proportion is far below that, and that the average for aU States

included in the table is only about 10 per cent. Therefore, this

objection also can apply only to the indiscriminate employment of all

prisoners on road work, and. can not be held against any system

which provides for the careful classification of prisoners and the

subjection to road labor of only those who are found to be fitted for

such work.

The fourth, a more serious objection to road work than any of the

foregoing, is that such work, in common with other forms of outdoor

employment, affords much greater opportunity for escape than does

any form of indoor employment. To offer this greater opportunity

to prisoners weak in self-control is to phuie before them a temptation

they can not well resist; and to subject them to the possibility of

53o77°—Bull. 414—16 2
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being shot if they yield to their uncontrollable impulses, is unfairly

to place their lives in jeopardy. However, the seriousness of this

objection is minimized by a proper selection of the convicts who
are to be detailed to the road work. Under the present generally

prevaihng system, judges are compelled to impose defirdte sentences

and when such a sentence has been served the prisoner is released

regardless of his fitness again to take his place in society. It

would seem therefore that the escape of a prisoner thus arbitrarily

sentenced may not be much more dangerous than his premature

release at the expiration of an irrationally determined period of

imprisonment. It must be understood that this is not a criticism of

the trial judge^but of the system which requires the imposition of the

definite sentence rather than an indeterminate sentence.

A fifth objection is that road work can not prove to be a solution of

the prison-labor problem because it is impracticable to provide such

employment during the winter. This objection does not apply at all

to the employment of prisoners in most of the Southern States, for in

those States the cHmate is sufficiently mild to make road work possible

at all times. In the North and West the climate may present a serious

obstacle, for it would not be good economy to maintain the addi-

tional equipment necessary for the indoor employment of large bodies

of men to be used only a few months in the year. But to road v/ork

as it can best be used in the Northern States—that is, as an employ-

ment for a smaU number of picked men who are assigned to it as a

reward—there can be no greater objection than to farm work or

other forms of outdoor industry, and for such smaU. numbers of men
work aUied to road construction, such as rock crushing and the manu-
facture of concrete culvert pipe, which can be performed during the

winter, may be provided conveniently and at small expense.

The sixth and seventh objections are closely alhed with each other.

Tlie former is that outdoor employment, particularly on road work
involving frequent moving of the men and their camp equipment,

entails a larger expense for the maintenance of the prisoners than

work conducted within the penitentiary. This objection is frequently

pointed out by penitentiary officials upon whom falls the responsi-

bnity for the expenditure of prison funds.

The seventh is usually suggested by the highway commissioner or

supervisor, who is responsible for the road labor of the convict, and

it is that such use of convicts is economically bad, because the same
work frequently can be done at less expense by free labor, on account

of the comparative inefficiency of the convict labor. Both these ob-

jections lose much of their force when it is considered that in some

States it is a question not whether the convicts shall be employed on

road work or any remunerative work, but rather whether the con-

victs shall be maintained in idleness or placed upon the roads; while
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in other States the work done under the State-use system, the only

other system which does not conflict directly with the interest of free

laborers, is found to be even less efficiently performed than is the road

work. Furthermore, except in those sections where the wages of free

laborers are exceptionally low or the efficiency of such labor excep-

tionally high, there seems to be no good reason why road work can

not be accomphshed by convict labor at considerably less expense

than by free labor.

EFFICIENCY AND ECONOMY OF CONVICT LABOR.

The relative efficiency of convicts and free men as road laborers is

a phase of the convict problem of particular interest. Unfortunately,

it is also a phase upon which it is practically impossible to develop

precise information. Manifestly, an entirely fair comparison can be

made only where both classes are employed in like localities under

exactly similar conditions. This is rarely possible, because convicts

and free men are seldom employed together, even on different sec-

tions of the same road where conditions might be assumed to be

roughly identical, but by making proper allowance for differing con-

ditions it is sometimes possible to form reasonably accurate estimates

of the comparative value of the two classes of labor. Estimates of

this sort are not wanting, but in their bearing on the general question

of the efficiency of convict labor they serve to confuse rather than to

illuminate, for they rate the relative efficiency of the convict at from

50 to 150 per cent of that of free labor.

By assembling a number of such estimates from different localities

and under different conditions it is possible to arrive at a composite

figure which will represent the average relative efficiency of convict

labor throughout the localities represented. An estimate of this sort

was made by the United States Bureau of Labor and published in the

Twentieth Annual Report of the Commissioner of Labor in 1905.

The data for that estimate were secured by agents of the Bureau of

Labor from prison officials, foremen, contractors, lessees, and from

omployiTS of free labor in the localities in which convicts wore cm-
ployed. As a result of this survny, it was found from a total number
of 111 estimates in regard to highway construction in the States of

California, Connecticut, Florida, Georgia, Kansas, Michigan, Minne-

sota, Missouri, N(5W Jersey, N'sw M(!xico, N(»w York, North Carolina,

Oregon, Pennsylvania, South Carolina, Texas, Virginia, Washington,

and the District of Columbia, that the labor of 3,522 convicts was
equivalent to that of 3,481 fn^e laborers of av<Tago skill, woi'kiug thc^

same numb<;r of hours per day. But that such general estimates

are of little value in the consideration of particular cases is wc^ll

illustrated by the fsu-t that if tlio estimates for the States of Cali-
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fornia, Connecticut, Kansas, Michigan, Minnesota, New Jersey, New
Mexico, New York, Oregon, Pennsylvania, and Washington, in

which a majority of the convicts are white, are separated from

those for the southeastern States, where the majority of the convicts

are negroes, it is foimd that in the former section 355 convicts were

estimated to be equivalent to 174 free laborers, which would indicate

a relative efficiency of each convict of only about 49 per cent, whereas

in the southern States it was computed that the labor of a daily

average number of 3,167 convicts could not have been performed

with less than 3,307 free laborers of the same States, indicating that

the convicts of that section, under the direction given them, accom-

plished approximately 5 per cent more than the free laborers.

Because of this extreme variability of the relative efficiency of

convict labor and free labor, a study of the causes which bring

about a difference in the efficiency of the two would seem to be more
profitable than an attempt to indicate by figures the amount of the

difference. These causes are of two classes, the first being found in

the character of the convicts and free men considered as individuals,

and the second in the organization and control of groups of each

kind of labor.

Considered as an individual worker, it seems to be generally assumed
that the average convict is less efficient than the average free worker.

As a class they undoubtedly possess a lower order of intelligence and
less initiative, abifity, and willingness in the performance of honest

work than free laborers. Of course, there are as wide diffeiences in

character among convicts as among free men, and many convicts

prove themselves to be the equals of the best free laborers. But a

larger number, by nature possessed of normal ability, seem to have
permitted their faculties to become dulled through long careers

of idleness, viciousness, and crime; some are mentally or physi-

cally defective, and thus imable to compete on a parity with free

labor; and others, abnormally quick and intelligent, are shrewd

enough to evolve all sorts of schemes to avoid work which is dis-

tasteful to them. While the foregoing remarks are true with respect

to convicts as a class, it should be noted that the negro convicts

of the South are generaUy conceded to present an exception to the

rule. Other conditions being equal, they are regarded by all those

best qualified to judge as more efficient workmen than the available

free labor of the same section. The reason for this condition is

probably found in the fact that the best classes of negro laborers are

not generally obtainable for road work, and that when the negro of

criminal tendency falls into the hands of the law he is compelled to

five a regular and healthful life, which results in his marked physical

improvement, while the fear of punishment produces a respectful
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attention to the orders of the overseers, and a wilHngness to do

more work than money vi^ould induce him to perform.

In certain sections, notably in the South, the convicts are drawn

largely from previous occupations involving the performance of a kind

of labor similar to that required in road work. On the other hand,

prisoners of other sections are derived to a much greater extent from

the shops and factories, and far fewer of them from the outdoor occu-

pations. For example, Table 3 shows that in New England and the

Middle Atlantic States the average proportion of convicts derived from

professional pursuits and from the ranks of the merchants, tradesmen,

shop workers, and indoor laborers was 42.8 per cent. The occupa-

tions of these men prior to conviction were totally dissimilar to the

work of the road camp" and in general they do not make efficient

road laborers. In the southern States represented, however, it will

be obsei-ved that the average proportion of convicts belonging to

these same classes was only 16 per cent, the remaining 84 per cent

being derived from the class of outdoor laborers to whom road work
is more or less familiar, and who are best fitted by nature to perform

the hard manual labor which it involves.

The second class of causes explaining this difference between free

and convict labor includes those factors in the organization of con-

victs into working groups, in their discipline, and in the means
adopted for effecting their security, some of which tend to promote

the efficiency of the convict force as compared with the free-labor gang,

and others which tend toward relative inefficiency. It is probable

that these factors are more important in determining the efficiency

or inefficiency of convict labor than is the factor of individual effi-

ciency.

In comparing the economy of convict and free-labor gangs, consid-

eration must be given to the facts that the daily expense of a convict

to the vState is much less, as a rule, than the daily wage of free labor,

and that even though the convicts be actually less efficient than the

free laborere, man for man, it is possible that the work of the convict

gang may be more productive than the free-labor force at the same
cost. This difference between the cost of maintaining the convict

and the wage of the free laborer is the greatest economic advantage

of convict labor, and the extent of this advantage in a number of the

States is indicated by comparison of columns 9 and 17 of Table 4.
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The only other important economic advantage of convict labor over

free hibor is that the force is absolutely dependable so far as numbers

are concerned. Plans for work can be made in advance with a sure

knowledge that the anticipated number of laborers will be on hand
to execute them. There can be no tardiness in the convict camp
such as is frequently the fault of free labor, and, furthermore, the

regularity of the force enbles a competent overseer to develop the

maximum efficiency of each man to an extent which is not possible

with shifting free labor.

But this latter quahty which, in one respect is an advantage, in

another is one of the most serious defects of convict labor. The
constancy which makes the force dependable in attendance and

which permits the overseer to provide each man with the work best

suited to him, prevents altering the size of the force with changes

in the requirements of the work. The force is constant and must be

constantly maintained, whether the work justifies it or not. Dirring

the delays incident to the failure of road or quarry machinery, the

belated arrival of road material, difficulties in acquiring right of way,

the opening of new sources of road surfacing material, high water

in quarries or gravel pits, and other unavoidable causes too numerous

to mention, the whole or a part of the force must be maintained in

relative idleness. On Sundays and hoUdays and during bad weather

the continuous expense of the convict camp goes on. In addition to

these losses the sick must be maintained though they are entirely

unproductive, and this loss amounts to from one to five per cent.

The above concerns the losses in the time of the productive

labor of the camp, but part of the squad employed in preparing

food and maintaining the camp is necessarily always unproductive

in units of road work. The proportion of the force so employed

varies from 7 to 17 per cent, and the average is about 10 per cent.

Thus taking into account only the losses which can be anticipated

with reasonable accuracy and omitting from consideration those

which are incident to unavoidable failures in the work, the cost of

maintaining one productive road laborer one working day will be

found to be from 40 to 50 per cent greater than the maintenance

cost per convict per calendar day. Table 4 contains data secured

by representatives of this office relative to the itemized cost of main-

tenance and the time lost for the above mentioned reasons. In a

number of instances the figures given are necessarily estimates

because accurate records were not at hand, but it is believed that

they are the best estimates obtainable. The effect of the lost time

upon the maintenance cost will be apparent at once by comparison

of columns 9 and 1 6.

Aside from tlie large loss through enforced idleness there are a

number of other causes of inefficiency duo to the very fact that the
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laborers are convicts. Among the most important of these is the lack

of a sufficient incentive to induce the convict to labor dHigently. Even
among free laborers the man who works for the pure love of his work
is in a decided minority. These thoughts do not animate the convict.

He has no fear of losing his position, and he is aware that he will rarely

be punished for the small procrastinations which he knows well how
to practice. Indeed he is very sure that his guards and keepers

expect him to be inefficient in a small way, and that he will not forfeit

his good time for any but flagrant violations of the rules or open

disobedience to orders. He prefers to work rather than to remain

in absolute idleness, but he takes his work as a pastime and seldom

permits it to become irksome. He sets his own pace and there is

a comparatively smaU percentage of ambitious workers among con-

victs, such as set the standard of work for the less ardent among free

laborers. He frequently feigns sickness to avoid work, and often in

such a way as to defy detection. He becomes surly and unruly when
worked beyond his will so that his keepers often are forced to lower

their standards, in order to avoid the too frequent administration of

punishment. The investigators witnessed an example of this sort in

an eastern State, where a squad of convicts engaged in grading was
found divided into two gangs of pickers and shovellers respectively.

The shovellers rested while the pickers worked, and vice versa, which
amounted to the employment of the entire squad only one-half

the time. When questioned about this practice the superintendent

rephed: "It is impossible to work the men economically because

they would become dissatisfied and we would have to be sending

them back to the penitentiary continually." Corporal punishment
is forbidden in this State, hence to administer punishment means to

return the men to the penitentiary. Though this is an extreme

example, all who have worked convicts know that it is only possible

to overwork them by the introduction of actual cruelty into their

discipline, and that in general the only men about a convict camp
who are hkely to be overworked are the foremen and the superin-

tendent.

This lack of incentive may be overcome to a great extent by a

system of reward for earnest effort, as explained elsewhere in this

bulletin.

Another fact which precludes the possibiUty of developing the con-

vict squad into as efficient an organization as the free-labor gang is

that in the former it is impossible to eliminate completely the incom-
petent worker. As stated, there are differences in abifity among con-

victs as among free laborers, but whereas in the employment of the

latter it is possible, by selection, to raise the plane of efficiency of the

organization to a high level, the incompetent convicts generally must
be carried along with the relatively competent, and the efficiency of
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the organization suffers by the presence of diseased and crippled

convicts, incapable of performing a man's work, and those who, by
reason of idleness or self-mdulgence prior to conviction, are physically

soft and inexperienced. The presence of these undesirables, from a

labor standpoint, seriously hampers the development of an efficient

organization.

A further source of inefficiency is frequently found in the difficulty

of securing superintendents and foremen who combine the qualities of

judgment and tact in the management and control of the convicts,

and of skill and ability in road construction. The attempt to avoid

this difficulty by the employment of two set of officers frequently is

rendered abortive by the creation of friction between the two branches

of control. Often the difficulty of securing competent superintend-

ents is increased by the fact that candidates must be acceptable not

only from the standpoint of their qualffications as road buUders and

guards, but also in respect to their political comiection, and usually

the salaries offered to candidates are so low as not to attract men of a

high order of ability. These various difficulties frequently result in

the selection of incompetent officials, superintendents, and guards,

and such a step is invariably reflected in the low plane of efficiency

of the convict force.

Much of the inefficiency of convict work results from the use of

guarded convicts upon that type of road, which for its most econo-

mical construction requires a very flexible force. The construction

of top-soil and sand-clay roads can not be satisfactorily done with

gang labor, but requires a force readily divided into small units. In

dealing with guarded convicts it has been found that one guard can

successfuUy handle as many as 1 5 men when the character of the work
will permit the organization of squads of that size. Grading, quarry-

ing, and the construction of macadam roads afford such an oppor-

tunity, but the less continuous and more widely distributed work on

the cheaper road surfaces prevents the use of such large squads.

That this factor is of more than mere theoretical interest is evidenced

by the records of the Virginia Highway Commission. In this State,

where the convict road force is managed as well as in any State in the

Union and with a lower maintenance cost than in any other State, the

records of the cost of road work during the period from 1909 to 1915,

inclusive, as given in Table 5, show that while the work of grading

and the construction of macadam roads were conducted to consider-

a>)le advantage with convict labor, the convicts employed in the

building of gravel roads were able to show only a slightly lower cost

per mile than free laborers employed on the same class of work, whilo

the average cost of sand-clay and soil roads was nearly 45 per cent

higher. These records confirm tin; opinion of many engineers and

foremen that the use of convict labor on the light work ordinarily
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carried on by the counties of the southern States is a mistake. In

the interest of economy it would be better were all this work done by

free labor and the use of convicts confined to heavier construction

and grading. But if convicts are to be used at all on such work

they should, without doubt, be honor men, who may be organized

into a fairly mobile force.

Table 5.

—

Showing comparative mileage and cost of various types of road constructed

in Virginia by convicts and by free labor.

[Based on 12-foot wldtb of surface.]

MACADAM ROAD.

By convict labor. By free labor.

Year.

Mies. Total cost.
Cost per
mile.

Miles. Total cost.
Cost per
mile.

1909 45.41
53.52
56.77
48.27
91.11
69.46
76.48

S203, 662. 85
2.33,314.57

19.5,671.52

218, 589. 38
368,570.96
286,65.5.65

303, 110. 76

S4, 484. 98
4,359.39
3, 446. 74

4,528.47
4, 045. 34
4, 126. 92
3, 963. 27

18.26
81.25
67.90
95. 57
85.87
81.13
82.83

S89,050.78
401, 905. 83
336,369.88
551, 475. 04

484, 343. 59
372, 743. 46
376, 761. 99

.S4, 876. 82
1910 4, 946. 53
1911. 4, 953. 90
1912 5, 770. 38

5, 640. 42
4, 594. 40

1913
1914
1915 4,494.36

Total average 441. 02 1,809,575.69 4,103.16 512. 81 2. 612. a50. 57 5,094.77

GRADIXG.

19U
1912
1913 : . - . -

1914
1915 -

Total average

1.60
24.34
3.73
3.32

38.09

71.08

S3, 043. 30
29, 946. 12

4, 711. 97
3, 185. 82
69,639.04

?1, 902. 06
1, 230. 33

1, 263. 26
959.58

1,828.28

110,526.25 1,554.95

71.2-5

190.23
94.43
141.39
173. 2P

670. 50

$169, 577. 77
618, 885. 49
178, 547. 12
222, 454. 73
291, 379. 22

1,480,844.33

82,380.04
3, 253. 35
1, 890. 79
1, .573. 34

1, 682. 33

2,208.57

GRAVEL ROAD.

1909
1910
1911
1912 -

1913
1914
1915.

Total average

25.20
32.50
25.69
7.89

55.05
45.51
22.60

214. 44

$32,289.37
39, 433. 40
29,4.54.37

11,708.11
67, 556. 69
74,659.92
41,419.38

$1,281.32
I 1,213.33
1,146. .53

1,483.92

I

1,227.19
1,640.51
1,832.71

296,-521.24 1,382.77

8.86 Sll,539.82
49.94 61, 066. 18
66.68 85,098.10
59.74 75,475.23
64.13 80,780.97
71.85 128,801.69

103. 96 221,083.36

425. 16 663,845.35

81,302.46
1,222.78
1, 276. 22
1, 263. 40
1. 259. 64

1. 792. 65
2, 126. 62

1,561.40

SAND-CLAY AND SOIL ROAD.

1909
1910
1911
1912
1913
1914
1915

Total average

16.91
24.96
39.92
90.21

101. 44
218. 90
174.33

666. 67

$5,251.48 $310.55 49.57
17, 613. 08 705.65 111.01
28,080.65 703. 42 174.97

53, 811. 71 596. 51 195. 37
69,314.40 683. 30 345. 60
148,161.87 676. 85 479. .34

153, 064. 83 878. 02 408. 94

477, 298. 02 715. 94 1,764.80

$24, 463. 59
48,290.23
69, 629. 81
83, 638. 53

169, 492. 43
2.51,676.08

227, 344. 16

874, 534. 83

$493. 52
435. 01
397. 95
428. 11

490. 43
525.04
555. 93

495. 54

Another veiy important factor in determining the economy of a

convict force is the population of the camp and its adjustment to the

work to be done, but it is a factor which is overlooked frequently,
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with resulting inefficiency and failure. Among the considerations

entering into the determination of the most effective size of camp
are the character of the work, the size of squad that can be safely

handled by a guard or foreman, the number of camp men necessary

to prepare food and keep the camp in order, and the nature and con-

venience of the camp buildings and equipment. A camp whose only

operation is grading should not be so large as one which is designed

to carry along the grading of a road, quarrying and crushing stone,

and surfacing all at the same time; but whatever the work, the size

of the camp should be properly proportioned to it, and if the working

force be too great or too small inefficiency is sure to follow. Also,

it is evident that if one guard or foreman can safely control 10 con-

victs, a working force composed of any number of men not a multiple

of 10 is to a certain extent an uneconomical force, since in that case

one guard would have a squad of less than 10. Not less than two

men are required to cook and care for even the smallest camp, and

no more than two are required for 20 men. Furthermore, the over-

head charges for superintendence, engineering, and bookkeeping are

but httle if any larger for 40 or 50 men than for 20, and the per

capita cost of these items decreases as the population increases. The
maximimi limit is reached with the largest population for which

the superintendent can assume responsibiUty successfully. Between
the minimum and maximum hmits the most effective population, in

any case must be determined by trial and observation ; but it is

Hkely that under average conditions this will be found to be about 40

or 50 men. In many of the smaller southern counties the number of

convicts on hand at one time is not more than 20 who must be em-

ployed either inefficiently on the roads, or at some less desirable

occupation, or else maintained in idleness. Under the present laws

in many of the States this condition must be endured, but it might

be remedied by the enactment of laws placing county convicts under

State control and employment.

Finally, the employment of short-term men invariably results in

ineffective work. Since to harden and instruct the recruit requires,

in the quahfied judgment of superintendents and foremen, from 30

to 60 days, it is obvious that road work employing misdemeanants

of terms averaging less than six months must bear a heavy burden of

lost time and ineffective labor.

The foregoing are the principal factors which determine the rela-

tive efficiency of convict and free labor. They form a body of con-

flicting and opposing tendencies the individual weight of which can

not be appraised except by study and trial in the particular case at

hand. In tliis statement lies the reason for the continuance of iiieffi-

ciericy in all convict work. For, though the tendencies outlined in

this chapter have been well known, the means of studying the com-
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parative influence of each under particular conditions have not been

at hand, owing to the failure of pubhc authorities to preserve adequate

record of the amount and cost of work performed and the exact

cost of the maintenance of convicts. Because of the apparent

cheapness with which convicts are fed, clothed, and housed, officials

have been led, through this lack of adequate records, into a false sense

of security in regard to the economy of convict labor, and there has

been a tendency to condone and overlook lapses from a standard of

high efficiency because of a feeling that the margin between the daily

cost of convict and free labor was wide enough to allow a certaia

amount of waste. But a comparison of the costs of maintenance of

convicts and the prevailing wages of free labor in the typical cases

given in Table 4 should prove convincingly the need of closer atten-

tion to detail in the employment of convicts.

In considermg the economic improvement of a system of convict

road labor the geographical factor must be kept in mind constantly.

The problem in the South is widely different from that of the North,

East, and West, and there are minor differences between the condi-

tions in these latter sections. In the South, the human material

dealt with is so radically different from that of the other sections that

its problems are not to be remedied by means which wiU apply very,

well to the other sections. But, as has been shown, the difference is

economically in favor of the South because of the character of the

previous experience of its prisoners, their greater responsiveness to

discipline, and the relative cheapness of their accustomed manner
of Hving. However, in general, it is beheved that the interests of

economy may be subserved

—

First, by strict attention to the cost of maintenance and by honest

effort to reduce it to the minimum amount consistent with proper

Uving conditions and discipline; second, by the reduction, so far as

possible, of all losses of working time; third, by providing a positive

incentive to industry to offset the negative fear of punishment;

fourth, by the elimination of pohtics as a factor in the selection of

officials; fifth, by offering to officials such salaries as to command
the services of capable men; sixth, by combining the responsibility

and authority for the direction of road work and convicts in one

person at each camp; seventh, by such a diversification of labor

and employment as to provide for the large body of prisoners the

kind of work in the performance of which they manifest the greatest

abifity; eighth, by judicious selection of the work to be performed

by convicts; ninth, by the proper adjustment of the size of the force

to the requirements of the work and by the formation of camps of

economical size; tenth, by adopting a more mechanical kind of work
for short-term prisoners, or, if they must be employed at road work,

the separation of long and short term men.
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As has been stated, it is exceedingly difficult to secure reliable cost

data on the employment of convicts, but after a wide study of the

convict problem throughout the United States the following examples

of accurate and authoritative information have been selected from

a mass of generahties and superficial statements. They present re-

Hable comparisons of the efficiency and economy of the two kinds of

labor employed on the same roads in different sections of the United

States.

Example I. From September, 1913, until August 26, 1914, guarded

convicts were employed under the supervision of the State highway
engineer on the Bisbee-Tombstone highway in Arizona. On the

latter date the convicts were withdrawn from the work in order to

provide employment for free labor thrown out of work by the condi-

tion of the copper industry which followed immediately after the

opening of the European war. The free labor employed to continue

the work consisted, therefore, largely of copper miners, and was paid

at the rate of $3 per eight-hour day. A comparison of the work done

by convicts during the month of July, 1914, and that done by free

labor on the same road during September of the same year, both

forces being employed under the same general superintendence,

shows a marked advantage in the use of the convict labor. The
daily average number of prisoners actually employed in the road

work in July was 77, and the daily average number of free laborers

actually employed during September was 71. A comparison of the

various items in Table 6 will show not only that the work was done

by the convicts at lower unit costs, which might be attributed to

the extremely high price of free labor, but the actual amount of work
accompHshed per individual in the same time was greater in the case

of the convicts than of the free men.

Table 0.

—

Comparison offree and prison labor on Bisbee-Tombstone road, Arizona.

July, prison labor. September, free labor.

Acti\aty.
Total

quantities.
Quantities
per man.

Unit
price.

Total
quantities.

Quantities
per man.

Unit
price.

Gradine:
Solid rock

Cubic yards.

1,649.7
961.3
829.8

389.

5

21.5
143.

4

44.4

84.1
39. 8
" 7.0

Cubic yards.

21.42
12.48
10.78

5.06
.28
1.86
..58

1.09
..52

>.09

$1,375
.,59

.81

1.23
1.16
6.0
5.46

l.,52

.46
11.31

Cubic yards.
981.6
521.6
937.9

219.1

3.0
65.0
37.0

21.7
.53.0

»3.0

Cubic yards.

13. 82
7. .34

13.21

3.09
.04
.91
.52

.31

.75
1.04

$2.13
Loose rock
Bowlders

Excavation:
Solid rock

1.515
1.777

2. 676
Loose rock

Concrete .

1.066
9.44

MasfT.ry
DitchinK:

Solid rock.

6.53

2.64
Earth .925

Clearing and grubbing 11.87

' Acre;;.
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Example II. The effect of a large amount of lost time upon the

cost of work by convict labor is very apparent in Table 7 of unit costs

of work performed in the State of Washington by honor convicts,

free day labor, and contract labor on the Olympic, Pacific, and other

highways. In explanation of the results accomphshed with convict

labor the biennial report of the State highway commissioner is quoted

as follows with regard to the Olympic highway work:

The excavation work during the winter months was entirely in earth. The earth,

which is classified as common excavation, is a material composed of a mixture of soil

and gravel, resting on a cemented gravel or hardpan foundation, which slopes toward

the road and water's edge. Owing to the porous nature of the soil and the impervious

foundation below, a large amount of surface water is retained, thus causing many
slides. During the winter months these slides were a continual source of expense.

Great quantities of soft earth intermingled with trees, stumps, and brush would come

down on the road, and in some instances destroy the finished roadbed. When the

conditions would permit, the men worked even though it rained, with comparatively

little ill-feeling toward their position. At times the material became so soft that it

would run from the shovels and resemble mortar more than earth and the men sank

halfway to their knees in the mire. During the month of January it rained continu-

ously for 25 out of 27 days and working under such unfavorable conditions, the best

of efforts accomplished but little, much time necessarily being lost * * *.

And in regard to the Pacific highway work:

About the same general conditions surrounded this work as that on the Olympic
highway, but the excavation was in a different class of material and the slides did not

interfere with the progress of the work. Over half of the excavated material was solid

rock and could be handled more economically dm-ing the wet weather than the earth.

Table 7.— Unit costs ofwork on certain highways in the State of Washington.

Items of work.

Convict labor.

Olym-
pic

high-
way.

Pacific
high-
way.

Day labor.

Olym-
pic

high-
way.

Pacific
high-

Nat-
ional
park
high-

Contract labor.

Olym-
pic

high-
way.

Olym-
pic

high-
way.

Smiset
high-
way.

Mc-
Clel-

lan
pass
high-
way.

Common excavation, cubic
yards

Loose rock excavation, cubic
yards ,

Solid rock excavation, cubic
yards

Clearing, acres
Grubbing, acres

SO. 446

.645

1.02
110. 18
174. 20

$0. 304

.559

.933
112. 43
155. 67

$ 0.21

.37

.83
92.44
113.44

80.38

.50

.94
61.10
87.10

$0,226

.857

126. 44
257.29

W.-31

.45

1.50
200. 00
300. 00

SO. 325

.50

.90
75.00

110. 00

SO. 28

.88
150. 00
150.00

SO. 35

.40

1.00
175. 00
150.00

On the other hand, it is stated that the contract and free day-labor

work was conducted only during the summer when weather condi-

tions were favorable. As a further aid to the intelligent comparison

of the data in Table 7, it is stated that the prevailing cost of free labor

was $2.50 per eight-hour day, and of a double team and driver $5 per

eight-hour day, whereas the equivalent cost of the convict's labor was
approximately $1.58 per day as shown in Table 4.
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Example III. During the montlis of November and December,

1913, certain work was performed by convicts at State camp No. 2,

in New Jersey, which at prevailing contract prices, as given by the

engineer in charge, would have cost as follows:

Earth excavation, 4,700 cubic yards, at 45 cents per cubic yard $2, 115. 00

80 acres removed at $4 each 320. 00

Grubbing 0.22 acre at |75 per acre 16. 50

Fence removed, 4,600 feet, at 6J cents per foot 299. 00

Hedges replanted, 200 feet, at 20 cents per foot 40. 00

Total 2, 791. 50

The actual cost of the maintenance of the camp during the two
months in which the above quantities were accomphshed was as

follows

:

Rent of camp grounds $20. 00

Coal 84.53

Feeding men, guards, and superintendents 602. 57

Guarding 648. 54

Team hire 573. 75

Dynamite 64. 25

Tobacco, medicine, telephone, and gasoline 208. 04

Interest at 6 per cent and depreciation at 10 per cent per year on buildings

and furnishings valued at 13,066.69 81. 77

Interest at 6 per cent on $1,022, cost of well 10. 22

Interest at 6 per cent and depreciation at 75 per cent a year on hand tools

valued at $449.90 60. 73

Supervision 850. 00

Total 3, 204. 40

_n the above costs the interest and depreciation on machinery,

which was valued at $12,734.78 in the Ust of cost items, has been

omitted, as probably little of it was used on thework performed during

the two months under observation. But omitting this item it appea,rs

by a comparison of the two totals given above that the cost of the

work by convict labor was $412.90 greater than it would have been
had it boon performed by contract.

MANAGEMENT AND OPERATION.

All prisoners employed at road work in the United States are

termed either vState convicts or county convicts, according to the

political subdivision, whether State or coimty, by which they are con-

victed and imprisoned. The employment of county convicts on
roads is rare in the North but common in the South; in fact, the

earliest employment of convicts in this manner in the United States

was by the southern counties, and the numbers of their convict road

forces still greatly exceed those (^mployiul in a similar manner by the

States.

County (jontrol, th(!refore, has been thorouglily t(^st(Hl and the

expo.rience has rev(;aled a numbf^r of inherent faults wliioli render it
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ineffective for the fullest realization of the benefits of convict labor.

In the main it has been productive of waste and inefficiency for the

reason that the average county force is economically too small, and
much of the work done is, perforce, of a very inconsequential nature.

In many counties the entire time of the inadequate force must be

spent in the attempt, by small repairs and patchwork, to keep the

roads in barely passable condition. This inefficiency is generally

recognized and deplored by county officials, but it is usually defended

by the assertion that the only alternative under the existing system

is to maintain the convicts in absolute idleness, which could not be

justified on any ground.

Another serious objection which may be pointed out in connection

with comity control is the lack of coordinated effort which is typical

of the independent operations of the numerous counties. As these

objections are similar to those which have been responsible for con-

centration of supervision of construction in the State highway
departments, there can be no doubt that similar control in the

management of convict labor would effect a great improvement.

Such an arrangement is provided for in Virginia under the law of

1908, which estabUshed the State convict road force. In addition to

the State convicts, this State force also includes aU male coimty jail

prisoners over 16 years of age, and the latter class, as well as the

former, is subject to any assignment within the State, which the

superintendent of the penitentiary may direct. The apportionment

of the county convicts among the various counties may be deter-

mined according to population, road mileage, property values, or

any other equitable criteria which may be fixed under particular

conditions; but, however the distribution be made, the results of the

creation of such a State force will be the same, namely:

(1) That the total overhead expense for the administration of all

the convict labor of the State will be reduced by the elimination of

a large number of small offices and the consohdation of the super-

vision in one central office

;

(2) That the wider outlook of State officials wiU lead to the prac-

tical adoption of more scientific methods;

(3) That the greater financial means of the State wiU permit of the

employment of a more able class of officials

;

(4) That the counties wiU be relieved of the expense of maintaining

small convict forces which produce inconsequential results;

(5) And that the force of convicts wiU be available for work in the

counties where there is a demand for the heavy road work best suited

to the employment of convict labor, while sfight repaid and mainte-

nance not economically done with convict labor may be performed

by free labor, supplemented, perhaps, by small forces of paroled con-

victs.
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Although the superior advantages of State over county control are

ver}'- evident, the placing of the control in the proper State depart-

ment is more difficult. On accoimt of the dual aspects of the work

—

the penal and the constructional—the interests of two departments

are involved—namely, the prison and highway.

In Colorado the work is carried on under the immediate direction

of the warden of the State penitentiary, and the State highway com-
mission acts only in an advisory capacity. In Georgia there is no

highway commission, and the convict road work is carried on by the

various counties, the conditions affecting the convicts being under

the control and inspection of the State prison commission. But in

aU other States in which there are highway departments the road

work done by the convicts is under the direction and control of the

highway authorities, and the prison departments exercise only a

more or less direct control over the disciphne, guarding, and mainte-

nance of the prisoners.

Though it is recognized that no stereotyped system of control can

be prescribed arbitrarily for aU the States, on account of their varying

institutions and customs, it is believed that the best results may be

obtained under a system which clearly defines and separates the

responsibihties of the prison and highway departments. The prison

department should, of course, be charged with the selection of con-

victs for assignment to the road working forces, upon the request of

the highway department, and with the formulation of rules and regu-

lations for the guidance of the highway officials in the disciphne,

housing, and maintenance of the prisoners. But the supervision of

construction and the preparation of adequate means of housing,

feeding, and disciphning the men in accordance with the rules of the

prison department preferably should be under the immediate control

of the highway department. By such an arrangement the formation

of a highway division under the prison department, with consequent

duphcation of officers, is avoided, while, as indicated, the prison

department, through the agency of the highway department, retains

control of the administration of the penal law.

By the foregoing arrangement the responsibihty of the distribu-

tion of the convict labor to the various pieces of construction is given

to the highway department. The labor may be used on State roads,

or it may be granted to the counties as a form of State aid, but in

either case full control of the work and conditions of work should be

exercised by the highway department to insure the essential uni-

formity of methods and results. Although a cortam amount of dis-

cretionary authority must bo given to the men in immediate charge

at th(5 camps, they should 1)0 governed by regulations and orders

issued by the department. Thoir conduct of the work should bo

ascfirtainod by means of periodical reports made in a proscribed form

r,:{r)77'-'— p.iiii.-ni— H> ;'.
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to the highway department, and by frequent visits of inspection by
officers of the highway department, the prison department, and, in

States where such a bureau exists, by officers of the State board of

health, who should report, through their bureau, on the sanitary con-

ditions of the camps.
CAMP OFFICERS.

Though the experience of a number of States has demonstrated

the practicabiHty of cooperation by the prison and highway depart-

ments through their central offices, the dual system of management
in the camps has not proved satisfactory. Prompted by a recogni-

tion of the duplex nature of the project, at least three States have

tried the plan of placing two men, representatives of the prison and
highway departments, respectively, in more or less independent

charge of the two phases of the work. In each case the arrangement

has resulted in the development of friction and bickering between

the employees of the two departments, caused by the clashing of

their respective interests and instructions. As a rule, most of the

differences are trivial and when brought to the attention of the

superior officers of the departments they are readily adjusted, but

before these officials are appealed to it is found that the discord

has usually reached such proportions as seriously to affect the

proper management of the camp. As an example of the petty

nature of these disputes it was found in one State that the camp
sergeant, or head guard representing the prison department, had
been instructed to keep all the convicts at work at all times,

except Sundays and hohdays, unless prevented by sickness or bad

weather. The resident engineer, representing the highway depart-

ment, had been instructed not to lay surfacing stone on a wet clay

subgrade. A dispute arose over the question of the employment
of the convicts on days following heavy raias when the subgrade

was still wet, the sergeant wishing to send the men to work and the

resident engineer refusing to permit any stone to be laid, and the

bitter feeling which resulted had practically paralyzed the work of

the camp long before the matter was brought to the attention of the

heads of the two departments.

But while the appointment of two more or less independent camp
heads is undoubtedly inadvisable, it is true that it is extremely diffi-

cult to secure, within the customary limits of salary attaching to

such positions, one man who is capable of superintending both

features of the work. It would seem that the difficulty may best be

overcome by providing two officers, but by making one subordinate

to the other. It is suggested that the superintendent, or first officer,

be selected primarily for his knowledge of road building and for his

skill in the direction of men, and that an assistant, who may be
known as a camp officer or yard man, be appointed on a basis of
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skill or experience in the handling of prisoners. The camp officer

should be expected to advise the superintendent in matters of dis-

cipline and to assiune entire charge of the management of the camp
proper under the general supervision of the superintendent. It will

be found usually that the camp officer will be able to act as a com-

missary officer and camp clerk, ordering and distributing food and

supphes and keeping the camp records, in addition to his other duties.

In the guarded camps two sets of officers, namely, guards and fore-

men, may be necessary to work mider the two principal officers. In

such cases, the ratio of guards to convicts should be not less than 1 to

10 and the foremen should be employed in the number necessary for

the successful prosecution of the road work, usually 2 or 3 for camps
of 40 men. In a number of States there is a tendency to combine

the duties of guarding and supervision of the work in one set of officers

and when only the less dangerous of guarded convicts are used on

road work, as proposed under the scheme of grading as suggested

on page 63, this practice would seem entirely safe and proper. But
when aU classes of criminals are employed regardless of character,

it would seem that the evident necessity of avoiding the close approach

of convicts to armed guards would render the guards of little value

as foremen

.

In the honor camps the guards may, of course, be dispensed with

and the miarmed foremen, in no greater numbers than are necessary

in the guarded camps, will be able to direct the work and also to

carry out such disciplinary measures as are necessary.

In all camps, whether of the guarded or honor types, at least one
night guard should be provided. In the guarded camps this officer

is necessarily armed with a shot gun or rifle, and measures should

be adopted to prevent the close approach of the convicts to him in

the quarters at night. When the men are chained in the quarters

no other protection is necessary, but when they are permitted freedom

of movement within the quarters the night guard should be sep-

arated from them by a partition, containing a window or opening

through which he may command the entire dormitory.

In the honor camps, as a general rule, the night guard should not
be armed as there is little chance of preventing a general uprising

should such an act be planned by the convicts, and in the event of

an attack on the guard it is highly desirable to prevent the capture
of arms.

The importance of the selection of men of good character and
intelligence to fill the positions of officers and guards has been pointed

out so often and is so generally understood as to re(|uire little em-
phasis, rnfortunatcly, however, the wages usually offered in con-

iK'ction with these positions arc not sufficiently large to attract first-
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class men, and it is believed that there is still much room through-

out the coimtry for improvement in this respect. The salaries

necessary to attract good men will, of course, vary in the different

sections of the coimtry, but experience has shown that the payment
of a reasonably good salary to a good man is invariably a better

investment than a poor salary paid to an incompetent one. And
it should be remembered that competence in a convict camp officer

means not only efficiency in road construction, but also self-restraint,

moderation, honesty, sobriety, and firmness of character.

To complete the organization of the camp, a certain number of

convict helpers under the direction of the camp officer or yard man
are necessary to perform the various duties of cooking, cleaning,

laundering, etc. Even in guarded camps, it is necessary that such

men be trusted to a considerable degree, and they should therefore

be selected with this in mind. As to their further quahfications,

it is very desirable that the cook shall have had some previous

experience, but no special aptitude is required in the other helpers,

and in fact it will usually be possible to select for such work convicts

of inferior physique, whom it is impossible to employ in any other

way. The size of the camp force must be varied with the population

of the camp. No less than two men will be required for the smallest

camps, and for camps of over 20, one camp assistant should be added

for every 10 men up to camps of about 100. In camps of popula-

tions greater than 100, the proportion of camp help to total numbers
may be somewhat reduced.

RECORDS AND COST ACCOUNTS.

FINANCIAL.

In the conduct of a business involving manufacture or construc-

tion, it is a well recognized fact that the standard or primary books

of an accounting system should be supplemented by certain sub-

sidiary records known as cost accounts. The journal and the ledger

are well designed to preserve a record of transactions to show the total

amounts of receipts and disbursements and the balance between

them, but they do not enable the manufacturer or constructor to

analyze the costs of his products. To supply this need, cost accounts

have been extensively adopted in private business, and compara-

tively recently the example set by private business has been fol-

lowed in certain branches of public work, such as the water and street

departments of municipahties and many of the State road commis-

sions. But though such accounts are particularly useful in the

development of unstandardized work of a constructive character, and
for this reason should be of the greatest usefulness in the conduct of

work by convict labor, the study made by this office revealed the

fact that, with few exceptions, only the ordinary journal and ledger
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accounts are kept. This failure to keep adequate cost accounts is

responsible for the extreme paucity of reliable information with

regard to the economy of convict labor, and it is needless to sa}^

that if practices and methods are to be much improved, a reform

of procedure in this direction is vitally necessary. To this end it is

proposed to state m detail the reasons for the introduction of cost

accountmg and rehable personal records, and to indicate the general

form which a system of such records and accounts should take.

Briefly, the specific purposes which a system of accounts should

serve are as follows:

(1) To make proper account, for the information of the pubhc, and
especially the appropriating body, of the total expenditure of funds.

This function is more or less adequately served by such simple sys-

tems of accounts as are in general use. But though this is the only

function of accounting that is generally recognized, it is really the

least important of the services which a properly designed system can

be made to yield.

(2) More important in the present beclouded state of the question

is the value of records and accomits indicating whether convict labor

is being employed at a profit. This function can be served only by
the mtroduction of cost accounts which make it possible to analyze

the total cost in such a way as to indicate the cost of each process and

of the results in detail. It is undoubtedly true that convict labor is

conducted at considerable advantage in numbers of instances, but

it is also an estabhshed fact, that lacking such information, many
communities unwittingly employ convict labor disadvantageously,

and are daily paying more for such labor than it would have been

necessary to pay for free labor.

(3) In addition to indicating what may be termed the ''total

economy" of convict labor, cost accounts also furnish a means of

checking what may be termed '

' internal economy. '

' A system of con-

vict labor may be, as a whole, economical with respect to free labor,

and still there may exist many sources of waste and inefficiency in

the system which, if remedied, would make for even greater economy.

Such elements of weakness are to be found in uninteUigeht super-

vision, improper distribution of labor, wastefulness in the handling

of material and supplies, and unreasonable losses of time. In many
cases it is only necessary to know of these weaknesses to remedy

them, yet they may well escape attention if only general results are

known. Furthermore, it is to b(^ observed that such a d(^tail(Hl record

of cost kept daily indicates to dat(^ the existence of faults and ufFords

the opportunity to correct, in its incipiency, any tendency to ov(vrrun

proper costs.

(4) An adequate- system involving a subdivision of cost ac(M)unts

provides the means of recognizing merit and ol' deteclhig and eliminal-
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ing personal inefficiency, and is thus a constant incentive to foremen

and superintendents to reduce costs.

With this understanding of the functions which a system of convict

labor accounts should perform, it is possible to formulate certain gen-

eral principles to govern the character of the record forms and

methods of procedure necessary to serve these functions. Their pre-

cise character can be determined only for the particular conditions

under which they are to be employed, and even under special con-

ditions it is practically impossible to outhne a system completely in

advance, for the reason that details of the work to be accounted for

are constantly changing.

The inadequacy of the ordinary methods of double-entry book-

keeping to accomplish the desired ends has already been mentioned.

This becomes more clearly apparent when it is reahzed that those

methods were designed primarily for the balancing of receipts and

expenditures, whereas the conduct of convict labor work involves

disbursements only; and of these disbursements it is desirable to

know not only the total amount, but an analysis showing the purposes

for which they were made and the costs of the various parts or units

of the road work or other work which results in large measure in-

directly from them.

Specifically it is important to analyze all disbursements in such

manner as to show:

1. The daily and total itemized costs of maintaining the convicts.

2. The unit and total costs of the work.

With regard to the former, the elements of maintenance cost which should be recog-

nized and segregated in a good system of accounts are those chargeable to (a) subsist-

ence, (6) clothing, (c) quarters, (d) furniture and equipment, (e) kitchen and mess

supplies, (/) fuel and Hght, (g) medicine and medical attention, (h) transportation

of convicts and equipment, (i) wages of convicts (monej-, tobacco, discharge cloth-

ing), (j) miscellaneous, (k) guarding or convict supervision.

It is only by such a division of the cost of maintenance that it is

possible to determine the exact cause of excessive total costs.

The segregation of the elements is accomphshed by opening accounts

to each, then classifying and distributing all disbursements among
these accounts. The latter should be so kept that at all times it may
be possible to determine not only what expenditures have been made
and for what purposes, but also the total amount of previous disburse-

ments for each purpose, the amounts of materials received into and
issued from the general store or commissary, and the number of indi-

viduals (convicts, officers, and visitors) sharing in the use of mate-

rials and services. In this way it is possible to determine at suitable

intervals the amount of disbursements per individual for each pur-

pose during the latest period, the comparison of these disbursements

with those of other periods, and also to maintain a continuous inven-

tory of the stock of material suppUes on hand.
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The per capita cost of maintenance per calendar day being thus

developed, the second set of accounts is necessary to determine the

unit and total costs of work. The cost of maintenance per individual

work day, which is equivalent to the cost per calendar day corrected

for unproductive labor and lost time, should be treated as the wage
of labor, and should figure in the cost of construction. In addition

there must be a careful record of wages directly paid to officers and

hired employees, of the cost of teams used on construction work, of

materials consumed in the construction, of depreciation of tools and

machinery employed, and of the amount and proper allocation of

what are known as overhead expenses. All of these items entering

into the cost of the work should be properly accredited to the par-

ticular operations and parts of the work to which they are appfied.

For example, the records should be complete enough to show in the

case of the construction of a macadam road not only the total cost of

the road, but also the itemized cost of clearing and grubbing, grading,

quarrying rock, crushing rock, spreading surfacing material, rofiing,

etc. The keeping of such records impHes the determination of the

amounts of the various kinds of work, such as the cubic yardage of

earthwork, the square yardage of surface, the area cleared and grubbed
in acres, etc. Without such a determination of the amount of work
done any system of cost accounting is valueless as an aid in the

improvement of methods of work.

The accounts comprised under the above classification are neces-

sary for the determination of unit costs of maintenance and construc-

tion. In addition to these, certain operating forms are necessary,

such as the usual forms of requisition and order blanks and inven-

tory sheets, and a system of books suitable for recording the busi-

ness incident to the work. These may consist of the old form of

journal and ledger, or more suitably of a system of voucher files and
records to replace the ledger.

In the design of the forms to serve the various purposes outlined

above it is essential to bear in mind not only what information it is

desired to record, but also the desirabfiity of presenting that infor-

mation in logical and orderly manner and of so regulating and stand-

ardizing the size of sheets as to permit of their convenient use and
proper filing in a systematic manner. Large forms are cumbersome,
and irregular sizes are difficult to file properly.

Forms 1 to 12 represent a series of report and record forms
designed in accordance with the above principles. They are

presented as concrete examples to illustrate the technical methods
of securing the desirable information. It is not expected that
they will meet entirely the requirements of any particular sys-

Utm, })Ut it is beheved that they are correct in principle, and with
suitable modifications can be readily adapttnl to the use of any State
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or county convict-labor system. All may be printed on sheets of

paper of the following standard sizes: 8 by 10^ inches, 8 by 12^

inches, and 16 by 12-| inches. All but the form for the monthly

report of construction (No. 9) have the 8-inch dimension in com-

mon, and the maximum length is 12^ inches. The monthly con-

struction report folded once conforms to the 8 by 12^ inch size,

so that all forms can be filed in a standard filing cabinet with drawers

to accommodate the 8 by 12^ inch size.

Requisition Form.

Form No. 1 is a requisition blank to be made out monthly or weekly

by the superintendent, sergeant, or deputy warden in charge of a

convict camp and forwarded to the central office from which pur-

chases are made. In order to supply the purchasing officer with

sufficient information to determine the necessity of the articles requi-

sitioned, the columns headed "Quantity issued last month" and

''Quantity on hand" are included. Space is provided for the signa-

ture of the principal camp officer and for the approving signature of

his superior officer, the warden or official in charge. In the last

column space is provided for the notation by the purchasing officer

of the numbers of the orders made out for the various articles requi-

sitioned.
Purchase Order Form.

Form No. 2 is an order blank suitable for use in connection with

the preceding requisition form. This form should be made in tripU-

cate, on paper of three colors, one copy to be mailed to the contract-

ing firm or other firm in a position to supply the items desired, one to

be retained at the central office, and the third to be sent to the camp
for which the order is made. The form is largely seh'-explanatory,

but particular attention is directed to the space provided for the

number of the related requisition, the name or number of the camp
initiating the order, and the fuU instructions for the shipment of

the goods and the mailing of the biU. The last column in the body
of the form is provided for use when goods are bought on contract,

for the designation of the articles ordered by contract and item

numbers.
Voucher for Supplies and Services Furnished,

Form No. 3 is designed to avoid the multiplicity of sizes and forms
of billheads furnished by the various firms and supply houses. The
advantage of such a form, designed to fit the filing cabinets in use,

and its effectiveness in preventing confusion, inconvenience, and loss

will be appreciated by all who have had to deal with large numbers of

biUs of numerous shapes and sizes. Two copies of the blank form
should be mailed with the order to the supply house, and the mer-
chant should be requested to submit his biU on one, retaining the
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other for his own files if he so desires. The bill should be rendered

first to the camp superintendent at the time the goods are shipped.

The superintendent should check it against the camp copy of the

order and the goods received and certity in the proper place on the

voucher form to the correctness of the bill, or make such notations

with regard to its incorrectness as may seem necessary. He should

then forward it to the central ofiice, where, after it has received the

approval of the principal in charge, it may be forwarded through the

regular channels for payment. Special attention is directed to the

space on the form for the related purchase-order number, the name
of the camp for which the goods are purchased, and also the column

for contract reference or authority similar to that on the purchase-

order form. The purpose of the other columns will be readily under-

stood, the last column being provided lor the notation of the accounts

to which the items are charged, this column to be used only by the

clerk at the central office. Below the columnar section of the form

are the sections for the formal certifications of the merchant and the

camp superintendent, for the approval of the warden or superior

central officer, and for the notation of the date of payment and the

number of the check by which payment is made. The instructions

to be printed on the reverse side of the form, which are referred to in

the note in the upper section, are as follows:

INSTRUCTIONS.

1. Separate vouchers must be rendered for articles and services requested on differ-

ent orders.

2. This form, when properly filled, is to be sent to the camp to which articles are

shipped or for which the service is rendered.

3. When supplies have been furnished upon contract, accepted proposal, or written

agreement, upon emergency or special order, reference to the contract or authority

should be made in the column headed "Contract reference or authority."

4. Payee should not write in the last column, headed "Account."

For keeping these forms it will be found convenient to provide a

vertical file divided into two compartments, one for unpaid and

one for paid bills. As they are received from the camps the vouchers

can be filed alphabetically in the compartment for unpaid bills and

allowed to remain there imtil paid, when they can be given serial

numbers and filed numerically in the other compartment as paid

vouchors.
Book Forms.

The book forms for the office; record ol the transactions of the

convict department will not bo treated in this bulletin, as it is neces-

sary that they be designed with special reference to the financial prac-

tice of each particular institution, and a sample form would be of little

assistance. The matter has received attention, howc^ver, and the

Office of Public Roads and Rural Engineering is prepared to furnish
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assistance upon application for the design of such forms for par-

ticular conditions.

iNVEtNTORY OF PROPEfRTY.

The inventory form (No. 4) is designed for use in connection with

the periodical determination of the value of camp property. In gen-

eral, it is believed to be self-explanatory, but the column headed

''Date received here " is included so as to provide for the keeping of the

date of reception of property transferred from another camp.

Cost-account Forms.

All the forms previously described are in the nature of operating

forms—that is, they are necessary for the systematic conduct of the

financial transactions involved in the management and administra-

tion of convict camps. The forms to be described hereafter (Nos.

5 to 9) are designed expressly for cost accounting. They are intended

for use as reports from the principal camp official to the central

ofl&ce and copies should be retained at the camp. The informa-

tion which they contain can originate only at the camp, and they

are of primary importance to those in direct charge of the con-

vict labor, j^resenting, as they do, at regular intervals an accurate

representation of the amount and value of work performed.

Ration-report Forms.

These forms (Nos. 5 and 6) are designed to furnish a check on the

daily disbursement of food, a monthly statement of the cost of food,

and a continuous inventory of the amount of food on hand.

The food item report sheet. Form No. 5, furnishes detailed infor-

mation with regard to the daily use of each item of food, such as

beef, pork, beans, peas, molasses, coffee, etc., and each item used at

any time in the month must be represented by an item sheet

in the food report for the month. Thus, if 30 separate articles of

food be served in the month, the month's food report will include

30 item sheets. Begirming in the upper right-hand section with the

amount of the particular food item on hand at the beginning of the

month, space is provided in the column below for the entry of the

amounts of the item received during the month at various times,

the sum of these amounts and that on hand at the begiiming of the

month yielding the total which must be accounted for at the end of

the month. In the horizontal section of the report are the spaces

for the daily entry of the amounts of food issued to convicts and

ojSicers and any amounts wasted on account of deterioration or

spoiling (not table waste). At the end of the month the sum of the

totals of food issued to convicts and officers and that wasted shows

the total amount of food issued during the month as determined by
the daily weighing. This amount subtracted from the amount
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above in the total column will give the amount of food which should

be on hand at the end of the month. An inventory then is to be

taken and the amount actually on hand entered in the space pro-

vided. This amount may differ from that which should be on hand
according to the record of daily distribution on account of cumulative

errors m weighing and loss in weight by drying of the stock during

the month. Whatever the difference indicated, it should be added

to the total amount wasted and the result should be divided in pro-

portion to the total amounts issued to convicts and officers and used

to adjust those totals, the results being entered in the space pro-

vided. If the food used during the month has been purchased at

more than one unit cost, the separate unit costs should be weighted

in proportion to the amounts purchased at each cost and the result

should be entered as the average unit cost in the space provided,

and in case food of different quality is bought for convicts and officers,

respectively, two spaces are provided for the entry of the two average

unit costs. The final process in preparing the item sheet is to deter-

mine the total cost of the food item used during the month by con-

victs and officers by multiplying the amounts used by the average

unit costs. The space for "Remarks" is added for the explanation

of irregularities and for furnishing the specific information required

by the note printed on the report.

The summary sheet. Form No. 6, is to be used for the daily

entry of the numbers of convicts and officers fed. At the end

of the month the total number of visitor-food days may be added

and the record of the number of food days will be complete. The
other section of the report is to be used at the end of the month
for summarizing the total quantities and total costs of food as taken

from the various item sheets. By dividing the total cost of the con-

victs' food by the total number of convict-food days the daily cost

of food per convict is obtained, and space is provided for the entry

of the result. Similarly, the unit cost of officers' food is obtained by
dividing the total cost by the total of officer-food days plus the

number of visitor-food days.

REPORT OF SERVICES AND SUPPLIES OTHER THAN POOD.

The report of services and supplies other than food (Form No. 7)

is designed to supplement the ration report and complete the record

of maintenance costs. To accomplish this, an account should first be

opened to each of the recognized elements of cost. Then one of Form
No. 7 should be used for the monthly report of all articles and serv-

ices purchased under each account. Thus, if articles or services are

purchased under aU ten of the accounts which the form is designed to

cover, the monthly report would be composed of ten sheets of the

fonri, one; for each account. In order to reduce thecostunder a given
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account to a cost per capita per day, which is the main purpose of

the form, it is necessary that the sum of the actual value of all services

rendered during a particular period, plus the actual value of supplies

completely consumed or used during the period, plus the estimated

depreciation of articles of supply and equipment not completely con-

sumed during the period, shaU be divided by the number of convict

days for the period. The depreciation of articles not entirely con-

sumed can be determined only by means of an inventory. But as

the depreciation of many articles is very shght in a period of a month,

it is impractical to take the inventory at less than six-month periods.

In inaugurating the system of accounting, a complete inventory of

all goods should be taken, and the ascertained value of aU supphes

and equipment of a given class on hand should be placed in a space

provided at the head of the total column on the proper account form.

Subsequently, during the fu'st month, all items purchased should be

reported, giving the names of the items, the dates of purchase, the

quantities, and their unit and total costs. At the end of the first

month the total cost of the items purchased should be added to the

original inventory value to obtain the grand total of value invested

in the camp at the end of the month. At the beginning of the second

month the latter figure should be placed at the head of the total

column. Entries of the items purchased during this month should

be made as during the first month, and aU operations should be simi-

larly repeated every month.

When a period of six months or a year has elapsed, the grand total

of the last monthly report will represent the total amount invested

in the camp under the given account since the beginning of the period.

An inventory taken at this time will show the approximate value of

all articles of supply and equipment remaining in use or in stock, and

this value deducted from the grand total of the last monthly report

will give the value of the goods and services consumed or used during

the period as nearly as can be ascertained. If this value be divided

by the total number of convict-days for the period, which a proper use

of the form wiU show in the upper right-hand comer, the result wiU
be the daily per capita cost of supplies and equipment used under the

given account diuing the period. This figure, added to the daily per

capita cost of food for the various months, will give the true cost of

maintenance per convict per calendar day for each of those months.

Finally, to obtain the true cost of maintenance per convict per work-

mg day, this latter value must be modified on account of the time lost

by Sundays, hohdays, camp duty, and sickness, all of which losses

are reported on the daily reports of construction (No. 8).

The distribution of charges to the various accounts is largely a

matter of judgment, but the classification of items given under the
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heading ''Clothing, camp supplies, and equipment" (p. 152) will serve

to indicate the general scope of the accounts.

DAILY REPORT OF CONSTRUCTION.

Form No. 8 is suggested for the daily report of construction. In

addition to the name, date, weather, and other hues which form the

heading, there are spaces for reporting the amount and kind of all

labor, such as superintendence, hired labor, teams, and convicts, the

wages per day, and the subdivision of the time of each kind of labor

among a number of work accounts, such as rock, loose rock, and earth

excavation, and quarrying and crushing rock. There are also spaces for

reporting the amount of time lost by reason of bad weather, Sundays
and hohdays, sickness, and camp duty, and for the total time of each

kind of labor. In the second section of the report there is provision

for the daily report of materials of construction used in kind, amount,

and cost, and for charging such materials to their proper work account.

Finally, by means of the progress report at the bottom of the sheet,

the locaUty and kind of the day's work may be shown and also the

locahty and length of the finished work. The form is designed as a

daily report for the reason that the information it should convey can

only be accurately recorded daily, while the operations of the day are

fresh in the minds of the officials.

MONTHLY REPORT OF CONSTRUCTION.

The last of the cost-account reports is shown as Form No. 9, namely,

the monthly report of construction. The report is designed for the

monthly summary of the information contained on the daily reports

of construction, and for the purpose of completing and reducing

that information to useful form. One sheet should be made
out to the account of each class of work done during the month, and

the entries of the time of each kind of labor employed should be

made on the proper date lines each day, at the same time that the

daily report is made out. At the end of the month the total number
of days served by each kind of labor on a given class of work will

be shown by the sums of the daily time entries in the spaces pro-

vided for "Total days." Below the latter spaces are others for

reporting the daily wage and board of each kind of free labor, and

for the sum of the two, which represents the total daily rate. Mul-

tiplying "Total days" by "Total rate" in each case gives the "Total

amount," or cost of each kind of labor for the month. The daily

rate in the case of convict labor is the daily per capita cost of mainte-

nance, and this can not be determined each month on account

of the long life of some of the items of supplies and equipment.

Howev(!r, for the ])urposc of month to month comparisons of work
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costs, it is permissible to assume a convenient figure to represent the

daily rate, and on the basis of this assumed rate to compute an as-

sumed amount or cost. Then the sum of the total amounts for all

kinds of free labor and the assumed amount for the convicts wiU give

a total ''Assumed labor cost" which should be inserted in the proper

space in the ''Table of unit costs" at the bottom of the sheet.

In the "Materials used" section the quantities, rates, and costs

of the various materials used during the month on the given class

of work should be summarized from the daily reports of construc-

tion; and the total cost of materials thus determined should be

inserted in the space provided in the "Table of miit costs." The
results of the monthly estimate of work done being also entered

in their proper spaces of this section of the report, as indicated,

it is possible to compute an approximate unit cost of the work
which wiU be comparable with a cost ascertained in a similar manner
for other months, though it will not be the actual unit cost of the

work on account of the use of the assumed convict-labor cost. When
the actual daily per capita cost of maintenance is made available

by the determination of the cost of supphes and equipment, at inter-

vals of six months or a year, the actual unit cost of the work may
be determined and the record may be made true and complete.

PERSONAL RECORDS.

The records, accounts, and forms discussed in the foregoing para-

graphs aU have to do with the economic phase of convict labor, and, as

that is a very important aspect of the problem but one which has

been much beclouded by hasty judgment and misleading informa-

tion, their utility as an aid in forming accurate estimates of the value

of work performed can hardly be too strongly emphasized. Of equal

importance, however, to the complete history of a system of convict

labor are the so-called personal records of the convicts, having to do

with the manner of employment of individuals, receipts and dis-

charges of prisoners, pardons, pmiishments, escapes and recaptures,

siclaiess and deaths. Unhke the cost accoimts, the importance of

these records is very generally recognized, and as a rule the systems

in use are entirely adequate.

Examples of the more important of these are shown by Forms
Nos. 10 to 12, and it is believed that their purpose and the manner
of their use wOl be so apparent as to require no explanation. Other

forms of this character, examples of which are not shown, but which

may be added if desired, are those for recording punishments admin-
istered, money and valuables held for convicts, and any particular

phases of the work necessary to record.

The personal reports shown correspond in size to the cost account

reports and may be filed in drawers of the same size.
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FILING SYSTEM.

A very convenient method of filing the cost-account and per-

sonal reports is to inclose all the reports for one month m a manUa
envelope of proper size, on the back of which maybe prmted a blank

summary form for the display of the significant figures of aU the

inclosed reports. The envelopes for the various months and camps
may then be filed in order in a simple drawer letter file.

Numbering of Forms.

Instead of designatmg the various forms by their names, which

may be rather ciunbersome, it is a good plan to give each of the re-

ports a form number. The sample forms shown are numbered
according to a decimal system, by which the nimibers serve to desig-

nate not only the individual forms but also the class of forms to

which they belong. For example, the forms shown are divided

into four classes according to their use, as foUows:

Class I. Operating forms, including (1) Requisition; (2) Purchase

order; (3) Voucher for suppUes and services furnished; (4) Inventory

of property.

Class II. Mamtenance reports, including (1) Food-item report; (2)

Summary of quantities and cost of food issued; (3) Report of services

and supplies other than food.

Class III. Work reports, including (1) Daily report of construction;

(2) Monthly report of construction.

Class IV. Personal reports, including (1) Prisoners' time sheet;

(2) Movement of prisoners; (3) Daily report of sickness.

All forms of Class I have in their numbers the figure 1 on the left

of the decimal point, and the four forms in the class are numbered
from 1 to 4, respectively, on the right of the decimal point in the order

in which they are enumerated above. The three forms of Class II

are designated by the figure 2 on the left of the decimal point, and

the figures 1 to 3 in the order of enumeration above, on the right of

the point; and the numbers of forms in Class III and Class IV are

determined in like manner.
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Form No. 1.1.

CONVICT ROAD FORCE.

Requisition No.

Camp No

{Name of County or State.)

REQUISITION.

Supplies to be sent to
{Place.)

Not later than , 191

.

Date of Requisition , 191

.

Quantity. Article.

Quantity
issued
last

month (or

week).

Quantity
on hand.

Order
number.

.

(Not to
be filled

by Supt.)

I certify that the quantities on hand and issued are correctly reported, the above articles are required,
and the quantities are not excessive.

Approved: - - -
. , Warden. Supt.

1. Use different colored sheets for requisitions for food supplies and general supplies.
2. Whenever an emergency purchase is made locally, fill out tnis requisition form covering the purchase,

write the word " Emergency " on it and mail it with the bill to the warden.
3. If the article is unusual explain the need for it on the requisition.

FORM 1. SIZE, 8 BY 10| INCHES.

Form No. 1.2.

Order No.

., CONVICT ROAD FORCE.
( Name of County or State.

)

PURCHASE ORDER.

To Fill Requisition No From Camp No.

( Name of city or town.

)

Firm name

Address

Please ship the following articles to . -

, via

and render the bill on the inclosed voucher form to

Signature

., 191.

(Purchasing Agent or Official in Charge.)

FORM 2. SIZE, 8 BY lOi INCHES.
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Form No. 1.3.

.CONVICT ROAD FORCE.
Voucher No.

{Name of County or State.)

VOUCHERS FOR SUPPLIES AND SERVICES FURNISHED.

Date, , ., 191..

.Dr.

(Name of County or State.)

To
Goods supplied on

Purchase Order No Address

For Camp No

(Consult instructions on other side before preparing voucher.)

Contract
reference

Articles or service.
Qiian-
tity.

Unit.
Unit
price.

Amount. (Leave
blank.)

thority. Dollars. Cts. Account.

1

I certify that the above bill is correct and just, and that payment therefor has not been received.

(Payee sign here)

Title

I certify that the above articles have been received by me in good condition and in the quality and quan-
tity specified, or that the services were performed as stated.

Signatiure Supt.

Approved for $= Signature Warden.

Paid by check No , dated , 191. ..

FORM 3. SIZE, 8 BY lOi INCHES.

Form No. 1.4

Camp No.

.CONVICT ROAD FORCE.
Sheet No.

{Name of County or State.)

INVENTORY OF PROPERTY.

Place , Date.

Listed by

.,191..

Quantity. Item.
Description

(Dimeasions, materials, etc.).

Date of

pur-
chase.

Date
received
here.

Origi-
nal

value.

Pres-
ent

value.

Condi-
tion.

Totals,

K(»i'..M i. Hi:4i';, H uy lO-i inche.s.

I'.iill.4M— 10 1
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Form No. 2.2.

Camp No.

., CONVICT ROAD FORCE.
{Name of County or State.)

SUMMARY OF QUANTITIES AND COSTS OF FOOD ISSUED.

Month of

Place Supt.

Quantity. Total cost. Number persons fed

.

Item. Unit.
Unit
cost.

Days.

Con. Off. Convicts. Officers. Convicts. Officers.

1

2

3

4

5

6

i

8

9

10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

26

27

28

29

30

31

Number of visitor-food
days.

Daily cost of food.

Per convict. Per officer.

(iT'dtui lotal fosl

_
FOR.M fi. SIZK, 8 11 V 124 INCHES.
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Form 2.3.

CONVICT ROAD FORCE.
{Name of County or State.)

REPORT OF SERVICES AND SUPPLIES
OTHER THAN FOOD.

Camp No

Place

Signature
Supt.

Account

Month of , 191, .

Number of convict days since last inventory to first

of month.

Number of convict days this month .

.

Total number of convict days to date

Item.

Last inventory value plus sub-
sequent purchases to first of

month S

Date. Purchased during month.

Quantity.
Unit
cost.

Total
cost.

1

i

1 1

,T(

G

)tal for month $

'and total $

FOEM 7. SIZE, 8 BY 12i INCHES.
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Form No. 3.1.

Name of camp
Name of place

.

( iVome of Couiily or State.) Name of road .

Kind of road .

.

CONVICT ROAD FORCE. Date
Weather

DAILY REPORT OF CONSTRUCTION. Name of supt. .

Force Report.

Title.

a

1

Eflective labor days.
Lost labor

days.

1
1
O

8

C3

>
03

MO
Sh

»
O
o

1
>

X

xi

o So

c2'C

C3 cy

'ft

2
P.

5

bjO

a
'a

.9
X

o

M
g

3

O

•S

g

05

g

a
"3

§
o

a

s
03 .

il

03
O

OS

B

1

.si

r
CO

i
02

bi
H

o

03

a

g

bi

g

03
!-<

'd bi

032
bo
n

«

1
a

o

03

%

w

o
J3

t3

03 >>

.^
03

a

02
p
3

D
-a

p.

S
ca

O
1
o

II
1

1

s

S

1
1

i 1

1

§1
1

!

Teams.

i
i.

Report of Materials Used.

Item. Quantity. Rate. Amount. Account.

Progress Report.

..\ctivity.

Worked to-day. Completed.

Station to station. Station to station.

KORM H. SlZn:, 8 IJY lOi INCHES.
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Form No. 3.2.

.CONVICT ROAD FORCE.
( Name of County or State.)

REPORT OF CONSTRUCTION.

Account , Month of , 191.

.

Name of road Kind of road Camp No. . . Place Signature

Date. Superintendence

.

[

Hired labor Teams.

1

Convict
labor.

1

2
3
4
5
6

7
8
9
10
11

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31

-

Total days,

Wage

Board

Total rate

Total amount

Assumed
rate.

Assumed
amount.

Actual
rate.

Actual
amoimt.

Mateeials Used.

Item. Quantity. Rate. Cost. Item. Quantity. Rate. Cost.

Carried forward, Total cost,

Table of Unit Costs.

Quantity. Units.
Total cost
materials.

Assumed
labor
cost.

Actual Approxi-
labor mate imit
cost. cost.

Actual
unit cost.

Unit.

FOEM 9. SIZE, 124 BY 16 INCHES.
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Form No. 4.1.

CONVICT ROAD FORCE.
(Name of County or State.)

PRISONERS' TIME SHEET.
Camp No. Place, Month of , 191.

.

Signature, , Supt.

Prison
No. Name. Days on

road.

Days
camp
duty.

Days
bad

weather.

Days of
sickness.

Days,
Sundays
and holi-

days.

Total
number
days.

Tot£ 1 carried forward

Form No. 4.2.

FORM 10. SIZE, 8 BY W, INCHES.

, CONVICT ROAD FORCE.

Camp No.

(Name of County or State.)

MOVEMENT OF PRISONERS.

Place, Month of

.

Signature,

.,191..

., Supt

On hand first day of month
Received during month
Recaptured and returned during month.

.

To be accounted for

Discharged

Pardoned or paroled

Died

Escaped during month, and still at large

.

Sent to

Convicts on hand at end of month

Total (should agree with total above)

.

Remarks:

FORM 11. SIZE, 8 BY lOi INCHES.

Form No. 4.3.

Number of camp.
Place

( Name of County or Stale.)

CONVICT ROAD FORCE.

DAILY REPORT OF SICKNESS.

Date of Illness

Day of illness (as 1st, 2d, 3d, etc.;

Name of convict

Of what does the convict complain?

What signs of sickness did he show to-day V

Wiiat treatment was given to-day?

Wa.s he seen by the doctor to-day?

Doctor's diagnosia to-day

Signature of superintendent

.

FORM 12. SIZE, 8 By lOJ INCHES.
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DISCIPLINE AND METHODS OF CONTROL.

As stated elsewhere in this bulletin, one of the most serious objec-

tions to the employment of convicts on road work or other form of

outdoor labor is that such employment invariably presents greater

opportunity for escape than any work conducted entirely within

walls. When the work is well conducted this disadvantage is out-

weighed by more favorable considerations, but it is generally accepted

that every effort should be made to reduce the number of escapes to

a minimum, and in order to accomplish this, the system of discipline

and methods of securing the prisoners must be well adapted to the

special conditions of the work and the particular character of the

convicts.

Until a few years ago all convicts employed in the open were
restrained by armed guards and chains and were distinguished from
free citizens by suits of striped material and, frequently, by shaven
heads. This system of discipHne will, for the sake of distinction

in the following discussion, be termed the "guard system." Lately,

however, there has been developed another plan under which the

security of the convict is placed largely in his own hands, and this

is popularly known as the "honor system." A number of State

wardens have inaugurated work under this system with much appar-

ent success, and the more enthusiastic of its supporters advocate

its general adoption by all the States. But conservative officials

hesitate to attach value to a system which depends so largely upon
what they believe to be the questionable honor of a convict. In the

controversy that has arisen between the adherents of the two systems,

much misunderstanding and confusion has resulted from a failure

on the part of each group to understand the aims and purposes of the

other, and by an erroneous belief in the sufficiency of one system or

the other.

In the attempt to clear up this confusion the principal methods
of discipline practiced under each system are briefly described

herein, with reference to the most noticeable limitations and advan-

tages of each.
THE GUARD SYSTEM.

This system of discipline is practiced in one form or another in

connection with road work in the States of Alabama, Arizona, Cali-

fornia, Delaware, Florida, Georgia, Kentucky, Louisiana, Missouri,

Minnesota, Mississippi, New Jersey, New York, North Carolina,

North Dakota, Oregon, South CaroMna, Tennessee, Texas, Utah,

and Virginia.

In its most rigorous form it is practiced in the southeastern States

of Alabama, Florida, Georgia, North and South Carolina and Virginia,

Here prisoners while at work in the open are under the constant sur-

veillance of guards armed with double-barreled or repeating shot
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guns and revolvers, the ratio of the number of guards to the number
of convicts varying from 1 to 8 to 1 to 15. In all except Virginia the

guards also act as foremen in charge of the road w^ork; in the latter

State they are given no authority over the work of the convicts, but

confine their attention to the guarding of the prisoners, and the dis-

tance which they are required to maintain between themselves and

the prisoners to prevent surprise or attack renders them practically

valueless as foremen. Convicts who are regarded as particularly

dangerous or likely to escape are shackled during the day with leg

chains of various forms intended to limit the stride and prevent

rimning; and occasional instances of the use of the ball and chain

principally as a punishment for attempted escape, are still to be

found. As a rule, all convicts, regardless of character, are clad in

striped uniforms, though Georgia has adopted a plan by which they

are divided into three grades, according to conduct and character^

and prisoners of the first two grades are no longer required to wear
stripes. In Virginia jail prisoners employed on the roads by the

State highway commission are dressed in brown. For securing and
housing the convicts at night steel or wooden cages on wheels are

extensively employed in all the States except Virginia, but tents and
cheaply constructed shacks also are used, and permanent stockades

are provided in a few counties. In Virginia the camp structures are

practically uniform in character, and consist of light shelters con-

structed with metal roofs and canvas sides. In these latter structures

and in the tents and shacks of other States, the convicts are generally

secured by means of their individual leg chains to a long continuous

chain, the two ends of which are locked, and in addition to these

measures one or more night guards, armed in the same manner as the

day guards, are usually provided. It is the common practice to em-
ploy the prisoners on the roads throughout the daylight hours, allhands
being marched to the work in squads under armed guard as early as

practicable after sunrise and returned to camp in the same manner
just before dark. But little opportunity for recreation is provided,
though a few sergeants, superintendents, or wardens, as the overseers

are variously called, permit indulgence in outdoor games on Saturday
afternoons and Sundays. Invariably, however, convicts are kept
within the camp limits at all times except while at work and the gen-
eral practice is to keep them '

' on the chain" or in their cages on Sun-
days and holidays. Privileges are limited to the infrequent reception
of visiting relatives, the writing of occasional letters, and the issuance
of the weekly ration of tobacco. As a general rule, all prisoners are

accorded the same treatment, though in all camps a few prisoners of

the better sort, those with short terms, those who are bound to the

neighborhood of the camp by family ties, or those who for any
reason are unlikely to attempt to escape, are appointed as

'

' trusties.

"
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These positions are created to meet certain requirements of the

work where guarding is impracticable, as in the case of men who
may be used in the positions of drivers, Waterboys, or camp men
but whose disciphne differs but little from that of the "gunmen,"

aside from their assignment to somewhat lighter and more agreeable

tasks. The trusties in these southern camps comprise from 5 to 50

per cent of the total population, the average ratio being about 20

per cent.

Except in so far as it involves compulsory labor and regularity of

life, the system of discipline, as practiced in this section, is not reforma-

tory. In a number of camps provision is made for rehgious instruc-

tion by the employment of a mhiister to make weekly or monthly

visits to the camps, but, in general, the convicts depend for such instruc-

tion upon the negro preachers who are found frequently among their

number. In practically all camps the races are separated by pro-

viding separate sleepmg quarters, or at least by the segregation of

each race in different sections of the same structure, and at meals,

also, the races are segregated.

In a few camps, negro women are employed as cooks and camp
helpers, but this practice is condemned by the large majority of

officials. Whipping is practically the only form of punishment

administered. In all of the States of this section the authority to

administer such punishment is reposed only in the superintendent or

chief camp officer, and the number of lashes which may be infficted

at one time is restricted by law in some States. The lash is usually

apphed to the bare back, though this practice is forbidden in the

States of Florida and Georgia. Good behavior and satisfactory labor

are rewarded by the granting of "good time" in aU the Southern

States, with the exception of Alabama. Such deductions from the

legal sentence vary in the different States; thus in South Carolina

the allowance is 1 month per year; in North Carolina 5 days per month;
in Georgia, county misdemeanants are allowed 4 days per month,
while State felons who have attained the first grade may be paroled

at the termination of their minimum sentence; in Florida the amount
of the deduction is graduated from 2 days to 10 days per month
for the first 9 years and 15 days per month for the tenth and all

succeeding years. Bloodhounds are kept in a majority of the

southern camps for use in the recapture of prisoners who attempt to

escape, and it is beHeved by those who use them that their mere
presence exercises a salutary effect.

The foregoing are the principal features of the most rigorous

form of the guard system. In some States, notably in New Jersey,

New York, Oregon, Arizona, and Utah, many of these features have
been modified materially without aboUshing the system in its entirety.

In aU these States the use of striped clothing has been entirely dis-

continued, and the result of the change is regarded as a success.
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Shackles of all kinds also have been discarded. Though in the three

western States named the guards are armed with revolvers and rifles

and are about as numerous in proportion to the convicts as in the

southeastern States, in New Jersey and New York the guards carry-

only concealed revolvers and each one is responsible for the security

of 20 or 30 convicts. In these States, and the North and West gener-

ally, the convict cage and the night chain are not tolerated by public

opinion, and apparently the same degree of security is obtained

instead by the use of stockades, substantial buildings, and night

guards.

In the road camps of Utah, where tents ^re used exclusively, a

high degree of perfection in the prevention of escapes hasbeen attained

without the use of chains. The tents are pitched within a square of

approximately 150-foot dimensions, the Hmits of which are marked by
a smgle-strand wire fence. At two diagonally opposite corners of

the inclosure and immediately outside the fence are two smaU guard

tents, and the only opening in the fence is near one of these tents.

Situated at the corners, each of these guard stations commands a

clear view of two sides of the inclosure, and guards are on duty

at each station at aU times when the convicts are in camp. At each

of the guard corners are two strong locomotive headlights, so directed

as to illimiinate the two sides guarded from the respective corners.

Convicts are forbidden to enter or leave the inclosure except by way
of the single entrance and they are cautioned on pain of punishment

not to approach the fence at other points, while at night no excuse

is considered sufficient to justify a convict in approaching the fence

at any point without permission. Working under this arrangement

with a force of men maintained at approximately 70 for three years

up to November 1, 1914, there had been only one escape, a record

which hardly could have been improved upon had every man been

chained night and day.

In aU the States of this group convicts assigned to road work are

selected especially with reference to their moral character and their

general fitness for the work. The discipline of the road camp is

markedly less severe than that of the prison from which they are

removed, and eight or nine hours of labor is the rule. More or

less latitude is allowed the prisoners in the employment of their

time after working hours, games, periodicals, and books being pro-

vided for use between supper and the retiring hour, which is, as a

rule, about 9 p. m. In New Jersey and New York particular atten-

tion is paid to this matter, and baseball games and other outdoor

sports are arranged regularly during the season for Saturday after-

noons. Whipping is not permitted, and the only punishments which

are sanctioned are deprivation of meals, and return to the peniten-

tiary, except that in Arizona prisoners may be punished for minor
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infractions of camp rules by confrnement, on short rations, at the

camp in a wooden jail or lockhouse. In this group of States convicts

assigned to the road camps receive an allowance of ''good time,"

under provisions of law similar to those already mentioned as apply-

ing in the Southeastern States. But in Utah the special character

and labor of the road men is recognized by granting to them an addi-

tional deduction amounting to four months for each year of service

on the roads. By reason of the fact that the road men in these

States are especially selected for the work, aU are regarded as equally

trustworthy, and "trusties," as the term is used in the southern camps,

are not selected, but such positions as drivers and water boys may
be filled almost indiscriminately from the camp population. While

blood hounds are not used, every effort is made to recapture escaped

convicts by means of widely distributed advertisements and rewards,

and the penalty for attempted escape is return to the penitentiary

upon recapture, with the loss of all credits in "good time" and the

loss of the larger privileges of the camps.

In all sections there is a decided feeling among prison and camp
officials that free laborers should not be employed in conjunction with

the convicts, but in a number of instances free men have been em-
ployed as drivers, roller engineers, steam-shovel operators, dyna-

initers, and in other positions necessitating the employment of skilled

labor. Every effort is made to limit the intercourse of such em-
ployees with the convicts in order to prevent the introduction of

intoxicating liquors, morphine, and opium into the camps, and in

some States the act of furnishing a convict with any of these liquors

or drugs constitutes a legal offense punishable by fine or imprison-

ment.
THE HONOR SYSTEM.

This system of convict discipHne originated in the West. From
the best information obtainable it was practiced to a limited extent

m Montana as early as 1894, but it did not attract general notice

until more than 10 years later, when it was adopted by Colorado and
New Mexico. Following the lead of these States it has since been
adopted and practiced, to a greater or less extent, in connection with

road work in the States of Arizona, Idaho, Illinois, Michigan, North
Carolina, Nevada, Oklahoma, Oregon, Texas, Washington, West
Virginia, Wisconsin, and Wyoming, and it is possible that in connec-

tion with other work it has been practiced in some of the other States.

It is adaptable to the government of only a part of any convict popu-
lation, and in all the above States convicts assigned to work under
it have been confined previously in the State penitentiaries, where
they have been under observation for a sufficient length of time to

make a character determination possible. After such a period of

probation, however, the prison officials of the States which have
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adopted the system find that it is possible to so employ from 10 to

50 per cent of their respective prison populations, the proportion

varying somewhat according to the character of prisoners dealt with, the

proportion employed in the majority of States being from 20 to 25

per cent. Under this system, as its name implies, much dependence

is placed in the honor of the convict; but it should not be supposed

that prisoners are worked under it absolutely without guard, for

though the superintendents and foremen are not armed and are

responsible for from 15 to 30 convicts each, instead of 10 or 15, as

under the guard system, they are, nevertheless, able to make their

surveillance practically as close as is usually thought to be necessary

in the case of the trusties of the guarded camps. Furthermore, it is

found that the men themselves, reahzing that the hberties and privi-

leges of all are dependent upon the conduct of individuals, will go a

long way toward regulating their own conduct and preventing

escapes. With the exception that not even concealed weapons are

carried by the officers of the honor camps, the discipline is very

similar to that in the camps conducted under the modified form of

the guard system as practiced in New Jersey and New York. As in

the camps of those States, the uniform of the men is not particularly

distinctive, there is no whipping, no chaining, no employment of

bloodhounds, and the order of the camps is largely dependent on the

granting and withdrawal of privileges and not upon the imposition of

positive punishment. The inducements which are held out for good

behavior and faithful work are

:

A more Liberal reduction in sentence than that granted to other prisoners. This

usually amounts to from 5 to 10 days per month, in addition to the regular or statutory

good time.

The freedom of the vicinity of the camps after working hours.

Permission to indulge in baseball games, quoits, and other outdoor sports in the

evening.

Occa.sional visits singly, in groups, or in a body to a near-by town, and occasional

attendance at a theater or entertainment.

Very liberal mail privileges.

Better food than the guarded convicts receive.

In a few States, the payment of a cash per diem.

Furthermore, when, as usually is the case, the honor system is em-

ployed in connection with the indeteiininate sentence, convicts

assigned to road work may be given the opportimity of parole at the

expiration of the minimum sentence or shortly thereafter.

Punishment is effected by the withdrawal, either temporary or

complete, of any or all the above privileges, and under the indeter-

minate sentence the offending inmate may be required to serve the

maximum sontcricc for his offense. However, it is the invariable riilc!

wherev(!r the honor system is practiced that serious infractions of the
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rules shall be followed by immediate return of the offender to the

penitentiary, where the prescribed punishment is administered.

In two States, Washington and Texas, the honor system is appHed

only to conditionally paroled convicts, who are required to enter into

"honor agreements" or contracts with the governors of the States,

in which they promise to work faithfully and well under the conditions

prescribed, either until given final release, as in Washington, or for

a specified period of a year, as in Texas. In the former State, a cash

per diem of 50 cents is paid and in the latter a similar per diem of

25 cents is granted under the terms of the contracts. In both these

States, however, the disciplinary measures effective in the camps are

in all essentials the same as in other States.

COMPARISON OF THE GUARD AND HONOR SYSTEMS.

The guard system may be adopted effectively, as it has been in

the South, for the discipline of convicts of all classes. The honor

system, on the other hand, is apphcable only to a selected number
of any prison population, and can not, with safety, be indiscriminately

apphed. However, in maintaining the security of those prisoners

who are employed under them, the two systems appear to be equally

effective, as will be noted by comparison of the following percentages

of escape reported from a number of States using each system. In

the road camps of New York and Utah, the number of convicts

who escaped in 1914 formed less than one-half of 1 per cent of the

total number of individuals handled; in New Jersey the proportion

was 2.5 per cent; in Virginia 3.5 per cent; and in the counties of

North Carohna, South CaroUna, Georgia, and Florida the percentage

varied from 1 to 6. AU the foregoing States employ some form of the

guard system, yet the percentages of escapes sustained are roughly

the same as in the following States, which employ the honor system

in their road camps: Oklahoma, 1 per cent; Colorado, 1.2 per cent;

Kalamazoo County, Mich., 2 per cent; New Mexico, 3 per cent;

Washington, 3.5 per cent, and Montana, 5 per cent. It wiU appear by
examination of the above statistics that the lowest proportions of

escapes were registered in the States of New York and Utah, in

which a modified form of the guard system is apphed to a selected

group of convicts; but it should be stated that in the Southern States

in which the convicts are employed indiscriminately under the

guard system with its chain gang, the majority of escapes occur in

the trusty class. It is urged in favor of the guard system in the

Southern States that under it large numbers of convicts hcve for some
time been safely employed at work on the roads; that their work has
been largely productive in the construction of many miles of improved
highways, and that during the time they have been thus employed
the States have been relieved of the burden of maintaining expensive



CONVICT LABOE FOE EOAD WOEK. 61

penal institutions. Under no other system of discipline would it have

been possible to have employed such large numbers of convicts in

this way. But aside from these alleged economic advantages very

Uttle can be said in favor of the chain gang and the system of dis-

cipline which alone renders it possible. It comprises no conscious

reformative measures, and except for the fact that it provides com-

pulsory and regular outdoor labor for a class of individuals who are

habitually averse to it, it can show no reformative results. It entails

the exposure of the convicts, subjects them to unnecessarily severe

punishments, and, except in the South, is not tolerated by pubUc
sentiment. The economic advantages in the form of the road work
performed which are urged ia justification of the discipline are

doubtful, but this phase of the problem has been taken up in detail

under the topic of economics. The modified forms of the guard sys-

tem practiced in New York, New Jersey, and Utah are not open to

such serious objections, but except for the fact that the guards in

these States are armed either with concealed or exposed weapons, the

discipline in these States embodies many of the characteristics of the

honor system.

The honor system, discriminately appHed, is shown by the statis-

tics given above to be fully as effective as the guard system in pre-

venting the escape of the convicts worked under it; and from the

standpoint of the peace and security of the community, the escaped

"honor convict" is likely to be less dangerous than the prisoners

who escape from a guarded camp, for the very reason that the

former is presumably of higher moral character than the latter.

Judged upon an economic basis, the honor system should result in

some lowering of cost, although part of the saving through dispensing

with guards is expended in supplying the convicts with conven-

iences and comforts not usually furnished under the guard system.

Furthermore, the honor convicts may be more efficiently distributed

than is practicable under the guard system.

The selection of prisoners for such employment under the honor

system is a task requiring the greatest judgment and care, as well

as experience in the study of criminal character. Full consideration

should be given to the history of the individual prisoner prior to con-

viction, his habits and associates, the character of his offense, the

circumstances suiTounding its commission, and his traits of character

as observed during the probationary term of close confinement,

which should not only be long enough to make an intelligent choice

possible, but also to impress upon the convict the necessity of sub-

ordinating his will and desires to those of others.

No hard and fast rules can ho giv(in to gov<^rn the selection of

lionor men. A few prison officials believe that it is safe to trust only

prisoners with roiativc^ly short teiTns, arguing that the temptation
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to escape is almost irresistible to the man who has the prospect of a

long term of imprisonment to face. Yet the experience of the

majority of officials is that the long-term man is not much more

likely to attempt escape than the short-term man, and there ate on

record innumerable instances of the escape of prisoners with only a

few days left to serve, whereas "lifers" are to be found serving

faithfully and well in many honor camps. The character of the

offense committed is considered by some oflBicials in the selection of

their honor men, preference being given usually to prisoners con-

victed of impulsive crimes where it can be found that the commission

of the criminal act was surrounded by extenuating circumstances.

Many prisoners serving sentences for murder, manslaughter, assault,

and grand larceny are found to be absolutely trustworthy when
placed on honor. But, in general, there is considerable hesitancy in

trusting to the honor of the sneak thief, the pickpocket, the burglar,

or any prisoner convicted of a petty crime against property.

The physical environment in which the convict will be placed on

honor also should exercise an influence upon the selection of the

honor men. The presence of a city or town near the honor camp
oaUs for the use of greater discrimination in the selection of the camp
inmates than is necessary in manning a camp which is located remote

from a center of population. The trusted convict should not be

subjected to temptation greater than he is capable of withstanding.

Therefore, in proportion as the location of the camp affords greater

or less opportunity for escape a higher or lower standard of trust-

worthiness must be set for its inmates.

That the honor system can not be applied successfully to negroes

is asserted by many experienced prison officials. Their opinions

are based upon long experience with negro character and its pecu-

Harities. They point out that the majority of attempts to escape

from the southern chain gangs are made by negro trusties. How-
ever, the positions of the chain-gang trusty and the honor man are

not comparable. It has been already stated that the former is

trusted as a matter of convenience only. Off the work he is accorded

much the same treatment and is governed by the same rigorous dis-

cipline as the "gunmen." On the other hand, when the honor man
returns to camp after his day's work is done he is accorded many
small liberties and privileges which have the effect of convincing

him that he is in fact, as well as in name, a trusted man, and tend to

promote his self-respect and the desire to merit the respect of others,

in addition to rendering the lure of the free life around him a little

less hard to resist. That the negro criminal may be safely employed
under the honor system has fortunately been demonstrated by actual

experience in a number of States. In Colorado and the other Western
States, though they naturally form only a small percentage of the
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populations of the camps, the negroes are not noticeably less amenable

to the discipline than the whites. In West Virginia, where the sys-

tem has been in operation since 1913, and where more than half of

the convicts employed under it are negroes, it is reported that of

18 attempts to escape made in 1914, 16 were by white men and
only 2 by negroes. But the most convincing proof of the amena-

bility of negro prisoners to honor-system discipline is that which is

being recorded daily in the experimental convict camp established

by the commissioners of Fulton County, Ga., in cooperation with

the Office of Public Roads and Rural Engineering. At this camp,

established in January, 1916, with a population of 40 negro convicts

drawn from the guarded camps of the county, not a single attempt

to escape has been reported in the seven months during which it has

been in operation. Whipping as a punishment has been entirely

abandoned, and the foremen in charge of the men are entirely un-

armed, yet the discipline is satisfactory in every respect and the

industry of the inmates is above the average. Inasmuch as it is con-

ceded by all persons of experience in dealing with convicts that the

most dangerous period in the life of an honor camp is that immedi-

ately after its inauguration, the results of this experiment in the

heart of the South must carry considerable weight as evidence of the

fitness of the negro convict for a reasonable form of the honor system.

The character of the warden or prison superintendent who makes
the selection of the men to be trusted and of the sergeant or deputy

warden who is placed in charge of the camp has, of all factors, the

most influence upon the success or failure of the honor system. It

may almost be said that unless these officials are possessed of the

abihty to win the respect of the men and cultivate sentiments of

loyalty and pride the system is foredoomed to failure.

GRADED SYSTEM OF DISCIPLINE.

From the preceding discussion it must be evident that the honor

system of discipline can be applied to only a part of the entire popu-

lation of any penitentiary or convict force. The reports of the pro-

portions of men trusted in a number of States under the honor sys-

tem and guard system, respectively, seem to indicate that under

average conditions about 25 per cent of any force responds favorably

to a reasonable measure of trust. The remainder must be guarded

more or less strictly to prevent their escape. Success of a certain

kind can be obtained by treating all convicts alike and subjecting

all to the rigid discipfine necessary for the government of the worst,

but such a plan imposes unnecessarily severe restraint upon the

better class and ignores the very considerable disciplinary value of a

policy of treating the convict according to his deserts. The tendency

of modem penology toward an increasing recognition of the shades

53577^—BuU. 414—16 5
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of character among convicts and toward the substitution of rewards

for penalties as far as possible can best be furthered by the adoption

of a graded system of discipline in which both the guard system and

the honor system have a place. The method of classification must

necessarily be determined with respect to particular local condi-

tions, and the following suggested system is presented as an example

to indicate the proper bases of classification rather than as a recom-

mendation for general adoption.

Class I.—This class should be quartered at the State penitentiary

or the county workhouse or concentration camp. All recruits should

be received into this class to remain a sufficient length of time to

permit a determination of their character to be made. While they

remain, they should be employed in the prison shops or at such

indoor industries as may be provided where there is no elaborate

prison estabhshment. As soon as they are classified they should be

distributed among the other grades, and only those who are appar-

ently best fitted for shop or indoor work should remain permanently

in this class.

Class II.—To this class should be assigned all convicts who are

evidently best fitted for hard outdoor work, but who are of such des-

perate and untrustworthy character as to require constant guarding,

and whom it would be impossible to employ outside of an inclosure

without shackhng and clothing in striped uniforms. This class may
very properly be employed within an inclosed stone quarry, a brick

plant, or on a large farm, where the convicts can be entirely with-

drawn from all contact with the public. They should be clothed in

such distinctive clothing as stripes, which will attract immediate

attention in case of escape owing to the fact that under this system

convicts regularly employed in pubhc will not be so clothed.

Class III.—^This class should include convicts of a less dangerous

nature than those assigned to Class II, and of such kind as to permit

of their employment on the pubfic roads without shackles or striped

clothing and under a relatively fight guard. They should be employed

on works of heavy grading or in exposed quarries or at other work
which is weU adapted to the employment of gangs of not less than

10 men each. Convicts of this class may be clad in blue uniforms.

Class IV.—To this class should be assigned all convicts well fitted

for outdoor work who can be trusted to work under the honor sys-

tem. Clad in suitable uniforms they may be employed to advantage

on all classes of road work. As an incentive to labor and good con-

duct, a small daily compensation should be provided for convicts of

this class, and such compensation could be paid readily from the

amount saved by the elimination of guards.

Class V.—This class should consist of convicts paroled from Class

IV, who should be given an opportunity to serve their paroles as
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patrolmen on tlie maintenance of State or comity roads. They should

wear no regular uniform and should receive the full compensation of

free laborers, but, during the period of their parole, they should be

required to report monthly to a designated officer with regard to

their satisfactory observance of the conditions of parole.

Provision for promotion or demotion of all convicts through the

various grades, as the reward of merit or the punishment of misbe-

havior, will go a long way toward the mitigation of the cruelty of

punishments, as the severest forms will be approached only by
gradual descent, except in cases of violent assault, mutinies, and riots.

CAMP LOCATION.

" As a rule, it was found that the officers in charge of the camps
investigated were possessed of a general knowledge of the cardinal

principles of camp location, and had applied their knowledge fairly

effectively in the selection of their sites.

Accessibility to the road work was in general their first considera-

tion, and usually their policy was to select the site near the center of

the section of road to be improved. The average distance which it

w,as considered practicable to cover from one location was 3 miles.

For more exact determination of the site the proximity of a supply

of good water was considered as the controUmg factor, though in the

majority of cases it had not been thought necessary to make any

special investigation of the character of the water they were using.

Whenever practicable, the site was selected near naturally flowing

sources of water, such as springs, mountain streams, and lakes, or

when opportunity offered use was made of city water supplies and

the wells of farms or residences close at hand. The digging of wells

was avoided, where possible, on account of the expense involved, but

when the impracticability of other sources made that expedient nec-

essary there was an evident tendency to make a shallow, well suffice.

The camp sites were usually high enough to secure dry soil and fair

natural drainage, and several of the camps inspected in the Western

States were splendidly located on the high banks of rivers or on

knolls protected from the wind by trees. Other camps, both in the

East and West, were established near the foot of hills and were ex-

posed to flooding in rainy weather. It was not always possible to

avoid locations of this character, and when the camps were allowed

to remain only during the dry summer months little difficult}'^ was
experienced. As a rule, the camps in the Eastern States were aban-

doned during the severe winter months, while those in the South and

far West were maintained throughout the year. Locations for win-

ter quarters generally wen; chos(;n with considerable care, and every-

thing that reasonably could be expected was done for the health and
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comfort of the men. In one of the Western States it has been the

custom for several years past to move a camp of about 50 men
more than 200 miles from its base and over 100 miles from a railroad

in order to reach a climate sufficiently mild for the men to be em-

ployed during the winter months.

A few camps, most of them m the Eastern States, were laid out on

rather marshy ground in the vicinity of pools of stagnant water.

However, these were only temporary, and the officers in charge,

while quite aware of the undesirability of the locations, stated that

they were unable to find any land in the vicinity of the work which

afforded better sites.

In one camp a bunk house was built under a very large tree with

foliage so dense that the sun never could penetrate it. The structure

was provided with board sides and a canvas roof, and the only open-

ing was a single door at one end. As a result, its interior was dark

and musty even in dry, midsummer weather.

CONSroERATIONS WHICH SHOULD GOVERN THE SELECTION OF A CAMP SITE.

By selecting the site at the intersection of two or more roads which

are to be improved, the mileage which may be constructed from one

location may be increased proportionately.

The S-mile limit mentioned above is fixed by consideration of the

time required to transport the men from the camp to the work and

back, and it depends therefore to a large extent upon the means of

transportation employed. It is approximately correct when the men
walk to work or are transported on the work wagons drawn by slow-

moving mule teams, but if motor trucks are used, as is done in some
instances, this distance may be increased to fully 7 or 8 miles with no

sacrifice of economy, provided the general condition of the road sur-

faces permits the use of the trucks.

By judicious arrangement of the work and the exercise of a certain

amount of foresight, it may be possible often to select a location for

a camp which can be occupied for a period of five years or more if

motor trucks are used, and from which all the roads lying -wdthin a

radius of 7 or 8 miles may be worked. Furthermore, by a wise dis-

tribution of such camps over the county it may be possible to build

them as permanent camps to serve their sections whenever there is

work to be done in them, and so avoid entirely the necessity of

moving or rebuilding camp structures. As stated, the success of

such a system will depend upon the suitabiUty of the roads, grades,

and natural conditions for truck transportation; it wiU also depend
upon the extent to which the truck can be employed for camp pur-

poses and for road work when not used for transporting men. The
system is being employed in a number of localities with apparently
satisfactory results.
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The general location of the site being thus determined with regard

for its proximity to present and future work, other important factors

serve to fix its position definitely. Most important of these factors

is the availability of an adequate supply of good water, to secure

which some sacrifice in distance from the work is justified.

Of the various sources from which water is obtained springs are

most highly valued by a m.ajority of people, because of their gener-

ally high degree of purity and the coolness, cleanness, and pleasing

taste of the water. Springs are most frequently found under the

slopes of hills, and except in rare cases it is impracticable to establish

a camp directly at the site of a spring. It is therefore generally neces-

sary to carry or pipe the water to the camp from a considerable dis-

tance, but this distance may be a distinct advantage owing to the

fact tnat the danger of pollution by surface or subsurface washings

from the camp is materially lessened.

Camps located in thinly populated mountainous sections fre-

quently may be so placed as to receive their water by gravity from a

mountain stream. "WTiile this is a very cheap and satisfactory form

of supply it necessarily must be limited to those camps which are

near an uninhabited watershed. For this reason it is imperative,

before choosing a site depending upon such a supply, that a careful

sanitary survey of the stream and its watershed be made, to avoid

dangerous pollution by possible camping parties, even though no

permanent dwellings may be found.

The selection of camp sites in sections where the underlying rock

is limestone is a problem of especial difiiculty, as explained under

the topic of camp sanitation.

In cases where it is impossible to secure a site sufficiently near to

a naturally flowing source of water it will be necessary to dig a well,

in which case the aim should be so to select the site as to reduce to

a minimum the cost of reaching water.

Whenever possible, the camp should be located on elevated and
well-drained ground, as far as practicable from marshes, swamps, and
pools of stagnant water, and in such direction from them that the pre-

vailing wind in summer is from the camp to the swamp rather than

in the opposite direction. The top of a low ridge, the summit of a

knoll %vith gently sloping sides, or the high bank of a river is very

desirable.

It is important that the location shall be such that the drainage

from the camp shall not pollute the grounds and water supplies of

dwellings or settlements in the vicinity; anrl it is equally important

that the camp site be removed as far as possible from stables, pig-

pens, and other fly-breeding places not under the control of the camp
authorities.
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For camps designed for occupancy in winter weather a slope to

the southward, mth trees to break the force of the wind, is the most

suitable location, but for hot-weather sites it is advisable to select

high ground shaded by trees.

A side-hill site or one at the foot of a hill may be improved greatly

by digging an intercepting ditch on the uphill side of the site to receive

the surface water from the higher ground and carry it around the

site. A similar expedient usually is adopted for the protection of

tents. In this case, instead of a single ditch a number of small

ditches are dug, one immediately around each tent.

The grouping of trees should not be so close nor their foliage so

dense as to exclude the rays of the sun completely, for under these

conditions the ground may remain moist and the buildings may be-

come damp and unhealthful. Underbrush should be cleared away
thoroughly because, in the presence of moisture, it affords breeding

places for mosquitoes and also gives them protection in their flights.

Closely cut grass on the camp grounds offers many advantages. It

prevents the washing of the soil by rains, does not reflect the heat

and glare of the sun, and aids in the prevention of mud and dust.

The most suitable soils for camping purposes are gravel and sand,

as rainwater sinks into them quickly and the surface dries rapidly.

Loams, so-called top soils, and sandy clays, while not so good as sand

or gravel, are usually satisfactory. Clay is least desirable for the

reason that it absorbs and holds a great deal of moisture which is

given up but slowly by evaporation, and is especially disagreeable

after a rain.

The site should be selected with a view to the disposal of the sewage,

animal, and kitchen wastes of the camp; and a good site will afford

a suitable location for the burial of this refuse or for a cesspool or

other arrangement not less than 100 yards from the prospective

location of the buildings, and in such position as to avoid the pollu-

tion of the water supplies of men and animals.

All of the sanitary conditions of a prospective site proving satisfac-

tory, it should be examined with respect to its suitability for the ac-

commodation of the necessary buildings, roads, and walks. It should

afford a level or slightly sloping area of sufficient size to permit the

convenient grouping of all buildings or structures without crowding.

It is important from the standpoints of economy and cleanliness that

grading for the reception of buildings be avoided. The sod should be

preserved intact, particularly on a clay soil, to prevent the forma-

tion of mud and dust. Large or important structures should be sepa-

rated by a distance of at least 30 feet to minimize the risk of spreading

fu"e. Furthermore, the conformation of the site should permit the

arrangement of the sleeping quarters, kitchen, and mess buildings of

convicts and officers so as to admit as much sunlight as possible. To
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accomplish this it is necessary that these buildings be placed with

their longer sides facing east and west.

The camp should be located near the road under construction or on

a highway affording connections with the entire territory served by
the camp and with the nearest town or city. It is desirable that the

camp structm'es be elevated somewhat above the road and back from

it far enough to avoid the dust; but the ground contours should

be such as to permit economical construction of driveways and
approaches.

When convenient, it is desirable that the site shall provide a fairly

level open space where the convicts may be allowed to exercise imder

the supervision of their guards or officers and where, if possible, a

baseball diamond may be laid out.

A limited area to serve as truck garden where fresh vegetables may
be raised by the men is another desirable feature. In many camps
it is found that the convicts enjoy the light work involved in the

cultivation of the garden as a recreation after the day's work on

the road.

The purely aesthetic considerations should not be overlooked

entirely, as seems to have been done, unfortunately, in many of the

camps inspected. On the contrary, the grounds surrounding the camp
should be made as attractive as the conditions will permit. By saving

large and graceful shade trees when the site is cleared, by sowing grass

seed, by laying out and constructing walks of cinders or gravel, and

by planting a few flowers as walk borders or in beds it is usually pos-

sible to make even the most forbidding site reasonably attractive in

a short time and with little expense.

In selecting the site, thickly settled rural communities should be

avoided if practicable, and the camp should be located as far as pos-

sible from a large city in order to minimize the chance of escape which
the proximity of the city promotes; and, finally, after a site has been

selected tentatively, it is proper to make inquiries in the neighborhood

to ascertain the sentiment of residents regarding the presence of the

camp among them. Neighboring property owners often have pro-

nounced objections to settlement of convicts nearby, and whenever

possible this sentiment should be respected.

Plate I shows a contour map of a desirable camp location with a

good disposition of structures.

WATER SUPPLIES.

QUALITY.

Water obtained from any source may be sufficiently pure for use,

but before deciding to use any given source the purity of its water

should be dcUirmined by means of a bacteriological examination, and

a thorough survey of the imjuediate and remote surroundings should
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be made to ascertain that there are no probable sources of future con-

tamination which may be beyond the power of the camp officials to

correct. Chief of such sources of contamination are privies, stables,

barnyards, hog pens, pastures, and manured fields; and water sup-

pHes which can not be protected from the surface washings or direct

ground leachings from these sources should not be used.

Springs.

Twelve of the camps investigated obtained their water from springs.

As a rule, springs form excellent sources of water supply, since they

usually come from distant sources and are filtered through sand,

gravel, and soil before reaching the siu^ace; but occasionally they

may originate not far away, and in such cases the water is more likely

to be poorly filtered and easily polluted. Springs of the former class

usually may be distinguished by the fact that they show a steady flow

in both wet and dry weather and are not much influenced by the dif-

ferent seasons, while springs of local origin tend to disappear in dry-

weather and come up rapidly again immediately after a rain.

Though spiings usually are of a high degree of purity in the absence

of human settlements, when one of them is adopted as a water supply

for a convict camp it may become subject to poUution from the camp
itself, and unless its purity be safeguarded properly it may shortly

become unfit for use. This poUution may occur by the seepage of the

liquid contents of a privy, cesspool, sink, stable or garbage pit

through the soil into the water vein, or by surface washings, from these

and other soinces, into the spring pool.

Contamination by seepage can be prevented only by locating

the camp buildings, stock corrals, and other sources of pollution at a

sufficient distance from the spring to make sure that any hquids

which reach the ground water previously shall have become purified

by filtration through the soil. In general, none of the structures or

waste deposits should be located within a hundred yards of the spring

and, if possible, they should be located on another slope.

For protection from surface pollution, the spring should be inclosed

in a brick masonry or concrete box provided with a pipe inserted

in the side for the overflow of the water; and as a further protection

it is advisable to dig a ditch on the slope above the spring, so as to lead

the surface water aroimd the spring and into the overflow, as shown
in Plate II. On no account should buckets or vessels be dipped into

the spring for filling, but aU water should be taken from the overflow-

pipe. If the spring water be used for the coohng of food, a separate

box shoiild be built especiaUy for that purpose; and water for other

purposes, such as the soaking of tubs and buckets, may be obtained

from the overflow a safe distance below.

Spring water supphes in hmestone regions are subject to poUution
carried from distant sources through the fissures and crevices in
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the rock, as stated under the topic of camp sanitation; and, as it is

usually impracticable to find and correct the som*ce, springs in such

formations always should be regarded with suspicion.

Wells.

WeUs are of two general classes, shallow and deep. As a rule

shallow wells are dug from 3 to 6 feet in diameter to a depth of from

20 to 50 feet, while deep wells are bored or driven to depths of 100

feet and more, often well down into the underlying rock.

Both shallow and deep wells are subject to pollution from sur-

face sources and by subsurface leachings from privies, cesspools, and

other sources, as described in the foregoing treatment of springs.

However, deep bored or driven wells are less hable to pollution

than shallow dug or bored wells, as the former usually are incased

in metal pipes and the surface water, to enter the well, must filter

through the soil to the depth of the well, while in the case of shallow

wells, even when tightly fined, the surface water has a comparatively

short distance to filter before entering at the bottom of the well.

About one-fourth of the camps investigated were using well-water

supphes, and in general the surroundings of the wells were very

unsanitary. Usually the wells were shallow ones 3 to 4 feet in diam-

eter and from 12 to 30 feet deep. The main camp structures were

generally from 35 to 50 feet away, with a privy of the hole-in-the-

ground type not more than 100 feet distant and frequently at a some-

what higher elevation than the well. Stables and hogpens were in

close proximity and chickens and pigs were allowed to roam about

the camp. Laundering usually was done within a hundred feet of

the well and the laundry wastes were thrown almost invariably upon
the surface of the ground, while faces and hands frequently were

washed almost immediately at the well, the dirty water being wasted

on the ground. Such conditions as these almost certainly naust

result in the contamination of the water supply. The soil surround-

ing the well may remove the polluting substances at first by filtra-

tion but it soon becomes overburdened with organic filth, and finally,

unable to perform its purifying function, allows the contaminating

water to enter the well practically unchanged.

Wells in hmestone regions are subject to the same danger of pollu-

tion as springs in such sections, and always should be regarded as

of doubtful purity. When it is necessary to use a well in a lime-

stone country, frequent tests of the water should be made to ascer-

tain that no contaminating matter is being introduced.

Local pollution may best be prevented (1) by placing privies,

stables, and all other possible sources of pollution at a safe distance

from the well—never less than 200 feet—and on a slope below the

well; (2) by keeping the surface of the ground about the entire camp
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scrupulously clean and free from filth of all kinds; (3) by constructing

the well itself in such manner as to prevent the entrance of polluting

matter.
CONSTRUCTION OF WELLS.

A shallow dug well under ordinary conditions should be lined with

some impervious material, such as concrete, brick or stone laid in

cement and pointed on the inside, or terra cotta sewer pipe cemented

at the joints; and this casing should be built as deep into the well as

practicable. In temporary camps, those in charge usually feel that

they can afford neither the time nor the material to construct casings

of any of the materials mentioned above, and rather favor the use of

wooden casings, used more for the purpose of preventing the sides

from caving than for keeping out surface pollution. In such cases,

all precautions as to the location of the well in relation to privies,

stables, and other sources of pollution become more vital than ever.

The space between the wooden casing and the earth should be very

carefully fiUed with sand or earth tamped as the casing is put in.

Sand is preferable because it is of value in aiding in the purification of

any surface water which may percolate through it; clay is somewhat
unsafe for the purpose, as some kinds of clay shrink and crack on

drying, and if this occurs, polluted water may find its way through the

cracks to the weU. Wooden casings, however, should be used only in

temporary camps, if at all. When used for long periods they decay

and impart an unpleasant taste to the water, and in the end may be

more expensive than one of the more durable kinds of casing.

Driven wells are constructed by attaching a perforated point

to the end of a pipe from IJ to 4 inches in diameter, and driving the

pipe into the ground until water is reached. The water enters the

pipe through the perforations in the point, which are small enough to

keep out sand and gravel.

The upper end of the pipe usually is attached directly to a pump
by which the water is raised. The vibration of the pipe, caused by the

pump, often loosens the earth about the tubing so that a channel is

formed through which surface water may enter the well; and the

joints in the pipe also have been known to loosen so as to permit the

entrance of surface water. To obviate the former trouble it is neces-

sary to provide a heavy timber or concrete platform to which the

frame of the pump may be fastened tightly. The pipe should be

inspected occasionally with a view to the removal of all leaky and

rusted sections. Waste water from the pump should be carried by a

pipe or spout to a considerable distance from the well, and dirty

water never should be used in priming.

When a distance of 100 feet or more is traversed before water

is struck, the term " deep well" is commonly appMed. If, after water
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has been reached, the well is continued through the hardpan or rock

underlying it until another water-bearing level is reached, the well is

called an artesian well.

Such wells are usually made by sinking an iron pipe to the required

depth if the formation of the ground will permit, or by drUhng in stiff

soils and rocks. The water thus obtained usually has filtered through

the ground for great distances and generally is free from pollution

from human and animal sources. Such water may contain mineral

salts in great abundance, being in some cases so disagreeable to the

taste that it can not be used for drinking purposes. Questions are

asked frequently concerning the possible injurious effects of mineral

salts in water, and the methods of removing them. It is impossible

to define their ill effects, if any, and, in general, it is not practicable

to remove the salts.

To prevent the pollution of artesian wells from the surface it is

necessary to observe the same precautions to prevent the leaking or

rusting of the upper

sections of pipe, as

were outlined in the

discussion of driven

wells.

Both shallow and

d'-ep wells should

ve water-tight
ciirbs in addition to
* ipervious casings,

"! <r the drip from the

^5ump often is the

cause of serious pollution. The casing or Hning should extend 6 or

8 inches above the ground surface, and a concrete curbing should

be built over the top with a slope away from the pump opening in the

center. This cover should extend about 4 feet beyond the edge of

the well, with the outer edge raised sufficiently to force the waste

v/ater to run off through a tight drain tile, as shown in figure 1 . In

figure 1 there is also shown a method of protecting a well from direct

contamination by unfiltered surface water.^ To construct the cut-off

shown, the earth should be excavated for 4 feet outside of the regular

casing to a depth of 4 feet and an extra 4-inch coating of waterproof

Portland cement mortar should be placed outside of the casing. The
bottom of the excavation should be covered with from 4 to 6 inches

of the mortar, and the outer edge of this layer should be raised so as

to divert the seepage water to the tile drain. This arrangement will

prcivent from (jnUiring the wc^U any water which has not been filtered

through at least 4 feet of earth. A mcithod of making water-proof

Fig. 1.—Well protection.

' Suggi^stfd by K. JJartow In University of Illinois State Water Survey Bull. 7 (1909), No. 2.
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Portland cement mortar is described in Bulletin 230 of the Depart-

ment of Agriculture, which may be procured at 10 cents per copy

from the Superintendent of Documents, Government Printing Office,

Washington, D, C.

For the purposes of wells for temporary camps, in which a wooden

casing is used, a certain degree of protection may be obtained by
extending the wooden casing above the ground level and banking

around it a shield of earth, 18 inches deep at the casing and sloping

away from it to the ground level about 6 feet away.

If the water is to be raised from the well by hand, a hand pump is

better from a sanitary standpoint than the famihar rope and bucket,

since the bucket coming in contact with dirty hands may carry pollu-

tion to the water in the weU. The joint between the pump and weU
cover should be protected with a tin flashing to prevent water from

rimning back into the well.

If it be necessary to use a bucket, a shelf should be built on the side

of the windlass box, so that when not in use the bucket may rest on

the sheK instead of on the well cover. A better method suggested

by the United States Public Health Service consists of a closed wind-

lass box provided with an automatic device for emptying the bucket

through a spout. By this method the handling of the bucket is

avoided entirely.
Surface Water Supplies.

Surface water supplies are more liable to pollution than either

springs or weUs. Streams, lakes, and ponds receive a large amount
of contaminating matter washed from the section which they drain,

and usually the sanitary conditions of the up-stream watershed are

beyond the control of convict camp officers.

Double Water Supplies.

Though the practice of using surface supplies generally is to be con-

demned, it is sometimes impossible to supply more than the drinking

and cooking demands of a camp from underground sources. In such

cases it may be necessary to resort to a surface supply to obtain water

for washing and other purposes. This condition existed at one of the

camps visited, and river water was being used, without any hesitation

for general camp purposes, notwithstanding the fact that it was
known to be dangerously polluted, and had caused an epidemic of

typhoid fever. It is true that the water was heated when used for

bathing and washing clothes, but there could be no assurance that the

temperature was high enough to kiU the germs, nor, apparently,

was there any hesitancy in adding unheated water in sufficient

quantities to reduce it to a comfortable temperature for bathmg.

Furthermore, even when, as in the camp referred to, a pure water is

provided for drinking purposes, it is a well-known fact that many
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persons are absolutely thoughtless in regard to the water which they

drink, and an inferior water, if a little more convenient, will be used

readily. Though no mstances of this kind were reported at this partic-

ular camp, examples were not lacking in other places. At one camp
^

a "trusty" convict working on the road drank water from a raUroad

culvert in order to save himself the trouble of going to the regular

supply. It is significant that he was the only man at the camp who
contracted typhoid fever. At another camp where the men were

working under the honor system and were not under constant obser-

vation, several drank water from a river close at hand, although the

camp supply was not far distant. Four contracted typhoid fever.

The prisoners then were cautioned not to drink any water except

that furnished for their use, and no more illness occurred. From
the foregoing examples it is clear that danger may exist wherever a

surface supply is at hand. To sanction the use of such a supply for

any purpose whatever serves to increase the danger.

Whenever the use of such a supply is absolutely necessary, water

used for all purposes should be purified^ and the danger of using

the impurified water should be thoroughly drilled into the minds of

the convicts. Harmful organisms are killed by boiling, but it is

not certain that all the water used in the preparation of food will

reach the boUing point, and much of the water used in washing dishes

and clothing never boils. A method by which the danger may be

overcome more certainly consists of the addition to the water of

bleaching powder, otherwise known as "chloride of lime," "chlorin-

ated lime," and "hypochlorite." In the quantities in which it is

generally used for the purification of water for drinking purposes it

is harmless in its effect upon the human body, and its taste is almost

imperceptible. In cases where it is desirable to discourage the use of

the water for drinking, the bleaching powder may be used in sufficient

quantities to produce a disagreeable taste

The United States Public Health Service issues the following direc-

tions for the use of bleaching powder in the purification of water for

drinking purposes :
^

Prepare a solution of bleaching powder (chloride of lime) by dissolving one tea-

sjwonful of the frash substance in one quart of water. This should be placed in a

tightly stoppered bottle (preferably of dark glass) and kept from the light. To disin-

fect water, add one teaspoonful of this solution for each two gallons of water.- Stir

the water thoroughly and allow it to stand for fifteen minutes. At the end of that

time the disinfectant will have killed the disease germs and the water may be drunk

with a fair degree of safety.

As bleaching powdc^r loses its strength very rapidly when exposed

to tlio air, groat care must bo taken to keep it covered tightly in air-

tight containers.

' Public Health Bulletin No. 70, U, S. Public Health Service.
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QUANTITY.

The adequacy of the water supply of a convict camp is nearly

as important as its purity, and before a given source is decided

upon for use an investigation should be made to determine the

quantity of water it will supply per day, and its sufl3.ciency for the

purposes of the camp.

TTie customary uses of water in convict camps are for drinking,

cooking, kitchen washing, bathing, laundering, watering of stock,

and fire protection. When it is to be used for all of these purposes

the following table will give some idea as to the amount which should

be available:

Approximate quantities of water required per day.
Gallons.

For each inmate and officer 25 to 30

For each horse or mule 6 to 10

Foreachhog 2 to 3

Thus for a camp of 40 men and 5 officers, and maintaining 30

mules and 4 hogs, a minimum supply of 1,313 gallons per day will be

consumed, based upon an estimate of 1,125 gallons for the officers

and men, 180 gallons for the mules, and 8 gallons for the hogs. The
water consumption will vary from day to day and from season to

season, and will be greater in arid than in humid regions.

The amount of water supplied by the source should be somewhat
in excess of the estimated consumption to provide for excessive

drafts under unusual circumstances, and also to prevent the com-

plete draining of the source each day, which is undesirable. Thus,

for the camp assumed above, the supply should yield about 1,800

gallons per day, which represents a flow of 1 J gallons per minute.

If the source be a well, the determination of the flow and the ade-

quacy of the supply may be made as the well is dug by measuring

the amount of water baled out in a given time. If it be a spring, a

smaU bank of earth may be thrown up entirely around it, and in this

way it can be forced to overflow through a pipe inserted in the bank.

The flow then can be determined by noting the time required to fiU

a bucket or tub. When the source is a brook, there usually is little

doubt of its adequacy for the purposes of camps of ordinary size. A
stream only 12 inches wide and 2 inches deep and flowing at the rate

of only 1 foot per minute will yield a supply of practically 1 \ gallons

per minute, or enough for the camp of 40 men mentioned above.

Storage.

Assuming in the foregoing example that the flow of water from
the source is exactly 1\ gaUons per minute, it will be observed that

a full day of 24 hours will be required for the accumulation of the

1,800 gallons, necessary for the use of the camp. But this amount is

used during only about half that time, and the length of time during

which the water actually is drawn off is much less than that. It is
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therefore evident that some means must be provided of stormg the

water dm^ing the night for use during the day. If the source be a

mountain brook, this may be done by constructing a dam which will

impound the necessary amount of water. If it be a spring, the water

may be stored by excavating a reservoir around it, or by construct-

ing a concrete reservoir, while if a dug well be the source, the water

may be impounded in any desired quantity in the well itself by car-

rying the well for the necessary distance below the water-bearing

stratum or soil, and by making the diameter of the well sufficiently

great. The dimensions of a driven well, on the other hand, are not

sufficient to furnish such a reservoir and, therefore, unless the well

be a so-called flowing weU, in which case the water may be impounded

in a reservoir above ground, it is necessary that the flow of the well

be sufficient to supply the draft as required.

Distribution, Pumping, Etc.

The flow of water being sufficient for the needs of the camp, and

sufficient storage or reservoir capacity having been provided, the

next matter to receive consideration is the manner of distribution

from the reservoir to the various parts of the camp.

The most primitive method is to have the water carried in pails

or tubs by members of the camp force, and this method was in use

in a number of camps visited. But it is very wasteful of time

and lab'or, and unless the camp is expected to be of the most tem-

porary character, more economical and convenient means should be

provided.

In mountainous or hiUy sections it happens frequently that the

source, whether brook or spring, can be selected at a greater eleva-

tion than that of the camp, and under these conditions- it is only

necessary to lay a pipe line and the water will flow to all parts of

the camp by gravity. This is simplest and cheanest and, when natural

conditions permit, should be adopted.

However, when the natural conditions are not so favorable, and

when it is desired to ehminate the carrying of water, one of three

methods must be adopted, namely, the elevated tank, the hydro-

pneuxnatic tank, or the pneumatic-pump methods-

Elevated-tank Method.

In the elevated-tank method water is forced into the tank from

a lower level by means of a pump or ram and is discharged therefrom

by gravity. "As there is considerable frictional resistance to the

flow of water through the distribution pipes, the tank should be placed

at least 10 feet higher than the highest discharge cock to insure a

flow under pressure."^

' From bulletin No. 57, U. 8. Department of Agriculture, "Water Supply, Plumbing, and Sewage Dis-

posal (or Country Homes."
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Either wooden or metal tanks may be used. Wooden tanks may
be obtained in abnost any size, and are usually circular in section,

and built of cedar or cypress staves, though juniper, fir, yellow pine,

and white pine also are fairly satisfactory. As generally built the

sides are battered not less than one-fourth nor more than one-half

inch per foot of height; and the staves are held together by means
of hoops which should be of wrought iron or mild steel and round in

section rather than flat. Tanks are usually shipped " knockeddown,"

and should be set up and filled with water as soon as they are received.

They are usually elevated on wooden towers, and, as set up, should

rest on the tank bottom and not on the part of the stave that

projects below it. AU outdoor tanks should be covered to keep out

birds and leaves or other debris. To prevent the covering being

blown off it should be firmly fastened to the top of the tank by straps

of iron. The ordinary life of wooden tanks is about 15 years.

Steel tanks cost from 40 to 100 per cent more than wooden tanks

of the same capacities; but if kept well painted inside and out they

will last an indefinite time. They are absolutely tight when once

erected, whereas a wooden tank will shrink and leak if the water gets

low. They are not hable to sudden failure, as sometimes happens

with wooden tanks when the hoops burst. On the other hand, steel

tanks are not well adapted to the use of convict camps because it

requires skilled boilermakers to erect them. They are also more
difficult than wooden tanks to protect against freezing.

This elevated-tank system was in use in six of the camps investi-

gated. It may be employed satisfactorily in permanent camps, but

it can not be used economically or conveniently in temporary camps
on account of the time required to erect and raze the tank and tower

when the camp is moved.

THE HYDROPNEUMATIC-TAKK METHOD.

The hydropneumatic-tank method is more convenient for the use of

temporary camps, as the elevation of the tank is avoided. The equip-

ment necessary consists of a force pump operated by hand or power,

an air-tight steel tank and valves, pressure gauges, and fittings. The
operation of the system depends upon the fact that air is elastic and
can be compressed while water can not be compressed. When water

is pumped into the empty, air-tight tank, the air already in the tank

is compressed into a smaller space in the upper part of the tank. This

compression of the air causes it to exert a pressure which forces the

water through the service pipe to the points of dehvery. But, though
the air can be compressed almost indefinitely, it always will occupy
some space in the top of the tank, and hence the tank never can be

filled to capacity with water. In practice it is customary to fill only

from two-thirds to three-fourths of the volume of the tank with
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water. As the water is drawn oflF the pressure of the conSned air

diminishes rapidly and a point is soon reached where, though there

still is some water left in the tank, the pressure of the air may not be

sufficient to force it to the faucets. The following table shows the

increase in the pressure of the air as water is pumped into a hydro-

pneumatic tank.

Table 8.

—

Increase in pressure as tvater is pumped into a hydropneumatic tank.

Part of tank filled with water.

Empty
One-fourth full of water. .

.

One-third full of water
One-half full of water
Two-thirds full of water. .

.

Three-fourths full of water

Pressure
caused by
compression
of trapped
air only.

Pounds per
square inch.

0.0
4.9
7.4
14.7
29.4
44.1

Initial

pressure
pumped into

tank.

Pounds per
square inch.

10.0
18.2
22.4
34.7
59.4
84.1

A pressure of 6 or 7 pounds per square inch is necessary to overcome

the friction in the piping and force the water to the height of faucets

under average conditions, and it wiU therefore appear by reference to

the above table that the volume of water which can be delivered at

one charging of the tank, when only the air trapped in the tank fur-

nishes the pressure, is not greater than one-half the volume of the

tank. If, before the water is forced into the tank, a pressure of 10

pounds of air be pumped into it, aU the water the tank will hold, which

is not more than three-fourths of its volume, can be forced out. In

practice, it is always necessary to pump a certain amount of air into

the tank at intervals to overcome the loss caused by the gradual

absorption and removal of the air by the water.

The following table gives the pressures in the tank theoretically

necessary to force the water to certain elevations above the tank:

Table 9.

—

Pressures theoretically necessary to force water to given heights.

Height.
Pressure
in tank.

Height.
Pressure
in tank.

Height.
Pressure
in tank.

Pounds Pounds Pounds
per square per square per square

Feel. inch. Feet. inch. Feet. inch.
1 0.43 35 1.5. 16 110 47.63
2 .87 40 17.32 120 51.96
3 1.30 45 19.49 130 56. 30
4 1.73 50 21. 65 140 60. 62
6 2.17 55 23. 82 1.50 64.95
6 2.m 60 25. 98 160 69.28
7 3.03 G5 28.15 170 73. 61
8 3.46 70 30.31 180 77.94
9 3.90 75 32. 48 190 82.27
10 4. .33 80 34.64 200 86. 60
15 6. .50 85 36.80 210 90. 93
20 H.m 90 38. 97 220 95. 26
25 10. 83 95 41.14 230 99. 60
30 13.00 100 4.3.30 240 103. 92

53577"—Bull. 414—10-
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In practice, the pressures given in the table will not force the water

to the heights indicated because of the pipe friction. The amount
of this friction depends upon the size and length of pipe, and the

velocity at which the water is forced through it. The values given

in the following table represent the frictional loss in feet of lift per

100 feet of pipe in pipes from three-fourths of an inch to 2 inches in

diameter, discharging from 5 to 40 gallons per minute:

Table 10.

—

Frictional loss in feet for 100 feet of clean iron pipes.^

Gallons
per

minute.
f-inch. 1 inch. IJ inches. 1 J inches. 2 inches.

5
10
15
20
25
30
35
40

7.6
29.9
66.0
115.9
181.4

1.9
7.3
16.1
28.3
43.7
63.3
85.1
110.4

0.7
2.4
5.5
9.4
14.7
21.0
28.5
37.0

0.3
1.1
2.2
3.8
6.0
8.6
11.6
15.0

0.1
.3
.6
1.0
1.5
2.1
2.8
3.7

1 From Ellis and Howland's experiments.

The use of the foregoing tables is best explained by means of an

example, as follows:

Example : It is desired to find the air pressure which wiU be neces-

sary in a hydropneumatic tank to force water to two faucets, each

20 feet higher than the tank, at the rate of 5 gallons per minute to

each faucet, the water for both being conducted for 150 feet through

a IJ-inch main and then through two branch pipes each 30 feet long.

Solution: (1) The theoretical height to which the water is to be

forced is 20 feet. (2) From Table 10 the frictional loss in forcing

the water through 100 feet of IJ-inch pipe at the rate of 10 gallons

per minute is equivalent to an additional height of 1.1 feet, and for

150 feet it wiH be 1.5 X 1.1 = 1.65 feet. (3) Also from the same table

the frictional losses in forcing the water further through the two f-inch

pipes for distances of 30 feet at the rate of 5 gallons per minute in

each are equivalent to 2x0.3x7.6 = 4.56 feet. Adding (1), (2), and

(3), the total equivalent height will be 20.00 + 1.65 + 4.56 = 26.21

feet. The pressure necessary to force water to this height is found

from Table 9 to be 11.5 pounds per square inch.
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The following table gives commercial sizes of pneumatic tanks :

^

Table 11.

—

Commercial sizes of pneumatic tanks.

Diam-
eter.

Length. Weight. Volume. Diam-
eter.

Length. Weight. Volume.

Inches. Feet. Pounds. Gallons. Inches. Feet. Pounds. Gallons.
24 6 445 140 42 10 1,650 720
24 8 560 195 42 12 1,900 865
24 10 675 245 42 14 2,200 1,000
30 6 560 220 42 16 2,400 1,150
30 8 700 295 48 10 2,066 1,000
30 10 870 365 48 12 2,320 1,130
30 12 900 440 48 14 2,610 1,300
36 6 750 315 48 16 2,900 1,500
36 8 900 420 48 18 3,600 1,700
36 10 1,050 525 48 20 3,950 1,880
36 12 1,200 630 48 24 4,650 2,260
42 8 1,450 575 60 20 5,900 2,940

As stated above, the water capacity of the tanks given in Table 11

will be not greater than three-fourths of the volume of the tank.

Therefore, for the camp of 40 convicts, assumed above, for which a

daily supply of 1,800 gallons is necessary, it is evident that a tank 48

inches in diameter and 14 feet long would be required and it would be

necessary to pump up this tank twice a day, starting with an initial

air pressure of at least 11 pounds.

Pneumatic tanks usually are constructed to withstand safely a

pressure of 100 pounds per square inch.

THE PNEUMATIC-PUMP METHOD.

By the pneumatic-pump method the water is dtelivered direct from

the source. As it is not stored in a tank, storage capacity of other

form must be provided, either a special reservoir or a sufficiently

large dug well. The necessary apparatus consists of a small gasoline

engine, an air compressor, an air-tight steel pressure tank, and a pneu-

matic pump. The operation of the method is as follows: The gaso-

line engine supplies power to run the air compressor which pxmaps the

air in the tank up to any desired pressure. From this reservoir air

under pressure is supplied to the pneumatic pump which is immersed

in the water at its source in the well, lake, or brook. The pump con-

sists of two small metallic chambers; when a faucet is opened these

fill with water automatically and discharge alternately, owing to the

alternate application of the air pressure from the tank to the surface

of the water in each, and a continuous supply of fresh water is thus

forced through the pipes.

Plate III shows a front and side view of a pneumatic pump and
the arrangement of a pnemnatic-pimip system.

Each pump requires an air-pressure reducer, shut-off and release

cocks, and pressure gauge. TIk; air-pressure reducer is necessary to

reduce the high pressure carried in the tank to the uniform low pres-

» Bulletin No. 57, U. 8. Department of Agriculture.



82 BULLETIN 414, U. S. DEPAETMENT OF AGRICULTURE.

sure required to operate the pump. It is placed in the air pipe line

between the air tank and the pneumatic pump, and can be adjusted

to the proper pressure with an ordinary wrench. The working pres-

sure required to operate the pump and raise water to the required

height is recorded on the pump gauge placed on the air pipe line

between the reducer and the pump. The pressure necessary may be

determined by the use of Tables 9 and 10, as described under the

hydropneumatic system.

The size of tank that should be installed is governed both by the

quantity of water to be delivered with one charging and by the pres-

sure necessary to overcome the friction in pipes and fittuigs and to

deUver the water at the required elevation. The following table

shows the number of gallons of water that can be drawn from faucets

with the pump under working pressures varying from 25 to 55 poimds,

and with total starting pressures in a 1,000-gallon air tank varying

from 60 to 100 pounds.

Table 12.

—

Pumping capacity of a 1,000-gallon air tank, in gallons of water, under

varying internal pressures.

Pressure Initial pressure in pounds in 1,000-galIon air tank.

main-
tained in
pump by
pressure 60 70 80 90 100
reducer.

Pounds. Gallons. Gallons. Gallons. Gallons. Gallons.
55 40 155 270 415 550
50 140 270 400 550 700
45 240 385 530 685 850
40 340 500 660 820 1,000
35 470 650 830 1,010 1,200
30 600 800 1,000 1,200 1,400
25 737 918 1,239 1,350 1,618

For air tanks of other than 1,000-gallon capacity the amount of

water which can be dehvered with one charging can be obtained

approximately by dividing the figures in the table by 1 ,000 and multi-

plying the result by the capacity of the tank in gallons.

For the purpose of the assumed camp of 40 convicts, an air-tank 48

inches in diameter and 14 feet long (the same size as the hydropneu-

matic tank selected) wiU supply all the water necessary for a day's

consumption with one charging. Its volume, by Table 11, is found

to be 1,300 gallons and if it is charged to an initial pressure of 100

pounds per square inch, and the pressure reducer set at 25 pounds per

square inch. Table 12 indicates that the volume of water which can be

dehvered at one charging wiU be r-|™X 1300 = 2,103 gallons.

When the same tank was used as a hydropneumatic tank, it was

found that it would be necessary to charge it twice a day, which indi-

cates an advantage in point of convenience in favor of the pneumatic
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pump method. Those who favor this method claim as an additional

advantage the fact that the water is not stored in a closed tank or in

contact with stale air. On the other hand, the equipment necessary

is more expensive than that required for the operation of the hydro-

pneumatic tank method, and the mechanism of the pneumatic pump
is somewhat dehcate and demands careful attention to keep it in good

running order. In particular, the pump must be protected from the

action of sand or grit in the water.

There are two general types of pumps, namely, suction-lift pumps
and force pumps. The former depend for their action on the creation

of a partial vacumn in the piunp cyhnder, which permits the water

in the pump to rise above thq water in the well. The maximum
practical suction Hft is about 20 feet, though it varies somewhat
with the elevation above sea level, the greater the elevation the

smaller the suction hft. This means that the pump cylinder which

raises the water by suction in Uft pumps should never be more than

20 feet above the water level in the well or other source. In force

pumps the water is raised mechanically and the height to which the

water can be raised is not limited as in the case of the suction pimaps.

Pumps of this type are necessary for use in connection with elevated-

tank or hydropneumatic systems, and, unless a special air pump or

compressor be used, it is necessary that a combination air-and-water

force pump be employed for the hydropneumatic systems, especially

in pumping from deep weUs.

Frequently the two types of pumps are combined, the water being

raised partly by suction and partly by force. This is accomplished

either by the use of two cylinders, one for each of the operations, or

by a combined suction and force cylinder.

Pumps are manufactured suitable for operation with any kind of

power—hand, gasoUne, steam, or electric. The most suitable form of

power for the use of convict camps is that of the gasohne engine.

For the purposes of camps of ordinary size from 2^ to 3 horsepower

is all that is required, and a gasoline engine of such rating will not

only pump all the water necessary but will furnish sufficient power

to run a clothes-washing machine or other small machinerywhich may
be useful around the camp. The horsepower necessary for pumping
purposes in any case may be estimated by the following method:

Divide the number of gallons which it is desired to pump per

minute by 7.48 (the number of gallons in a cubic foot), to determine

the number of cubic feet of water to be pumped per minute. Multi-

ply the number of cubic feet by 62.5 (the weight in pounds of a cubic

foot of water) to get the weight of the water to l)e pumped per min-

ute. Multiply this weight by the total lift in feet. The total lift

will be equal to the vertical distance from the surface of the water
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at the source to the level of the water in the elevated tank plus the

frictional loss in the pipes between the source and the tank as deter-

mined from Table 10; or if a hydropneumatic tank is to be used the

total lift will be found by adding the frictional loss to the sums of

the vertical distance from the surface of the water at the source to

the tank and of the height which is found by Table 9 to be equivalent

to the maximum pressure desired in the tank. Divide the result of

the last operation by 33,000 and the quotient wiU be the theoretical

horsepower required. But, as a pumping outfit usually is only about

50 per cent efficient, the theoretical horsepower derived by the fore-

going operation should be doubled to determine the horsepower

actually necessary.

Example: It is desired to determine the horsepower necessary to

force water from a well 50 feet deep into the hydropneumatic tank,

48 inches in diameter and 14 feet long, selected for use in the camp of

40 convicts considered in the foregoing examples. The water is to

be pumped at the rate of 900 gallons per hour, and a 1-inch pipe is

to be used in the well. As a minimum pressure of 11 pounds is

needed, the tank when three-fourths full of water will be under an

internal pressure of 88 pounds.

Solution: By Table 9, page 79, the maximum pressure of 88 pounds

is equivalent to a head of 204 feet of water. The vertical distance

from the surface of the water in the well to the surface of the water

in the tank is 50 feet. By Table 10, on page 80, the frictional loss in

50 feet of 1-inch pipe with water pumped at the rate of 900 gallons

per hour, or 15 gallons per minute, will be equivalent to a head of 8

feet. Therefore the total hft is equal to 204 + 50 + 8, or 262 feet.

The volume of water to be pumped per minute is 15 gallons, or 15

divided by 7.48 = 2 cubic feet. The weight of this volume of water is

2x62.5, or 125 pounds. Multiplying this weight by the total lift deter-

mined above, and dividing the result by 33,000, the power theoretically

269 X 1*^5
necessary is found to be „„ „

"
> or 1 horsepower, and allowing for

50 per cent eflEiciency of the outfit the power actually necessary is 2

horsepower.

Detailed information as to pumping mstallations may be obtamed
from pump manufacturers. In applying for such information it

is proper to advise the manufacturer fully regarding the following

points:

(1) The source of the supply (whether well, cistern, lake, or spring)

;

(2) if a well, the inside diameter and total depth; (3) the distance

from the ground surface to the level of the water in the well; (4)

the flow of the well; (5) the number of gallons to be pumped per

hour; (6) the relative positions of the source anJ the pomt to

which the water is to be forced; (7) the position m which the pump
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is to be placed; (8) the preference as to elevated tank, hydro-

pneumatic tank, or pneumatic-pump methods; (9) the kind of

power to be used (hand, gasohne engine, or electric motor); (10)

the nimiber of people to be served; (11) the approxioaate number
of faucets desired and an estimate of the amounts of water to be used

for various purposes; (12) the number of head of live stock of all

kinds.
HYDRAULIC EAMS.

When there is available in the immediate neighborhood of the

camp a spring or other supply of pure water so situated that a con-

siderable fall may be obtained within a reasonable distance, a hy-

drauHc ram may be used for pumping to the storage tank. The ram
is a simnle though wasteful machine, which utilizes the momentum
of a stream of water falling a small height to elevate a portion of the

water to a greater height; and once started the operation is contin-

uous until the valves become worn.

The proper size of ram to suit any special condition is a matter

which should be taken up with manufacturers of rams. It will

depend upon the following factors:

(1) The flow of Water from the source of supply, determined by the

time required to fill a vessel of known capacity; (2) the difference

between the level of the supply and the lowest point within a reasona-

ble distance suitable for the location of the ram; (3) the distance

between the source of supply and the proposed location of the ram;

(4) the difference in elevation between the ram location and the

highest point to which water is to be delivered; (5) the length of

pipe necessary to conduct the water to the point of delivery.

In purchasing a ram, information with regard to the foregoing

factors should be sent to the manufacturer.

The efficiency of a ram is governed by the ratio of the fall of water

from the spring to the ram to the height to which water is to be

pumped. It is greatest when this ratio is from 1 to 2^ to 1 to 3, and
the ram usually will not work well when the height to which the water

is to be pumped is more than 25 times as great as the fall from the

spring to the ram.

The relation between the four interdependent factors, fall at the

ram, lift to the tank, the supply at the spring, and quantity of deliv-

ered water are expressed approximately by the following equation:

„ QXH

in which

Q=supply of spring in gallons per minute,

11= fall in ff'fit from spring to ram,

h=hoight of storage tank abovo ram in feet,

q=quantity of water piifnpod in gallons per minute.
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Values of q and h, derived by the solution of this equation, should be

reduced by about one-third to allow for friction, and values of Q and
H should be increased in the same proportion.

Example: As an example of the use of the foregoing equation, sup-

pose it is desired to determine the requisite flow of a spring to supply

the camp of 40 convicts, in which the daily consumption is 1,800 gal-

lons, the proposed location of the ram being 14 feet below the spring

and 200 feet below an elevated storage tank.

Solution: As the ram operates throughout the entire 24 hours of

the day the quantity of water in gallons per minute to be pumped,
1800

(which is q) is equal to = 1.25 gallons. The height of the
24x60

storage tank above the ram (or h) is 200 feet, and the fall from the

spring to the ram is 14 feet. Substituting these values for the sym-

bols in the equation,

QX141.25=-
200

or,

Q=1.25X200
14

=17.86 gallons per minute.

Increasing this value by one-third to allow for friction, it is found that

under the conditions named a flow of 23.8 gallons per minute will be

necessary at the spring to force 1^ gallons per minute into the storage

tank.

Table 13 gives commercial estimates of the quantities of water

delivered in 24 hours under various conditions:

Table 13.

—

Capacity of hydraulic rams.

Power
head
in

feet.

Pumping head in feet.

4 10 15 20 30 40 50 60 70 80 90 100 120 140 160 180 200

2
3
4
5
6
7

8
9
10
12
14
16
18
20
22
24
26
28
30

540 192
301
432
540

128
192
256
345
432
505

96
144
192
240
302
378
432
485
540

64
96
128
160
192
235
270
300
360
430
505

43
72
96
120
144
168
192
216
252
301
353
432
486
540

29
58
77
96
115
134
154
173
192
230
270
323
390
430
475
520

24
43
64
80
96
112
128
144
160
192
224
257
303
336
370
405
470
505
540

37
55
69
82
96
110
124
137
165
192
220
247
288
303
346
375
430
465

27
43
60
72
84
96
108
120
144
168
192
216
240
264
288
328
354
405

24
38
53
64
75
86
96
107
128
150
171
192
214
235
256
278
300
336

29
43
57
67
77
86
96
115
135
154
173
192
212
230
250
269
288

24
30
43
50
64
72
80
96
112
128
144
160
176
192
208
224
240

26
31
36
55
62
68
82
96
110
124
137
151
164
178
192
206

27
31
43
54
60
72
84
96
108
120
132
144
150
108
180

24
28
38
43
53
64
75
85
96
107
118
128
139
149
160

"25'

29
39
43
57
67
77
86
96
105
115
125
134
144
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To determine the number of gallons delivered per day under any-

given conditions of power head, pumping head, and quantity of water

used by the ram, multiply the factor opposite the given power head
and under the given pumping head by the given number of gallons

used per minute by the ram; and, vice versa, to determine the num-
ber of gallons per minute necessary to pump a given supply in 24

hours, divide the factor in the table into the supply.

Thus, in the above example, the supply required every 24 hours is

1,800 gallons. The power head is 14 feet, and the pumping head is

200 feet. Opposite 14 and under 200 in the table is 67. Dividing

1,800 by 67 the requisite flow through the ram is found to be 26.9 gal-

lons per minute, as compared with 23.8 gallons determined by the

formula above. Both results are approximate, and more accurate

figures can be obtained only by a careful consideration of the length

of the dehvery pipe and the pipe friction. However, for the purpose

of a prelimmary determination of the practicability of a ram installa-

tion either method will provide sufficiently close results.

When it is determined to use a hydraulic ram precise instructions

for the proper installation, operation, and care of the particular ram
to be used should be obtained from its manufacturer, and these

instructions should be followed carefully.

PLUMBING.

All piping used in connection with the water supply should be of

iron, not lead, and the system should be so arranged that the water

is carried to the point of discharge in as nearly a straight line as

possible.

The main pipe from the storage tank never should be less than 1

inch in diameter, and for camps of 40 men should be 1^ inches in

diameter. For camps of the latter size the branch pipes to the

kitchen sink, wash trough, and shower fixtures should be not less

than I inch in diameter.

All pipes should be laid on sufficient slant to drain them back into

the tank or drainage system, and a drain pipe and cock should be

provided at a low point in the system so that in extremely cold

weather the system may be drained into the cesspool or the tank to

prevent freezing. This necessitates a stop cock on the pressure-

tank outlet to prevent draining the tank.

Pipes exposed to the outer air or located where there is any danger

of freezing should be boxed in. sawdust or some other nonconducting

material.

Hot water for kitchen purposes can be heated most conveniently

and cheaply on the Idtchen range, but for lavatory and shower bath it
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usually will be necessary to provide a special hot-water heater and a

hot-water storage tank or boiler. In purchasing the water heater it

is important that it shall provide sujQS.cient area of heating surface in

contact with the water to raise the temperature of the required amount
of water to a proper point in a given time. The area necessary

will depend on the nature of the fuel. If wood is to be used, the

surface area of the jacket, water back, or tubes should be about

50 per cent greater than if coal is to be burned. By "forcing the

fire" it is possible to increase the rate of heating, but this practice

results in the premature biu-ning out of the heater. As an aid in cal-

culating the necessary heating surface the following, based on the

use of coal as fuel, may be used:

The average size of water back having about 110 square inches, or about two-thirds

square foot, of exposed surface, will heat to the ordinary temperature of domestic hot

water, 180° F., about 21 gallons of water an hour. It will heat about 17 gallons of

water to the boiUng point with an ordinary fire. With a fire such as is used for roast-

ing, washing, or baking, a water back of this same size will heat about 23 gallons of

water to the boiling point, or 27 gallons to the temperature of 180° F. Wrought-iron

pipe-heating coils will heat from 30 to 40 gallons of water under the same conditions.^

When wood fuel is used, the above performances should be reduced

one-third. It must be borne in mind that the temperature required

for bathing is only about 100° F., and therefore it is not necessary

to heat the entire quantity of water which is to be used to 180° F.

On the contrary, with the temperature of the cold water at 60° F.,

only one-third of the water necessary for bathing need be heated to

180° F. to give a temperature of 100° in the mixied water as it comes

from the showers.

To act as a reservoir of hot water a tank of from 50 to 100 gallons

capacity should be coupled to the heater. By heating the water

capacity of such tank before the bathing of the force is begun it is

possible to reduce the rate at which the heater will be required to

heat water, and thus decrease its size.

Steel tanks are most satisfactory for camp use, and they should

be galvanized inside and out, particularly inside. Ordinarily, they

are tested to withstand a pressure of 150 pounds, and extra heavy

ones 250 pounds per square inch. The latter should be used when
the gauge pressure at the tank is more than 40 pounds per square inch.

NOTES ON FIXTURES AND APPLIANCES.

The most suitable form of shower-bath fixture is a nickel-plated

spray head 3 inches in diameter which may be obtained at a cost of

approximately 25 cents.

1 Cosgrove, J. J., in Kidder's "Architects' and Builders' Pocket Book."
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For camps where a supply of running water is not available a

simple shower device may be improvised by attaching a spray head
of the type mentioned above, to a faucet or cock in the bottom of a

5 or 10 gallon can so arranged that it can be raised by means of a

rope running through a puUey attached to the roof.

When running water is available it is proper to provide more than

one shower fixture, and experience indicates that one fixture for

from 7 to 10 convicts is a desirable proportion. The use of bath

tubs is to be discouraged. The shower bath is more convenient and
more sanitary.

Wash troughs for use in connection with running water should

not be provided with stoppers, but should act only as collectors for

the waste water, and the convicts should be required to wash their

faces and hands imder the running water from the faucets. Troughs

may be made of wood lined with galvanized iron or of a heavier

weight of iron alone. Unlined wooden troughs should not be used.

One faucet should be supplied for every 10 men.

Kitchen sinks may be of galvanized or enameled iron. The space

under them should be left open.

CAMP SANITATION.

DISPOSAL OF EXCRETA.

The Pail System.

Pails are used extensively throughout the country for the tem-

porary reception of human excreta and when used properly are

peculiarly well adapted to the needs of guarded convict camps.

Galvanized metal paUs with tightly fitting covers and having a

capacity of about 3 gallons are commonly employed. About 1 pint

of a solution of coal-tar disinfectant is placed in each pail.

In some of the camps, pails in the proportion of one to every five

men were brought into the bunk houses immediately after the pris-

oners had been chained for the night, the chains being arranged so

that the men could move for a distance of about 6 feet from their

bunks. After the prisoners were ordered "down to sleep," any
man who wished to use the paD. was required to attract the atten-

tion of the guard by raising his hand.

It Ls evident that when the pails are allowed to remain for a long

period inside the bunk houses, they become quite objectionable.

Some of the camps had the paUs removed and emptied at intervals

during the night and at other camps they were brought in at 8

p. m,, used, and immediately removed, cleaned, and placed outside

th(! Ijuiik houses. Thc^y were again brought in at midnight and
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again at the rising hour. This latter practice was the most satis-

factory from every standpoint. Some conditions were found during

the course of the investigation which could not be justified on any
possible ground. An indefensible custom which seems almost uni-

versal at convict camps is to provide insanitary privies for the use

of the guards and the five or six trusty convicts who work about

the camp during the day. This practice nullifies the good effects of

a well-managed pail system, as these insanitary privies are likely to

make the entire camp insanitary. Such conditions could be cor-

rected easily by providing covered pails inside the privies.

PROPER CONDUCT OF PAIL SYSTEM.

The coal-tar disinfectants of which mention has been made are

in general use for this purpose and are very satisfactory. The
United States Public Health Service recommends that 1 quart

of the solution be used to 6 quarts of sewage. Chloride of lime is

an excellent and cheap disinfectant and may be used instead of the

coal-tar product. A solution of the proper strength may be made
by dissolving 1 pound of the disinfectant in 8 gallons of water and
should be used in the pails in the proportion of 1 teacupful of the

solution to each deposit of excreta. The chloride of lime should be

kept in tight containers as it loses strength rapidly when exposed

to air. To prevent splashing, a thick piece of paper or several

small pieces of wood or chips may be dropped into the pail just

before it is used. The pails should be cleaned and washed daily,

but under no circumstances should they be rinsed in the vicinity of

the well or spring.

At all camps where paUs are in use the excreta is disposed of finally

by dumping into pits and covering with earth. These pits, in all

cases, were a sufficient distance away from the camps, but it might be

mentioned that the minimum distance should bo 100 yards, and the

pits should be so placed that they are on a lower level than the water

supply of the camp. Chloride of lime should be sprinkled into the

pits at intervals. As the natural agencies of purification are present

to a greater degree in the upper layers of the soil, it is better that

excreta should be given shallow burial rather than thrown into deep

pits. The deeper the pit the greater the danger of polluting under-

ground water supplies. Instead of the large pits now in use at a

majority of the camps, shallow furrows or trenches should be dug.

These should be from 6 to 12 inches deep, and the excreta should be

scattered along in a layer of about 2 inches in thickness, and should

be covered immediately with 6 to 12 inches, of earth. The furrow

should be marked with stakes, so that there may be no danger of



CONVICT LABOR FOE ROAD WORK. 91

digging in the same place twice. Furrows made with the ordinary

plow are entirely satisfactory. In cold climates the trenches for

winter should be about 2 feet deep, and a sufficient number should

be dug before the ground freezes. They should be filled with earth

as soon as the ground thaws out enough to permit it.

Privies and Pits.

A great majority of convict camps use privies and pits for the dis-

posal of human excreta. At only 4 camps out of the 30 at which

some form of pit privy was in use was there any attempt to manage
the disposal of excreta along sanitary lines. At three of these

camps sanitary fly-proof privies were in use, while at the fourth a

trench 2 feet wide, 12 feet long, and 12 feet deep was provided with a

latrine box and the contents burned out each day with kerosene oil

and hay.

At the other camps, insanitary privies of varying degrees of filth

were provided, while flies were present everywhere and had easy

access to the accumulation of filth. At two camps where men were

confined in cages toilet seats had been placed over holes in the flooring

and pits dug 4 feet deep and 18 inches in diameter to receive the

excreta. The cages were not screened, nor were the pits. Over this

mass of sewage human beings lived and ate their meals. At other

camps where the men were locked in cages a tub was placed on the

ground under the cage to receive the excreta. The tubs frequently

contained a httle disinfectant, but at only one camp was any attempt

made to protect the excreta from flies.

At several of the largest camps, pits about 6 feet long, 2 feet wide,

and from 4 to 6 feet deep were provided for 50 men. A pole, sup-

ported on cross logs at the ends of the pit, was used as a seat, while

burlap or canvas surrounded the pit to afford privacy. There was
no overhead protection.

These pits are objectionable because they are freely accessible to flies,

while the filth may be carried quite a distance on scraps of toilet paper
and on the feet of the men. In order to make pits as unobjectionable

and harmless as possible, it is the consensus of opinion among Army
sanitarians that the pits should bo boxed and converted into closed

vaults, from which flies may bo excluded. The pits should be as far

as possible from the water supply of the camp, and so located that

they will not bo flooded in rainy weather. Drain ditches should be
dug around them or on the side from which drainage water might be
expected. Pits should be about 2 feet wide at the top and about 6

feet deep. When they are filled to within 18 inches of the surface

they should bo covered with earth and other pits dug.
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A box (fig. 2) devised by Maj. William Lister (military surgeon,
May, 1912) might be used to good advantage at convict camps. The
box is 8 feet long, with four holes, and is provided with a grip at each
end for convenience of handling. The top is 18 inches wide, with a
slope of li inches to the rear to drain rain and wash water. The cir-

cular holes are 11 inches in diameter. The hd is extended forward
flush with the top edge, so as to keep the seat dry, and it has a block
nailed on the upper side to prevent its opening to a right angle. A
block (2 by 3 inches) is nailed at each end of the upper edge in front,

so that when the box is turned over this edge may not be soiled or
scratched. A piece of tin (8 by 10 inches) is fastened by its upper
edge to the inside of the front wall, opposite each seat, and set at an
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Fig. 2.—Lister latrine box.

SECTION
SHOWING SEAT RAISED

angle which causes the urine projected against it to fall clear into the
pit. The box is set on a frame, so as to make the contact with the
ground closer. This renders the box more completely fly proof,
and protects the edges of the pit from wear and tear. To hold the
box on the frame, a strip of board 4 inches wide is naOed 1 inch inside

the lower edge of the box, thus projecting 3 inches clear and snugly
fitting inside the frame.

Disinfection of a pit by fire has been practiced to a considerable
extent in the United States Army and the results have been very
satisfactory.

At about 9 a. m., after a majority of the men have visited the pit, the box being
lifted to one side, a layer of straw, grass, or hay (about 20 pounds for a pit 10 feet long)
is evenly spread over the contents, sprinkled with a gallon of crude petroleum, and
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set on fire. The hot blaze destroys all the germs lying near the surface of the excreta

as well as on the sides of the pits, and completely removes all odors.

i

Some authorities believe that still better results could be obtained

by using oil alone in increased quantity (by an additional quart) as

the residue from burned hay or stray fills the pit uselessly. The
effect of the burning decreases in the afternoon, and odors, especially

on warm days, may again become noticeable; then a liberal coating

of lime is recommended, or of fine dry earth. Crude petroleum or

diluted formalin sprinkled into the pit is useful at any time as a

disinfectant and to repel insects.

At one camp in Mobile County, Ala., the boxed pit was in use, and

was disinfected with fire each day in the manner described. The pit,

which was sheltered from view by a thatching of pine branches, was
in good condition and free from odors, and the camp authorities were

enthusiastic over the satisfactory results obtained.

During the night, when it is impracticable to allow convicts to visit

the pit, pails may be used in the quarters, as already described.

DISPOSAL OF EXCRETA IN LIMESTONE EEGIONS.

In regions where there is limestone formation the danger of the

pollution of camp or other water supplies by human excreta is greatly

increased. Because of the fissures, channels, and crevices which

abound in limestone, the excreta may find its way almost directly to

water which is drawn from the well or spring, and this may occur

even when the excreta has been disposed of at a long distance from

the camp—a half mile or even much farther. The depth at which

it is buried also may have little effect in such cases. The ordinary

privies, cesspools, and pits are, therefore, very dangerous in limestone

localities.

The burning or boiling of all excreta is the surest way of making
it harmless, but this is a somewhat tedious and expensive process and
frequently is almost impossible to accomplish in convict camps.

The following method, if carefidly adhered to, will render the

excreta practically harmless, and its use exactly as described is

urged at all camps in Hmestone regions

:

1. Use either the pail system, or a sanitary privy with water-tight

receptacles.

2. Every time a deposit of urine or feces is made in a pail or privy

can, throw in a cupful of chloride of lime solution and a small handful

of slaked or unslaked lime. The solution should be made by dis-

solving one pound of chloride of lime in 8 gallons of water. It must
be kept in tightly stoppered bottles so as not to lose its strength.

> Havard, " Military Hygidne," p. G30.
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The slaked or unslaked lime may be kept in an open box and is to

be used as directed in conjunction with the chloride of lime solution.

It is not sufficient by itself, but creates an alkaline medium in which

the action of the chloride of lime is most effective. It can be pur-

chased for about 75 cents a barrel.

3. Provide a watertight steel-coopered barrel with a stout cover.

This may be mounted for convenience on wheels or on a hand truck.

Dump all excreta from the cans and pails into this barrel every

morning and allow it to stand until the following morning in order

that the disinfectants may have time to reach and destroy the organ-

isms. During the time that the mass is standing it need not be more
than 100 feet from the camp. It will be neither offensive to the senses

nor will it attract flies to any extent. It should, however, be kept

covered. After 24 hours haul it away from the camp, 100 yards or

more, pour it into a shallow trench similar to a plough furrow and
cover with the excavated earth. The barrel then is ready to be

returned to the camp and used over again in the same way.

DISPOSAL OP EXCRETA AT PLACE OF WORK.

With very few exceptions the roads being constructed by convict

gangs led through sparsely inhabited regions with much vacant land

on either side of the road. It was the common custom far the men
to move a few feet from the side of the road and deposit their excreta

on the surface of the ground. As the construction work progresses

with fair rapidity, very few deposits of excreta are made in any one

place, but, on the other hand, a certain amount is scattered over a

considerable territory, and there is danger that some may reach

streams or springs which furnish the water supplies for dwellings.

To prevent this it is a very simple matter to require each man to

dig a hole in the ground from 6 to 12 inches deep and cover his excreta

with the earth immediately. This method, which is already in use

among certain groups of convicts, embodies excellent sanitary prin-

ciples and is similar to that prescribed by Moses to the children of

Israel (Deuteronomy XXIII, 12 and 13).

When prisoners are at work in more thickly populated districts it

is the custom to provide for their use a small portable privy and

to dig a shallow pit each time the privy is moved. This method
is without objection provided the privy is kept a safe distance from
wells and other water supplies, and each fresh deposit of excreta is

covered immediately with earth.
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Voiding Excreta on the Surface of the Ground.

At three of the camps inspected no toilet facihties whatever were

provided. The reasons given by the officials were: (1) That the

camp was moved so often (every two months); (2) that this method
was as good as any other; and (3) that it was what the convicts were

used to, and that the health of the men showed that the method was
all right.

This method is neither safe nor cleanly, and it is because of care-

lessness of this sort that typhoid fever, dysentery, Asiatic cholera,

hookworm, round-worm, pin-worm, and tapeworm diseases persist

and are transmitted from person to person. Officials who are charged

with the safe keeping and reformation of law breakers should, when the

opportunity presents itself, endeavor to inculcate clean methods of

living.

It should be perfectly apparent that the camp may be contam-

inated by excreta on the surface of the ground; that such excreta

may be carried to the camp by the feet of men and animals, by flies,

and by rain. Danger through contamination of the water supply

and the food, or through direct infection, is ever present where such

methods are permitted.

The Sanitary Privy.

A sanitary privy should afford privacy and comfort to the user and

have a water-tight receptacle to receive the excreta. This receptacle

should be protected to prevent access of flies or animals to its con-

tents and so arranged as to be cleaned easily.

In order that the sanitary privy may serve its purpose, the inmates

of the camp should be rigidly prohibited from voiding their excreta

at the outskirts of the camp rather than making use of the privy.

Privy seats and floors should be scrubbed with soap and water

each day. Toilet paper, with fixtures to prevent its becoming scat-

tered, should be provided. Rigid rules should be made and penal-

ties imposed for their violation. A bucket of clean water, soap, and

a couple of basins should be placed in a conspicuous position near

the privy, and the waste, after washing the hands, should be emptied

into a receptacle provided for the purpose. Excreta find no more

direct passage into food, drink, and human mouths than by hands

soiled by accident or by carelessness.

As already pointed out, guards and ''trusties" usually are pro-

vided with insanitary privies, or they are permitted to pollute the

surface of the ground. The following device, described by the

United States Public Health Service ^ is a simple way in which to

make conditions sanitary.

' Public Health BuUotin No. 08, "Safe Disposal of Uuman Excreta at Unsewered Homes.'^

53577°—Bull. 414—16 7



96 BULLETIN" 414, U. S. DEPARTMENT OF AGEICTJLTURE.

Covered can.

This type [fig. 3] consists of a stout water-tight can fitted with a wooden top having a

suitable hole in it to serve as the seat. The hole in the seat is covered by a hinged

lid. The seat board is closely fitted to the top of the can and the lid fits closely over

the hole. To provide ventilation, the lid may be a framed screen. This simple

type of sanitary privy, which can be set up for about SI, if operated with care can be

kept sanitary. 1 Where a sanitary privj^ house already exists it can be improved by
filling the old pit with earth, removing the old seats, thoroughly cleaning the interior,

laying a new floor and installing one or more of these box tanks.

Any water-tight receptacle of suitable size may be used in a sanitary privy. Expe-

rience has shown that wooden receptacles soon warp, become leaky, and are, therefore,

unsafe, and in the long run expensive. Cylindrical cans made of strong galvanized

iron generally are most suitable. A can about 15 inches

in height and holding about a bushel is a convenient size.

This type of can costs about 60 cents and is obtainable at

most any store where hardware is sold. The painting of

the inside of the receptacle with coal tar increases dura-

bility and makes cleaning easier.^

The cans should be inspected frequently to see if they

leak.

Sanitary Receptacle for Use with Convict Cages.

A water-tight metal receptacle should be

obtained at a hardware store. This should be

of sufficient size to hold the excreta voided

by the men from the time they enter the cage

at night until they leave the camp for work
the following morning, and in addition to

this it must hold 1 gallon of a strong solution

of coal-tar disinfectant for every bushel of ca-

pacity of the receptacle. A wooden box, fly-

tight and substantially constructed, should be

built to contain the receptacle (Fig. 4.). This

box is to be fastened firmly to the flooring under the cage by

means of angle irons and bolts, and should be placed so that

the receptacle which it contains will be directly under the hole

in the floor through which the excreta pa^s. The most accessible

side of the box should be hinged in order that the receptacle may
be removed each day for emptying and cleaning. The toilet seat

inside the cage should be provided with a tightly fitting hinged

lid, so arranged as to drop into place of its own weight when the

seat is not in use. For purposes of ventilation and easy removal

it is well to have a space of two or three inches between the top of

the receptacle and the under surface of the flooring of the cage.

A flue made of a few lengths of stovepipe and a couple of elbows

extended from one side of the box to near the top of the cage will

Fig. 3.—Covered can. The
simplest tj^pe of sanitary re-

ceptacle pri-^-y. Used with a

suitable drying powder, or dis-

infectant solution, it may he

kept sanitary and practically

odorless. The seat should be

provided with cleats on the

under surface to hold it in

place on the can.

1 Public Health Bulletin No. 68.



''"ZlSr^

1

"/.-
1

—

r

1

Jill

iv !l

^A f.
•4

hIiI I

il

^^L
i

t-^~=-2?ir^---M

DETAILS

PORTABLE FLYPROOF PRIVY





CONVICT LABOR FOR ROAD WORK. 97

carry away bad odors. The opening of the flue in the box should

be screened against flies.

Portable Privy.

A design for a sanitary, flyproof, portable privy for use in con-

nection with camp buildings, or in convict camps subject to more
or less frequent moving, is shown in Plate IV. It is so arranged as to

provide a separate and private compartment for each occupant, and

may be constructed to accommodate as many occupants as desired,

as each compartment forms a section of the entire building. At
least one section should be provided for every 15 convicts. The door

is provided with a hinged spring so that it will close automatically

and the ventilating and other

openings are all screened. The
screened opening at the bottom
of the door serves not only as a

ventilator, but also, by afford-

ing a view of the legs of the

occupant from the outside, as a

means of checking the abuses

which frequently arise in convict

camps where it is possible for

more than one person to oc-

cupy a privy compartment at

the same time.

Sewers and Sewer Plumbing. Fig. 4.—The boxed can. Flies are excluded by the fly-

tight box. Such a device is safe, sanitary, and con-

Camps in which running water venlent, and may be placed in an existing privy

|. . - - or in any suitable outbuilding.

is supplied also must be provided

with an adequate system of sewers and sewer plumbing to carry

oflp the water and water-borne wastes of the kitchen, lavatories,

shower baths, and water-closets.

The sewer or the main pipe leading from the camp to the point

of disposal should be of salt-glazed, vitrified clay not less than 6

inches in diameter, with bell and spigot joints, and the joints should

be filled with cement mortar. The pipe should be laid in as nearly

a straight line as possible from the camp to the disposal point, and

care should be observed to eliminate abrupt irregularities in the

grade. In relatively temporary camps the pipe need be buried only

about 1 foot under the ground, except under roadways, where it

should be at least 18 inches under the surface. In permanent camps
it^will be well to lay the pipe from 2 to 4 feet below the surface of the

ground. In no case should a sewer pipe be laid within 100 feet of a

well.
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The sewer plumbing carries the waste water from the water-using

fixtures to a point about two feet outside of the building or buildingo,

where it joins the sewer tile.

The various pipes of the plumbing system are termed, according

to the function they serve, house drains, soil pipes, waste pipes, and

vent pipes, which terms are defined as follows

:

House drain: That part of the main horizontal drain and its

branches inside the walls of a building and extending to and con-

necting with the sewer tile.

Soil pipe: A vertical or nearly vertical pipe line extending through

the roof, receiving the discharge of one or more water-closets with or

without other fixtures.

Waste pipe: A pipe extending through the roof receiving the

discharge from any fixtures except water-closets.

Vent pipe: A special pipe provided to ventilate the system of

piping and to prevent trap siphonage and back pressure.

All the pipes of the system should be of extra heavy cast iron, and

the diameters of pipes of the various kinds should not be less than as

follows

:

House drains, 4 inches; soil pipes, 4 inches; waste pipes, 2 inches; vent pipes, 2

inches.

All pipes should be water-tight and air-tight and all joints should

be tightly calked with oakum and molten lead, the amount of lead

required for a joint being about 12 ounces for each inch in the diam-

eter of the pipe.

All changes in direction of both house-plumbing pipes and sewers

should be made with one-eighth and one-sixteenth bends, not with

quarter bends; and all connections of two pipes should be made
with Y branches, never with T's.

As previously intimated, all soil and waste pipes should be carried

vertically upward, beyond the highest fixture discharging into them
to an open end above the roof in order to provide free outlet for all

gases to the outside air.

To prevent foul gases from entering the buildings through the

fixtures, every fixture should be separately provided with a water-

sealing trap, placed as close to the fixture outlet as possible. The
action of the trap is explained by reference to the diagrammatic

representation of a U-trap shown in figure 5(a). The pipe A receives

the liquid and solid wastes of a sink, basin, or water-closet, while

the lower end, B, connects with the sewer. Foul gases rise in the

pipe B, but are prevented from passing to the fixture by the water

which stands in the trap.

In addition to its function as an outlet for the gases the vent pipe

serves to prevent the destruction of the action of the trap by siphon-



CONVICT LABOE FOE EOAD WORK. 99

age. This action is explained by reference to figure 5(b). When a

considerable body of water rushes down through the pipe A, it forms

a suction, and if the pipe is made air-tight, this suction is often

sufficient to prevent enough water remaining in the trap to form a

seal, thus leaving an opening for the passage of foul gases, as in

figure 5. By connecting the upper bend of the trap with the outside

air by means of the vent pipe V, figure 5(a), the suction will be

stopped and the water in the pipe A will not fall below the level of the

outlet at b.^

Sewage Puripication and Disposal.

In temporary camps provided with running water, it will be satis-

factory to drain the used water and sewage into a cesspool or pit,

Fig. 5.—Explanation of the action of the U-trap and vent-pipe.

located if possible at a considerably lower elevation than the camp
quarters, and at least 300 feet away from the well or water-source.

The size of the cesspool will depend on the population of the camp
and the character of the soil. In an impervious soil the dimensions

of the pit should be large, else it will fill up rapidly and another will

have to be dug. When the soil is light and porous enough to per-

mit the hquid contents of the pool to run off through it, the filling

up will be less rapid and the dimensions of the pool may be smaller.

Cesspools always should be covered to confine the objectionable

odors; and this may be done very simply by means of beams cov-

> Kidder, "Architects' and Builders' Pocketbook," p. 1327.
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ered by planks loosely laid, and these covered with 1 or 2 inches of

earth from the excavation.

In large or permanent camps the problem of disposal is not so

simple. For such camps, when they can not be connected with a

city or town sewage system, purification of some sort must be pro-

vided. This may be effected by a septic tank for the preliminary

treatment and ultimate disposal on the surface, by subsurface dis-

tribution, or by sand filtration. Such an installation usually will be

found to be beyond the skill of the average official in charge of the

camp and it will be advisable, in any case, to consult a rehable

sanitary engineer. It will be required in so few camps and the

details of the construction are of such a technical nature that no

attempt will be made to enter into the subject here. It is treated

as simply as possible in a previous bulletin of the department.^ The
department, through the Ofiice of Pubhc Roads and Rural Engineer-

ing, is prepared to give advice based on specific conditions on appli-

cation.
METHODS OF GARBAGE DISPOSAL.

The following methods of garbage disposal, arranged in order of

merit, were found in use in convict camps: (1) Incineration; (2)

carting away by farmers; (3) burial; (4) dumping into covered pits;

(5) feeding to hogs at the camp; (6) spreading over the surface of

the ground.

The simplest of the foregoing methods is that of having the gar-

bage hauled away by farmers, who, as a rule, are glad to take it for its

value as hog feed. As it is also a matter of great convenience to the

camp authorities to have the garbage removed at regular and fre-

quent intervals, this method generally is used whenever the necessary

arrangements can be made. Furthermore, if there be proper pro-

vision for the sanitary storage of the waste material for the time

during which it necessarily must remain at the camp, there can be

no objection to it from a sanitary standpoint. But as actually prac-

ticed in many of the camps visited the method of storage was very

primitive. It was the custom, after each meal, to dump both liquid

and soHd garbage into one or two wooden barrels, usually placed

from 100 to 200 feet from the main camp structures. Such con-

tainers are rarely cleaned or provided with covers and, standing

open, their contents rapidly become sour and attract swarms of fhes.

The barrels swell and warp and allow the liquid garbage to leak

through and saturate the ground; and they rapidly deteriorate, often

to the point of falhng apart altogether in the process of dumping.

Much better containers, of metal with tight-fitting covers, can be

1 Bulletin No. 57, U. S. Department of Agriculture: "Water Supply, Plumbing, and Sewage Disposal

for Country Homes." Copies of this bulletin may be obtained from the Superintendent of Documents,

Government Printing GflBce, Washington, D. C, at 10 cents a copy.
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purchased at almost any hardware store for a sum not exceeding

SI. 50. Such receptacles are water-tight and very serviceable, and

when left covered remain free from flies and do not give off disa-

greeable odors. To prevent them from becoming unnecessarily foul

they should be washed and scalded with boiUng water at frequent

intervals. As moisture is the immediate cause of souring, if the

garbage be drained and wrapped in paper before being placed in the

can it will not smell in hot weather, the can will not become dirty,

and will not require emptying more than once or twice a week.

This expedient will also prevent the garbage from freezing and

sticking to the can in cold weather.

At many camps, especially those in the South, garbage is collected

in open pails in the kitchen and fed to hogs. The latter are often-

times allowed to run loose around the camps and even have been seen

inside the dining quarters of prisoners. The garbage is thrown into

a trough or on the surface of the ground at some convenient spot not

far from the kitchen door and left to the hogs to dispose of. Such

primitive conditions should be tolerated no longer at any convict

camp, and hogs, if kept at all, should be penned securely at a distance

not less than one quarter of a mile from the camp.

Small, open garbage pails in the kitchens scarcely can be avoided,

and are not objectionable if the kitchens are screened from flies and

the pails emptied and cleaned after each meal. Camps have been

seen, however, where the kitchens were not screened and garbage

pails were hung at convenient angles on nails outside the kitchen

windows. Most of the garbage dumped through the windows would
fall into the pails, but some would drop down the sides of the build-

ings to the ground.

At many camps with plenty of vacant land surrounding them
garbage is carried once a day to a spot 100 yards or more from the

camp and water supply and is buried in shallow trenches. Under
these conditions there can be no serious objection to this method of

disposal. The trenches should be from 12 to 18 inches in depth and
the garbage spread over the bottom in a layer about 2 inches thick

and covered with earth immediately.

Garbage pits are in use at a few camps. They consist usually of

a hole about .3 feet wide, 5 feet long, and 4 feet deep. The top is

covered first with boards and then with earth, and a small trap door

is constructed through which the garbage and slops are dumped.
When the camp is moved the space which remains is filled with

earth. Garbage pits are not as satisfactory as the shallow trenches

already described. They are more liable to pollute the ground water,

and their contents may remain in the ground unchanged for long

periods of time and be uncovered by animals. They should be

avoided whenever better methods of disposal are possible.
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The disposal of garbage is accomplished in some instances by
spreading it over the surface of the ground at a distance of 100 to

300 feet from the camp. The moisture evaporates rapidly in dry, hot

weather and the remains, though unsightly, are greatly reduced in

bulk and have but little odor. In damp weather, however, the gar-

bage retains its moisture for a long time. It ferments and attracts

large numbers of flies, and the odors are offensive for considerable

distances. The rains wash it over the surface of the ground and may
even carry some of it back to the camp, causing unpleasant odors

and attracting flies. Under these conditions springs and wells are

not free from danger of pollution. This method is, therefore, very

unsatisfactory and should not be used.

Incineration.

Destruction by fire of both liquid and solid garbage wastes gives

absolute security. Only one convict camp was encountered where an

incinerator was m use, and in this case not only was garbage

destroyed but all general camp wastes, including horse manure. The
officers of the camp were enthusiastic over the results which had been

attained by the use of the incinerator, the sanitary condition of the

camp was excellent, and flies were few in number.

A very simple type of incinerator is constructed by digging a pit

5 feet long, 2^ feet wide, 6 inches deep at one end and 12 inches deep

at the other. The pit is then fiUed with field stones upon which the

fire is built, and the excavated earth is banked about the sides.

After the stones have become thoroughly heated liquid wastes are

poured into the pit at the shallow end. They come into contact with

the hot stones at the bottom of the pit and are evaporated without

quenching the fire. The solid wastes are placed on the fire where

they soon dry out and burn as fuel. If stones are not available, tin

cans may be substituted and used repeatedly. When neither stones

nor cans are at hand a fire made in a pit of this character will destroy

a considerable amount of garbage, both liquid and solid, but the use

of stones or cans is preferable.

CALDWELL (OR ENGLISH) CREMATORY.

^

Whenever fuel is scarce and stones few, this style of crematory may
be improvised readily and is very efficient. It consists of a trench 10

feet long and 1 foot wide, about 15 inches deep at the middle and
thence gradually shallowing up at each end to the surface level.

Over the deep part, with one end resting on the edges of the trench,

a barrel is placed, and around it clay, earth, or sod, sprinkled with

water, is packed tightly. A fire is made in the interior and the barrel

burned out, after which there remains a hoUow cone of earth. Fuel

and garbage are dropped down this chimney. Of the two openings

1 Havard, Valery, "Military Hygiene," pp. 654-655.
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in the trench at the bottom of the chimney the one to leeward is

closed. A bed of tin cans in the fireplace makes a fair substitute for

a grate. Every morning, or as often as necessary, the ashes and cans

are raked out and a fresh fire started on a new bed of cans. If the soil

is porous, a large quantity of liquids can be evaporated by pouring

them into the trench slowly.

FOUR-OPENING CREMATORY.

A four-opening crematory may be made by digging two trenches

bisecting each other at right angles. This has the great advantage

?'^6"-

Fie/c/ <sfo/7e

^^^«'/7/f•

of having one of the

trenches alwaysm the

direction of the wind,

and a good draft al-

ways can be secured

by plugging the

throats of the other

trenches.

Wlien two bisecting

trenches are used the

chimney is built over

the point of the in-

tersection, and four

boards, flat stones,

or pieces of sheet iron

must be laid across

the trenches for its

support. If iron

bars, old rails, o r

scrap iron are avail-

able they can be
placed in so as to

form a grate.

If a few pieces of

corrugated roof
metal are at hand they can be shaped easily into a serviceable

chimney, thus saving time and labor.

BARREL INCINERATOR WITHOUT TRENCH.

ThLs type of incinerator (fig. 6) may be constructed of field stones,

as shown, or of fire brick. The stones or brick are built around a
barrel, and laid in and covered with moist clay. When the clay has
dried and hardened sufficiently to c(;m(^nt the stones the barrel may
b(^ burned out. An incinerator of this kind is suitable for a camp of

12.5 persons.

Fig. 6.—Barrel incinerator without trench.
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DISPOSAL OF GENERAL CAMP WASTES.

Metal receptacles with tightly fitting covers should be placed at

convenient points about the camp and all waste materials placed in

them. They should be emptied once each day and their contents

disposed of by burning. The incinerators may be used to good

advantage in this connection. Materials not entirely consumed by
the fire should be buried. Tin cans always should be placed in the

fire and then buried. If left on the surface of the ground with

particles of food and moisture adhering to them, they may furnish

breeding places for flies and mosquitoes.

Some one prisoner should be made responsible for the cleanliness

of the camp grounds and their surroundings and daily inspection

should be made by the camp authorities in order to see that wastes

are properly collected and disposed of.

DISPOSAL OF BATH AND LAUNDRY WASTES.

Water which has come m contact with the body duriug the process

of bathing, and that which has been used in washing dirty clothiag,

may contain the germs of any disease with which any person in the

camp happens to be afflicted. In spite of this fact, however, it is a

common custom to empty bath and laundry wastes on the surface of

the ground in the vicuiity of the camp structures, where they cause

pollution of the soil and are unsightly and iU-smeUing. Water-tight

covered receptacles should be provided for all liquid wastes, which

should then be evaporated in the incinerator, or carried 100 yards or

more from the camp, poured into shallow trenches, and covered with

earth.
FLIES AND MOSQUITOES.

In almost all convict camps flies and mosquitoes are present in

such numbers as to be a veritable scourge. In general, only rather

feeble attempts are made to get rid of them because the actual

menace which they present, the conditions under which they breed,

and effective methods for their destruction and prevention are under-

stood but little by those in charge of camps.

Flies.

The danger of the transmission of disease by flies in particular can

not be emphasized too strongly. They breed in and feed upon the

filth of privies and manm^e piles and carry particles of it on their

bodies and legs to kitchens and mess rooms, where they come into

contact with and contaminate the food. In this way there is reason

to believe that fhes convey infection in such diseases as typhoid fever,

cholera, dysentery, diarrhea, smallpox, hook-worm disease, tubercu-

losis, measles, scarlet fever, diphtheria, skin infections, and many
others.
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It has been found that a single fly may carry more than 6,000,000

germs on the outside of its body and as many as 28,000,000 in its

intestmal canal. What it means, therefore, to have a fly fall into

milk or other Uquid food is seen readily.

The suppression of flies at convict camps can be successfully ac-

comphshed only by doing away with their breeding places. Screens,

flytraps, sticky fly paper, and poisons all are useful in waging war
against them but are not, in themselves, sufficient. The fundamental

rule which should be enforced rigidly is that of absolute cleanliness of

the camp and its surroundings. Human excreta, garbage, and other

wastes must be protected from flies by methods described under para-

graphs dealing with those subjects, and such breeding places as

stables, chicken yards, and hogpens should be removed as far as

possible from the main structures. As flies seldom travel more than

500 yards from their breeding places, it follows that if the mess and
living quarters be separated from such places by at least that dis-

tance immunity from flies will be practically assured. But it is usu-

ally impracticable to locate the stable at such a remote distance, and,

since piles of manure are favorite breeding places, special measures

must be adopted for their disposal or treatment. The most practical

of such measures are outlined as follows

:

(1) The manure may be placed in covered barrels each morning

for removal by farmers at least twice a week, and the polluted

ground about corrals may be sprinkled with kerosene; (2) the

manure may be burned in an incinerator; (3) the borax treatment:

Apply 0.62 pound borax, or 0.75 pound calcined colemanite, to every

10 cubic feet (8 bushels) of manure immediately on its removal from

the barn. Apply the borax with a flour sifter or any fine sieve, par-

ticularly around the outer edges of the pile, and sprinkle 2 or 3 gallons

of water over the borax-treated manure.^ With regard to the effect

of this treatment upon the value of the manure as a fertilizer, it is

recommended that not more than 15 tons of the borax-treated

manure be apphed to an acre, as its effect has not been studied in

connection with all crops. With borax at from 5 to 6 cents per

pound the cost of the treatment will be about 1 cent per horse per

day, and if calcined colemanite be purchased in large quantities

the cost should be considerably less; (4) the hellebore treatment:

Apply to every 10 cubic feet (8 bushels) of manure a mixture of one-

half pound of powdered hellebore in 10 gallons of water. As in the

case of the borax treatment, special attention should be given to

the outer edges of the pile. This treatment is somewhat more expen-

sive than the borax treatment, the estimated cost per horse per day

' Bullfftln No. lis, U. S. Oopartment of Agriculture: "Experiments in tlie Destruction of Fly I^arvac

In Horse Manure." Bulletin No. 245, " Further Experiments in the Destruction of Fly Larvae in Horse

Manure." ,
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being about 1.4 cents. But it has the distinct advantage of not

affecting the fertihzing value of the manure even when used in

excessive amounts.
Mosquitoes.

It is now definitely known that in nature malaria is transmitted

only by the sting of certain species of mosquitoes, and the most suc-

cessful means of avoiding this disease is to provide protection from

mosquitoes.

When convict camps are located for an entire summer season in

regions where mosquitoes abound, it may be found profitable to strike

at the mosquitoes by destroying their breeding places in so far as this

is practicable.^ The antimosquito measures generally employed are

briefi}^ described by the United States Public Health Service as

follows

:

(a) Regrading and training of streams, creeks, or similar natural water courses so

as to favor a free current.

The shallow grass-grown margins of streams, ponds, or any bodies of water must be

cleared and the banks made with a clear-cut edge in order that any top-feeding min-

nows present may have a clear field for their activity and that this field may be

extended.

(&) Drainage for the removal of standing water or to produce a movement of water

unfavorable to mosquito breeding. Ditches should be as few and as short as possible

and so constructed that any water present will be confined to a narrow channel. Open
ditches must be kept free of grass, debris, or any other obstructions. They may be
made permanent and easy of maintenance by lining with cement, stone, or wood.

Ditches as ordinarily used should have a bottom not over 8 inches wide and the

sides sloping.

Subsoil tile drains, while more costly, are more effective.

(c) Filling in of places which are too low to drain or which can not be drained eco-

nomically. For this purpose any available porous material, such as ashes, sawdust,

or shavings, may be employed. When using sawdust or shavings, such material should

extend 6 inches or more above high water which follows a heavy rain.

(d) Oiling and larvicides. Oil may be applied by the use of (1) a garden watering-

pot; (2) a knapsack sprayer; (3) a drip can for intermittent or continuous oiling regu-

lated to deliver 18 to 20 drops of oil per minute. The bottom of the drip can should be

about 4 feet above the level of the water surface
; (4) an oil-saturated bundle of cotton

waste. This is to be anchored into place and will serve for about one week, (e) Natu-

ral enemies. Stocking with top-feeding minnows is a measure applicable in certain

ditches, ponds, swamps, streams, and many other bodies of water.

For camps which change their location every few weeks the fore-

going measures may be too elaborate for use. It should be remem-
bered, however, that mosquitoes can not live in the hot sun and that

the clearing away of high grass and underbrush from the surround-

ings of the camp will aid materially in diminishing their number. AU
barrels and tubs used for the storage of water should be covered

tightly with thicknesses of burlap, sheeting, or cheesecloth, held in

place by well-fitting hoops, and should be fitted with spigots so that

1 Reprint No. 272, From the Public Health Reports, U. S. Public Health Service, Apr. 30, 1915.
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they need not be uncovered except for cleaning and filling. Wooden
covers are not satisfactor}^, as they do not fit tightly enough to keep

out mosquitoes and are hable to warp. Cesspools and privies must be

constructed in such manner as to prevent access of mosquitoes, while

tin cans, broken bottles, sagging gutters, holes in rocks, hollows in

trees, or any other places which may hold water and serve as breeding

places for mosquitoes, should not be allowed to remain about a camp.

Areas of stagnant water, when they can not be drained, should be

treated once every ten days with a half and half mixture of crude oil

and kerosene.

Screens and mosquito bars are indispensable in keeping out mos-

quitoes wherever they are prevalent, and in some places both screens

and bars will be found necessary. At those camps in which steel con-

vict cages are in use screening is comparatively simple and inexpen-

sive, and satisfactory results are obtained by carefully screening the

fom* open sides. Experience has shown that mosquitoes can some-

times pass through a metal-wire screen containing 16 strands or 15

meshes to the inch, but can not pass through one which contains 20

strands or 19 meshes to the inch.^ Screens made of iron wire are

cheapest at first cost, but require painting in order to make them last

through a season. The paint reduces the size of the mesh, so that

ventilation is interfered with to a considerable extent. On the other

hand, screens of brass or copper last almost indefinitely and though

expensive at first may be cheapest in the end.

Mosquito bars are well adapted for camp use and should be a part

of the regular equipment in regions where mosquitoes are numerous.

They may be suspended from the ceiling and tucked in around bmiks
or may be arranged so as to rest upon the floor all around the bed.

VOLATILE OILS.

Oil of citronella, oil of pennyroyal, and similar substances are used

frequently to rub on the face and hands and to place on the bed-

clothes at night, and have some effect in keeping away mosquitoes.

They evaporate rapidly, however, so that their benefits are only

temporary. None of them will last through the night.

ISOLATION AND PROTECTION OF PERSONS SUFFERING WITH MALARIA.

Any prisoner who is suffering with symptoms which may reason-

ably be ascribed to malaria should be isolated at once and carefully

protected from mosquitoes by mosquito bars. This will prevent

mosquitoes which are not infect(^d from biting the patient and so

becoming infected and capable of transmitting the disease to others.

Mosquito<^s can not transmit malaria without first bitiiig a person

' Kosenau, " Preventative Medicine and Uygiene," p. 205.
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who has the disease in his system, so the importance of this method
of prevention is apparent.

PREVENTION OF MALARIA BY THE DAILY ADMINISTRATION OF SMALL QUANTITIES OF
QUININE.

This method of preventing malaria often may be useful in camps

which are estabhshed in malarial regions for short periods of time,

but it does not take the place of measures for mosquito suppression.

From 2 to 3 grains of quinine sulphate daily is the generally accepted

amount and often accomplishes good results.

SANITATION OF QUARTERS.

Overcrowding of Sleeping Quarters.

The quarters of a few permanent camps visited were so arranged

as to provide space enough between the rows of bunks for chairs and

reading tables; but in the great majority of camps visited the

sleeping quarters were badly overcrowded, the general rule being to

squeeze in as many men as the structures could be made to accom-

modate. At some of the camps there were no spaces whatever

between the beds, and the faces of the sleeping inmates could never

be more than 30 inches apart and might be in actual contact, a con-

dition highly favorable to the spread of communicable diseases. In

other cases men were crowded into shacks or tents in triple-deck

bunks, or bunks of double width for two men were placed side by side

or in double tiers, and other camps were seen in which all the regular

bunks were occupied and extra ones were provided by placing mat-

tresses over boards laid across beams at the level of the eaves, so

that the men slept in the space formed by the pitch of the roof.

The worst cases of overcrowding occur in the cages which are some-

times used for housing convicts. These cages, mounted on wheels,

are from 7 to 8 feet in width and height and from 12 to 18 feet in

length and closely resemble the cages in which wild animals are

driven through the streets in a circus parade. They are fitted with

bunks in three tiers which extend along both sides of the cage,

leaving an isle 2 or 3 feet wide down the middle. The bunks are 2^
feet in width and 6 feet long, so that 18 men can ordinarily he placed

in a cage 18 feet long. A cage was seen in which two men slept in

each single bunk, an example of overcrowding scarcely to be imagined.

In this instance 49 cubic feet of air space and 7 square feet of floor

space was the allowance which each man would receive if the cage

were entirely unfurnished, but the actual space was considerably less,

owing to the presence of a stove, toilet seat, bimks, and bedding.

This particular cage in its original construction had a steel grating

on both sides, so that the air could circulate freely through it, but
when observed the entire cage had been inclosed in a tight casing of
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matched boards. There were two wmdows 1 foot wide by 1^ feet

long on both sides of the cage and four such windows on one end.

Every window was tightly shut and some were firmly fastened by
strips of wood nailed across on the outside. The only permanent

openings were the ones in the floor under the toilet seat and the one

in the roof for the stovepipe. Add to the details already presented

a dark and dirty interior ahvewith vermin, blankets indescribably

foul and filthy, and a hole underneath filled with uncovered, unpro-

tected human filth, and the picture is complete.

While this condition is the worst which the investigation revealed,

many other overcrowded, dirty, vermin-ridden wooden cages were

found in use. The steel cages can be kept free from vermin, but, as

seen in actual use, they are badly overcrowded and tightly closed on

all sides at night by the canvas curtains with which they are provided.

Proper Space Allowance.

The question of the exact number of persons which may properly

be assigned to a given space is one which is difficult to answer. It is

reasonable to assume, however, that the space in the sleeping quarters

of any camp shotdd be sufficiently large to permit a healthful separation

of the occupants and to allow the body all necessary freedom of mo-
tion. As the result of observations of many convict camps and with

a knowledge of the economic problems with which they are con-

fronted, the conclusion has been reached that an allowance of 20

square feet of floor space for each man and a distance of 2 feet be-

tween beds or bunks (which should be single) is the least that can be

provided without serious overcrowding. The separation of the beds

and economy of floor space may be obtained by the use of double-

deck bunks. The bmiks should be set out a foot or more from the

walls of the building, in order to allow a free circulation of air on

ail sides.

Ventilation.

When human beings are inclosed in a space not provided with

adequate means for the entrance of fresh air and the escape of stale

air, the atmosphere may become overheated, overmoist, and stag-

nant, and experience has shown that this is an extremely unhealthful

condition in which to live. Not only is the working power diminished,

but the vitaUty of the body and its abihty to resist disease also are

impaired.

In the winter persons who Uve in overheated rooms filled with

stagnant air made moist by the breath and excretions of the skin are

especially susceptible to coughs, colds, pneiunonia, and other dis-

eases of respiration wliicli could bo avoided to a great extent by good

ventilation. In summer, when oven the outdoor air is often hot and
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moist, the thorough ventilation of Uving quarters will prevent indoor

conditions from being many times worse.

From recent experimental evidence it appears reasonable to con-

clude that the bad effects of stale air are due to the heat and moisture

which it contains and permits to cHng around the body, forming what
has been called an "aerial blanket." ''The breaking up of this zone

of concentrated discomfort by circulation of the air is a most impor-

tant factor in good ventilation."^

The regidation of air space alone can be of httle value. No mat-

ter how large the space, the atmosphere may become stagnant,

moist, and overheated, and however small the space, the tempera-

ture and humidity may be kept within healthful hmits.

The temperature at which the body may best be maintained under

ordinary conditions has been found to range between 66° and 70° F.,

and the problem of ventilating convict camps resolves itself into one

of keeping the temperature as nearly within these hmits as possible

during the winter months and in making inside conditions as nearly

as possible hke those out of doors in the simimer months. This may
best be accomphshed by making several small inlets for fresh, cool

air in both sides of the building at the level of the floor and providing

outlets for the heated air in the roof, preferably along the ridge.

Ventilating openings should always be screened. The size and num-
ber of ventilating openings should depend upon the size and shape of

the room, and no general statement will apply under all circumstances.

In a large apartment it is usually better to provide a number of small

openings for the incoming air rather than one large one, and the same
is true of outlet openings.

An excellent type of structure for summer use is that in which

the sides and one or both ends are open and protected by screens for

a space of 3 or 4 feet in width all the way around .

Tents and other structures whose sides are inclosed only with canvas

curtains receive a considerable amount of air which passes through

the pores of the canvas, but when the temperature of the inside and
outside air is about the same, and in wet weather when the pores

become closed by the swelhng of the canvas, the ventilation may be

bad, and openings should always be provided at the ridge. Types
of poorly ventilated quarters are shown in Plate V, figures 1 and 2.

Heating.

Almost all convict camps use wood-burning stoves for heating

purposes and find the method generally satisfactory. The stoves

are placed as near as practicable to the center of the room, or distrib-

uted along the aisles when more than one is required. At one camp
of a somewhat permanent character a complete hot-water heating

I Winslow, C. E. A.
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system had been installed. The boiler was located in a covered con-

crete pit outside the bimk house and was large enough to furnish

an ample supply of hot water for shower baths and washbasins.

One large camp under canvas obtained very satisfactory results in

heating the tents by using stoves consisting only of a cone of sheet

iron with a grate at the base and a stovepipe fitted to the upper end.

There is a door in one side and the ground is hollowed out slightly so

as to allow the air access to the grate from underneath. The cost of

these stoves is about $3 each.

Lighting.

Light usually is provided by lanterns and small oil lamps, but

camps occasionally are seen in which large drop-lights are furnished

for reading purposes. Many camps are located so that electric

lights are possible.

Sanitary Provisions for the Keeping of Extra Clothing.

At many camps pigeonholes or shelves for the keeping of extra

articles of clothing are furnished in a space set apart expressly for

that purpose. This space may be in the laundry shed or tent, or

it may be a part of the storeroom. Small boxes in which the pris-

oners may keep letters, toilet articles, and small personal belong-

ings generally are nailed to the walls at the head of each bunk.

Camps with facilities such as these can be kept in a neat and orderly

condition and are cleaned readily. Unfortunately, however, there

are camps where all the clothing of the prisoners must be kept in the

already overcrowded bunk houses. Boxes fiEed with clothing and
other possessions are placed on the floor under the bunks ; articles of

every description are suspended from hooks and nails driven into

the framework of the structures; and ropes and twine upon which

to hang objects which can not be disposed of elsewhere are strung

about the room. Many things are placed on the bunks in the day-

time and mider the mattresses or on the floors at night. Not only

do quarters thus cluttered present an extremely disorderly appearance,

but the free circulation of air is prevented, valuable space is taken

up, the articles collect dust and dirt, and proper cleaning is made
extremely diflicult.

Cleaning of Bunk Houses.

Most of the dust and" dirt which finds its way into the bunk houses

is carried in on the feet and may be reduced greatly by the use of

scrapers and metallic mats at th(; doors. In addition to the mud and
dirt, the floors also receive sputum, fragments of food, and other

(jrganic debris shaken from the clothing and bedding. These im-

purities, when dry and ground into a fine dust under the fe(!t of the

occupants, are set in motion by air currents, scattered widely ov<t

53577°—Bull. 414—IG 8
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all the objects in the room, and breathed in with the air. Ordinary

dry sweeping stirs up a great deal of dust which settles again over

the same or different parts of the room and meanwhile pollutes

the air. This method of sweeping, therefore, is worse than none at

all. The proper method of cleaning floors is by using a damp mop,

not by sweeping. The mop should be dipped in a bucket of water,

wrung out, rubbed on the floor, then washed and rinsed in another

bucket of water. The method of cleaning floors by flooding them
with water and then scrubbing and sweeping is bad, because the

dampness promotes the growth of bacteria and the water gets into

the holes and fissures, causing the wood to warp and crack.

A practice by which miuch labor in sweeping and scrubbing may be

saved is that of coating the floors of bunk houses with an oil floor

dressing. The particles of dust adhere to the dressing, but may be

removed easily by sweeping, because they are too heavy to rise and

float in the air.

Such a dressing preserves the wood and tends to keep out vermin

and insects. Oil dressings for this purpose are well known and exten-

sively used and may be purchased through almost any hardware store.

The price ranges from 20 to 30 cents a gallon in 1-barrel lots, contain-

ing from 50 to 53 gallons. It is also possible to pufchase the dressing

in 5-gallon lots, but at a higher price. One gallon properly applied

will cover about 600 square feet of floor space, and a single appHcation

is said to be effective for two or three months.

Spittoons.

Spittoons are used in some camps, but not in all. In many cases

boxes filled with sawdust are provided, and the contents are burned

each day. Such boxes, while far better than notiling, are almost

impossible to clean and disinfect, and while being dumped on the fire

the sawdust contaminated with sputum is often caught by the wind
and scattered broadcast about the camp. A much better receptacle

for the sputum is a metal or fiber spittoon which rests firmly on the

floor and has a wide opening to permit easy cleaning. Spittoons

should be removed each day to the place where other excreta are dis-

posed of and cleaned, preferably with boiling water, then partially

fiUed with a disinfecting solubion. Since, without the knowledge of

the men who eject it, sputum may contain the germs of tuberculosis,

diphtheria, pneumonia, and many other diseases, rules against pro-

miscuous spitting about the camp and in the quarters should be

enforced rigidly.

Vermin.

Convict camps are especially hable to vermin infestation, and con-

stant care and watchfulness are necessary to keep the quarters free.

The bathing of aU incoming prisoners and disinfection of their cloth-
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Fig. 1.—Poorly Ventilated Temporary Shack.
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Fig. 2.— Poorly Ventilated Permanent Quarters.
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Fig. 1.—Ramshackle and Insanitary Kitchen.
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FiQ. 2.—Insanitary Privy.
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ing, as recommended elsewhere, is the surest means of preventing the

introduction of vermin, but even at camps where every precaution is

taken infestation may occur. It has been said that the guards some-

times bring vermin to a camp after returning from leave of absence.

The bedbug, or "chinch," is the commonest of the camp vermin,

although the body louse is encountered sometimes. Bedbugs are par-

ticularly difficult to control in the wooden convict cages and in those

camps in which the bunks are made of wood. They thrive under

filthy conditions. They secrete themselves in cracks and crevices in

the wood and have been dug out of holes made by nail heads deeply

driven. At convict camps where folding Army cots had been in use

it was stated that the bugs were found frequently between the canvas

and the wooden frames.

Bugs may be eradicated by spraying or painting the crevices and

cracks of woodwork with kerosene, gasoline, oil of turpentine, or

corrosive sublimate solution in 1 to 1,000 dilution. The superficial

spraying or sprinkling of floors and bedclothes with formalin or

other disinfecting solutions is absolutely useless, although it is a

favorite camp method for combating almost every evil resulting from

dirt and neglect.

Sulphur fumigation is a very cheap and effective method of de-

stroying vermin and insects of all kinds. When this is to be used,

every crack and opening in the building must be closed by strips

of newspaper smeared with flour paste. Chimney openings and key-

holes should not be overlooked. Sulphur, in the proportion of 2

pounds for every 1,000 cubic feet of air space in the building, should

be broken into smaU pieces and placed in a shallow vessel, prefer-

ably of iron. The dish should have a wide opening so that as large

a surface of sulphur as possible may be exposed to the air in order to

favor combustion. In a large building it is well to distribute the

sulphur about the space in several pots. To avoid danger of fire, the

pot containing the sulphur should be placed in a large metal recep-

tacle, such as a metal washtub, with a few inches of water in the

bottom of the latter. The whole should then be supported 3 or 4

inches above the floor by means of two pieces of wood, pipe, or other

convenient material. When the sulphur pots and pans are all in

place and all openings are pasted up securely except the one exit for

the man who is to fire the sulphur, the operator, beginning with the

pot farthest from the door, should pour into each sulphur pot about

half a cup of wood alcohol or denatured alcohol from a closed can

(the ordinary kerosene oil can is safest), and then throw in a lighted

match. After he has lighted all the pots and withdrawn, the exit

should be closcc] tightly and strips of paper pasted outside over the

cracks between the door and the frame. The building should remain
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closed for at least 10 hours, and longer if possible. Doors and win-

dows should then be thrown open and the building aired thoroughly.

Sulphur gas corrodes metal, and, where moisture is present, injures

fabrics, often fading and rotting them. Blankets and clothing

should therefore be removed from bunk houses before fumigation

takes place and beaten out and sunned for several hours. If the

fumigation is done on a day when the atmosphere is dry, however,

and safeguarding from fire can be accomplished without the use of

water in the pans, then blankets and clothing may be exposed to the

fumes to advantage and without fear of injury. Sulphur fumes are

just as destructive to insects and vermin in a dry as in a moist

atmosphere. Metal cooking and eating utensils, and all food sup-

plies, should be removed before fumigation. Any polished metal

that can not be taken out may be protected by smearing vaseline

over it.

Kitchen and Mess Quarters.

In camps of the better sort the kitchen and mess quarters are well

constructed and the kitchen, at least, floored. Doors and windows
are screened properly, flytraps are in use both inside and outside the

quarters, and the condition of tables, benches, and cooking and

eatmg equipment compares favorably with conditions found in the

average household. But at some camps, mess rooms and kitchens

are in a frightfully insanitary condition. The structures themselves

are sometimes miserable, ramshackle huts, as shown in Plate VI,

figure 1, and both space and facilities are so limited that any attempt

at order or cleanliness is out of the question. Frequently unfloored,

the gromid within the kitchens in particular becomes muddy from,

slops spilled accidentally, and fragments of food litter the tables and

the groimd. Flies swarm over the food and around the sour, open

garbage pail, which usually occupies a position just outside the door.

Frequently a mess room is not provided in this type of camp, and

after receiving their pans of food at the kitchen window the prisoners

seat themselves about the camp grounds on stumps or any other

objects which can be made to serve the purpose. In bad weather

they eat while sitting on their bunks.

At several camps visited dining tables and benches were placed

under canvas awnings or shelters of frame construction, and some-

times a wooden flooring was provided. Such an arrangement may
be made to have a very neat and attractive appearance, as shown in

Plate VII, figure 1, and is far preferable to a dirty, overcrowded

space in a frame structure or tent. However, dining shelters of this

type can not be used except where the climate is warm and dry.

There are many camps where an attempt has been made to screen

the dining room and kitchen, but where the flies seem quite as

numerous as in structures not screened at all. The lack of success
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is due largely to the carelessness of the kitchen force, which allows

the screen doors to remain open much longer than is necessary.

Screen doors should be provided with firm springs in order to keep

them closed, and knot holes and all other spaces in the walls of the

dining room and kitchen must be stopped if flies are to be kept out.

At camps in which the responsibility for keeping these quarters

neat and clean is placed upon one man much better results are

attained than is the case when the kitchen force in general is sup-

posed to attend to this duty. The kitchen and dining room should

be cleaned thoroughly at least once a week and the floors should be

mopped daily.

Tables should be brushed after each meal, scrubbed with soap

and hot water, rinsed with clean water, and dried. Saltcellars, pep-

per boxes, vinegar cruets, mustard pots, and sugar bowls should be

wiped with a dry cloth after each meal, and care should be taken to

see that they are filled properly.

Dishes should be washed first in water in which there is plenty of

soap and should then be scalded. Flatware—knives, forks, spoons

—

should be washed clean in a separate pan, and then scalded and wiped

dry. The scalding of dishes and flatware is of great importance and

never must be omitted; otherwise there is danger of infectious dis-

eases being carried from one person to another.

HEALTH CONDITIONS AND CARE OF SICK AND INJURED.

Complete physical examinations are seldom made at the time the

men are sent to the road camps. Prisoners are examined upon their

admission to the penitentiaries and their records thereafter are known
in a general way to the prison physicians. If they have not been

sick during their stay in the prison they generally are considered as

being in good physical condition. In some States the only necessary

qualification is that the men shall apparently be able to work. When
the men enter the camps under these conditions, the ones who are

able to work do so and the others are sent to the State farms or

county hospitals for treatment. It is not intended that prisoners

suffering from venereal diseases should be permitted to enter the

road camps, but in the vast majority of camps visited venereal dis-

eases wore not entirely absent.

PHYSICAL CONDITIONS OP CONVICTS IN CAMPS AND DISEASES PRESENT.

The physical condition of the convicts employed on road work
depends very largely upon the care which has been used in their

selection and the motives which have actuated physicians and war-

dens in their choice. Camps in which the main purpose is to accom-

plish the greatest possible amount of work usually are composed of

stalwart laboring men in tlio prime of life, well suited in every way
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to do the work they are called upon to perform. Other camps,

especially those operated under the honor system, are more repre-

sentative of the convict class as a whole and are composed of men
of all ages and from many different walks of life. Prisoners over 60

years of age are not infrequently seen at work on the roads, but

since it is generally recognized that they are not able to do as much
work as younger men, allowances are made and they are permitted

to remain so long as they show a willmg spirit and conduct them-

selves in a proper manner. Others not at all accustomed to hard

manual labor also are employed on the roads, but are neither required

nor expected to measure up to the standard of more experienced

laborers, A cheerful attitude toward the work and a disposition to

abide by the rules of the camp are the principal requirements.

In the Eastern and Western States very few diseases are found

among the prisoners in the camps. It is rather common to find one

or two cases of chronic gonorrhea in camps consisting of from 50 to

100 white prisoners, and several cases with a history of syphilis, but
without clinical symptoms, usually can be found by questioning.

Serious illnesses are very few and it is seldom that a prisoner is

obliged to lay off for more than one or two days at a time.

Two camps were found in which cases of typhoid fever had occurred.

In each instance it was definitely ascertained that the disease had
resulted from the drinking of polluted water outside of the camp
supply. At both camps prisoners were warned against drinking

water from unknown sources and in addition to this each man
received the antityphoid inoculation. In one State, all persons who
were admitted to the penitentiary were vaccinated for smallpox and

received the antityphoid inoculation, but in general neither the

convicts in the penitentiaries nor those in road camps undergo either

of these treatments.

In the southern camps, where a large majority of the convicts are

negroes, venereal diseases are extremely prevalent and in most cases

no attempt is made to prevent prisoners with these afflictions from
entering the camps. Superintendents of negro camps admit freely

that many of their men are suffering from venereal diseases in one

form or another and that they are greatly hampered in their work
from this cause. Mercury and potassium iodide always are kept in

stock and negroes showing symptoms of syphilis receive sufficient

treatment to enable them to keep at their work. In certain camps
negro convicts have been seen with fever, headache, mucous patches

in the throat, pains in the bones, and syphilitic scars and ulcera-

tions on the body, and it is said that convicts frequently are sent

to the camps in this condition and that it is useless to return them
for treatment because other cases as bad or worse may be sent in

exchange. It is a common custom when prisoners are transferred
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from one camp to another for the superintendent to choose his syphi-

htics to send to the next camp. Superintendents say that they try

to keep the washbasins, towels, and dishes of such prisoners separate

from the rest, but it is almost impossible to care properly for syphi-

htics in a camp and they never should be sent there.

Hookworm disease is found frequently among convicts in the

South. One physician stated that 15 out of 17 convicts whom he

had examined at one camp were infected with hookworm. No
attempt is made to cure such cases.

Pellagra was found at only one camp, the others being remarkably

free from this disease.

Cases of tuberculosis are not infrequently discovered in the negro

camps but, as a rule, are sent immediately to the State or county

hospitals for treatment.

The daily sick rate at 40 camps in different parts of the country

was found to vary from less than 1 per cent to 6 per cent. This

variation is attributable to a number of different factors. Many men
who report themselves sick are suffering from slight indispositions

with vague and indefinite symptoms which lay them up for a day or

two. Others are incapacitated temporarily by sore muscles, lame

backs, boils, and minor cuts and bruises. Disturbances of digestion,

due to overeating, are rather common among men entering the camps
after long terms in the prisons. Such cases occur much more fre-

quently at the camps where a good variety of appetizing food is

served. An epidemic of coughs and colds or influenza increases the

average sick rate of a camp very materially. It happens not infre-

quently that a prisoner may receive an injury which incapacitates

him for work for several weeks. Under ordinary conditions such a

man is returned to the prison and a substitute is sent, but at honor

camps a man recovering from an injury often is kept at the camp
because it is considered a hardship to return him to the prison and

because the life outside will hasten his recovery. Cases have been

encountered where men were kept at the camps even though they

were obliged to remain on the sick list for six weeks or longer, "although

this humane treatment entails a high sick rate.

In States where the examination of prisoners is lax, men subject

to frequent attacks of illness such as rheumatism, tonsilitis, hemor-

rhoids, and boils may be sent to remote camps. They are able to

work only a part of the time and yet are kept at the camps because

of the expense and inconvenience of returning them to the prisons.

This practice increases the sick rate but is no fault of the camp
authorities.

Cases of pretended sickness occur occasionally at practically all

convict camps. The personality of the superintendent of the camp
is of great importance in preventing this difficulty and instances have
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been observed where a change of superintendents resulted in an

immediate decrease of 50 per cent in the daily number of men sick.

ARRANGEMENTS WITH PHYSICIANS FOR THE TREATMENT OF CONVICTS IN ROAD
CAMPS.

All convict camps have arrangements whereby the services of

physicians may be secured when necessary. The methods of securing

medical and surgical aid vary in different camps and under different

conditions and are as follows:

Treatment by Prison Physicians.

When camps are located within a reasonable distance of the State

penitentiary, medical and surgical treatment always is furnished by
the prison physicians so that the camp is under no extra expense for

medical care. The prison physicians make visits to the camp at

regular intervals, and, in addition to prescribing treatment, give advice

regarding the sanitary upkeep of the camps. This is an excellent

arrangement and the results are very satisfactory.

Treatment by State Medical Officers.

In the State of Florida two physicians are employed at salaries of

$1,800 per year, who devote their entire time to visiting all camps in

which State convicts are employed. They examine prisoners who
report themselves sick and prescribe treatment at the camp or order

them to be sent to the hospital at the State farm if their illnesses are

such as to incapacitate them for work. They also inspect the camps
to see that they are kept in proper sanitary condition and supervise

the feeding of the men. Each camp is visited by one of these physi-

cians about once in every three weeks. In the meantime a local

physician is employed to see that orders are carried out and to take

charge in emergencies.

Treatment by County Physicians.

County convict camps usually are under the supervision of the

county physicians. The camp duties of these officers are a usual

part of their regular work and extra salaries are seldom paid therefor.

County physicians sometimes visit camps at regular intervals and

also advise as to the methods of sanitation to be employed, but more
often they do not visit the camp unless they receive special calls.

Treatment by Contract With Local Physicians.

Many camps in which State prisoners are employed, enter into

monthly contracts with local physicians by which the latter agree to

furnish whatever medical and surgical treatment may be necessary.

The contract prices range from $25 to $50 per month and in some
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cases the price is set at $1 per month, per man. In rare instances

contract physicians visit the camps in their charge once every day,

but more often they come only when called and in many camps the

calls do not average more than three or four a month.

Treatment by Local Physicians Paid by the State.

At some camps it is deemed expedient to employ local physicians

at a fixed price for each visit they are called upon to make. The price

ranges from $2 to $5 a visit, depending upon the distance to be

traveled. This is an economical arrangement when the sick rate is

low and when serious injuries are few.

FACILITIES FOR THE CARE OF SICK AND INJURED AT THE CAMP.

It is not intended that prisoners with infectious diseases or other-

wise seriously sick or injured shall remain at the camp. Such men
are transferred immediately to prison, county, or State farm hospitals

as soon as they have been seen by a physician. Only two camps were

provided with rooms for the isolation of prisoners who were sick.

But at one other camp any man who reported himself sick was kept

apart from the other prisoners and fed on a short ration as a matter

of pohcy. The superintendent believed that fewer men complained

of being ill and that recovery was more rapid when this method was
employed.

One of the New York honor camps, with a population of about 60

men from Sing Sing prison, was provided with a two-room hospital.

One room was fitted out as a sort of out-patient department where
medicines were stored and dispensed and where the records were kept,

and an adjoining room contained two beds and was useful both as an

examination room and for isolating sick cases.

Prisoners who are not sick enough to be removed from the camp
remain m their bunks in the general sleeping quarters, and in cases

where bunks of double width are provided, the sick man is obliged to

share the space with his partner. In the camps where the sleeping

men are so close to one another as to be in actual contact any disease

of an infectious character may be conveyed readily from one to

another.

Many camps are weU equipped with first-aid outfits and a few

simple remedies, and some person at the camp, either the superin-

tendent or foreman or one of the prisoners, frequently has had
enough experience to enable him to render first aid to the injured and
to administer medicine. In some States camp superintendents receive

a short course of training in first-aid requirements from the prison

physicians. In other States no medical or surgical supplies are

furnished and those in charge of the camps purchase medicine and
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bandages at their own expense so that they ma}^ be able to give some
rehef before the arrival of a doctor.

While serious accidents occur only rarely, it would appear never-

theless that every camp outfit ought to be prepared to meet any

emergency. At one of the camps visited it was recorded that a con-

vict had received a compound fracture of the thigh from being struck

with a piece of flying rock and at another, one of the prisoners received

an injury which resulted in the loss of one hand. Both of these cases

were cared for successfully at the camps until the services of a phy-

sician could be secured. Practically all of the camps were pro-

vided with telephones and were so located that medical aid could be

procured within a reasonable time.

discussion and recommendations.

Benefits Derived from Outdoor Work.

Camp life and out-of-door work without doubt are far more health-

ful and beneficial than life behind prison walls and are sought eagerly

by prisoners. The best results are being accomphshed at those

camps where the men are not selected for the sole purpose of con-

structing a road, but where the first consideration is the good which

may be derived by the men themselves. Prisoners who have proved

themselves worthy of trust are among those upon whom it would

appear especially fitting to bestow the benefits and advantages of out-

door hfe and exercise.

While it is a fact that diseased men should not be sent to the

camp, it is true also that certain of the less robust individuals can

be developed and benefited greatly by the opportunities which the

camps afford. It is very possible that mental and physical break-

downs often could be avoided in such a way as this, and it would
appear a small matter, indeed, if the number of days lost on account

of minor ailments should remain somewhat above the average for

the first few weeks if the men themselves eventually were benefited

and strengthened. At camps where the welfare of the men is borne

in mind, there is no disposition on the part of the officers to require

more than they can reasonably do, and the attitude of both keepers

and men is that of a "square deal" aU around.

Physical Examinations.

The importance of thorough physical examinations by competent

physicians scarcely can be overestimated. It is only in this way
that men suffering from infectious diseases can be prevented from

entering the camp and becoming a menace to the health of the entire

force. Those suffering from heart disease, Bright's disease, hernia,

and similar afflictions may also be detected, thereby protecting the

individuals from possible serious injury and saving the camp much
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needless trouble and expense. The physical examination should be

conducted as shortly before sending the man to camp as practicable.

Cooks and others having to do with preparation of food should

receive a special laboratory examination to insure that they are not

typhoid carriers.

Vaccination and antityphoid inoculation would be valuable pre-

ventive measures to apply to every prisoner before he is sent to the

camp.
Isolation of the Sick.

Nearly every camp has some room or small tent which could

be used for the isolation of those who are sick. It happens fre-

quently that a prisoner is ailing and unable to work for several

days before it is thought necessary to call a doctor. Certain diseases

are communicable several days before their true nature is recog-

nizable, and therefore a systematic isolation of all cases of illness

might, at times, result in the prevention of a widespread epidemic.

A great deal of time lost through epidemics of coughs, colds, and

grippe may be avoided if the first cases are properly isolated.

Isolation is said to be a powerful weapon against pretended illness

and is worthy of consideration from this point of view.

Where the prisoners sleep in close proximity, a distance of 2 feet

between the faces certainly is the least that can be demanded and

this requires that the sides of the beds shall be at least 2 feet apart.

Medical and Surgical Supplies Desirable for a Camp.

A first-aid outfit and a medicine chest consisting of the following

articles should be on hand in every camp:

First-Aid Requirements.

One 2-ounce bottle of aromatic spirits of ammonia (to be renewed every three

months).

One 2-ounce bottle of 4 per cent aqueous boric-acid solution.

One 2-ounce bottle of 3 per cent alcoholic iodine.

Two 3-ounce tubes of 3 per cent bicarbonate of soda in petrolatum.

One 2-ounce bottle of Jamaica ginger.

One 1-ounce jar of green soap (to cleanse hands).

One half-pint bottle grain alcohol.

One 3-inch Vjy 10-yards roll of gauze bandage.

One 2-inch by lO-yards roll of gauze bandage.

Two I-inch by 10-yards rolls of gauze bandage.

One roll of absorbent cotton (1.5 ounces).

One 4-inch by o-yards spool of adhesive plaster.

Six yards of 24-inch Canton flannel to make triangular slings.

Six paraffin envelopes, each containing by 30 inch sterilized-gauze dressings for

wounds, bums, etc.

Two splints 30 inches by -^ inch, white wood, and one wire-gauze splint about

30 by 4 inches, for fractures. Never put on a splint over a bandage. Put the band-

age over the splint, being extremely careful not to make it very tight.
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One medicine glass.

One dozen drinking cups (paper), to be used once only.

One eyecup.

One teaspoon.

Two medicine droppers.

One nailbrush.

One 12-incli basin, enameled, or nonrustable material.

One pair 4J-inch scissors.

One pair siu-gical scissors.

Four 6-incli baemostats.

Two scalpels.

One probe.

One smooth-dressing forceps.

Two soft-rubber catheters, No. 20 F (1 year). ,

Twelve large safety pins.

Three tubes sterilized catgut sutm-es, assorted sizes.

One dozen surgical needles, assorted.

MEDICINAL REQUIREMENTS.

Sixteen ounces castor oil.

Sixteen ounces Epsom salts.

One hundred -|-grain tablets calomel and soda.

Five hundred compound cathartic pills.

One hundred 5-grain tablets quinine sulphate.

One hundred 5-grain tablets aspirin.

One hundred 5-grain tablets bismuth subcarbonate.

Eight ounces bicarbonate of soda.

Five hundred tablets Brown's mixture.

Eight ounces potassium iodide solution, 10 grains to the teaspoonful.

Sixteen ounces chloroform liniment.

Eight ounces boric ointment, U. S. P.

Eight ounces sulphur ointment, U. S. P.

Eight ounces mercurial ointment, U. S. P.

One hot-water bag.

How TO Check Bleeding.

When an injury to a blood vessel has occurred and a doctor is not

within immediate reach, the bleeding must, of course, be controlled.

When the bleeding is from an arm or a leg and some distance from
the body, a bandage or clean handkerchief should be wrapped around

the limb between the place of injury and the body and drawn tight

enough to stop the bleeding. The Spanish windlass is made by
knotting the handkerchief around the limb loosely, passing a stick

through the slack part, and taking up the slack by twisting the stick.

To prevent untwisting, the stick then is bound to the limb with one

or two other handkerchiefs or bandages. A small, round stone, a

cork, or similar object placed in the folds of the handkerchief directly

over the blood vessel will assist. Barely sufficient pressure to stop

the bleeding should be exerted. The windlass should be loosened

every twenty minutes to give the life blood a chance to flow through

the part as there is great danger of gangrene (mortification) if the

blood is shut off entirely for a longer period.
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PERSONAL CLEANLINESS.

When a number of persons are thrown constantly into contact

with one another, as they are in camp Hfe, personal cleanliness and

good sanitary habits are especially necessary for the preservation of

health.
BATHING.

A weekly or semi-weekly bath is insisted upon at practically all

camps, and is not infrequently considered by the prisoners the

greatest hardship which has to be endured. In a few cases the

prisoners are not required to bathe at stated intervals, but are allowed

to foUow their own inclinations in this respect. This arrangement

is unsatisfactory and often results in scuffles among the prisoners,

accompanied by more or less ill feehng, because of the forcible bathing

by his comrades of some prisoner who has become obnoxious through

personal neglect.

Many camps are provided with shower baths, some of which are

supphed with hot and cold water. The heating systems are attached

to the kitchen range at the smaller camps, and to specially con-

structed hot-water heaters at some of the larger camps. When such

facihties are provided the men are encouraged to bathe daily, but are

required to bathe once or twice a week. Certain large camps in the

South are equipped with excellent shower-bath systems and require

that daily baths be taken by all the convicts. Individual towels and
an abundance of soap are furnished. Other camps, while not insist-

ing upon the daily bath, require each man to bathe his feet before

going to bed, an excellent rule to be estabhshed.

The shower bath is especially well adapted for the use of convict

camps. A simple and easily handled apparatus wiU suffice, and but
little water and time are necessary for the bath. The transmission

of disease which may occur with the ase of a tub is impossible with
the shower bath, and the tonic effect of the cold water is of great bene-

fit. The popularity of the shower baths was much greater at those

camps where the water was heated, but whenever warm water is

used it always should be followed by water as cold as can be borne,

and it is well that the men should become accustomed gradually to

cold water, at least in the summer. It should be remembered, how-
ever, that the shock of a cold bath is severe and that it is dangerous
for men who have heart trouble or diseased blood vessels.

At camps where shower baths are not provided, water for bathing
purposes is usually heated in large iron kettles suspended over wood
fires out of doors. The heated water then is transferred to wooden
wash tubs or galvanizod-iron pails and carried to the nearest place
wliich affords protection. At other camps the water is heated on the
kitchen stoves or in metul waslitubs placed on open fires.
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When tubs or pails are used for bathing purposes it is absolutely-

necessary that they be scalded out with boUiiig hot water after every

individual bath, in order to avoid the danger of transmitting disease

from one person to another.

At one camp a novel method of washing the convicts was in use.

Immediately after returning from work the men removed their cloth-

ing, formed in line, and the superintendent sprayed them with a hose

placed in a tub of water and worked by a hand pump. After the jfirst

wetting they were given time to soap themselves, following which the

superintendent rinsed them.

Prisoners often are permitted and encouraged to bathe in near-by

rivers and ponds in the summer, and this is a privilege which is

thoroughly enjoyed. Camp officials should inform themselves as to

the condition of the water, however, and men should not be per-

mitted to bathe in dirty water polluted with filth. The best time

for bathing is about two hours after a meal. Prisoners should not

be permitted to enter the water too soon after eating, when perspiring

very much, or when chilled.

Facilities foe Washing Face and Hands.

Prisoners at all camps are compelled to wash their faces and hands

before meals. Tin washbasins usually are provided, and roughly-

constructed washstands are placed at convenient points about the

camp. Water for washing purposes is stored near by in barrels or

buckets, and soap and individual towels are fiunished. At some
camps an ejffort is made to provide individual washbasins, but it is

doubtful if this is ever strictly carried out. When cases of syphilis

and skin diseases are present in camp, the danger of infection is con-

siderable. Each man should be required to cleanse the basin thor-

oughly before and after using it.

The washing of the hands after visiting the toilet is one of the most
important duties to be performed. It has been absolutely proved

that many persons who show no signs of sickness carry the germs of

various infectious diseases in their intestinal canals, and the con-

tamination of fingers with those germs is always possible while visiting

the toilet, especially by men of unclean habits. Infection then may
be carried to the bunk house, mess room, or kitchen. Washing the

hands therefore should be insisted upon, and the necessary conven-

iences should be provided.

Cake op the Clothing.

At practically all camps personal clothing is washed either once or

twice a week. It is a common custom to detail one or two men to do

the laundry work and to give them no other task until the week's

wash is completed. As a rule, one or two days are sufficient for this
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purpose, but at the large camps a longer time is necessary. After

being laundered, the clothing is sorted and placed in pigeonholes or

on shelves until given out again at the end of the week. Necessary

clothing repairs are made by the laundrymen. At a few camps there

are no definite rules in regard to washing the clothes, and each man
does his own wash in his leisure time. In such cases Sunday morning

usually is chosen for laundry work, but there is no assurance that all

the men are desirous of keeping their clothing decently clean.

The better camps provide laundry sheds or tents equipped with

clothes-washing machines, scrubbing boards, wringers, and other

paraphernalia. Water is heated in iron heaters made especially for

the purpose and consisting of a firebox and large iron caldron. Boil-

ing water is drawn from the heaters into metal tubs, in which the

clothes are washed with soap. Lines are strung in the sim for the pur-

pose of drying the clothes. In other cases the laundry rooms are

provided with coojsstoves, on which water is heated in wash boilers

or metal tubs.

At one camp a ditch was dug from a rapidly-flowing mountain

stream to the laundry tent, and then led back to the stream at a

point lower down. By this means a plentiful supply of running

water was obtained easily.

At some camps a large iron kettle is suspended over a fire out of

doors for heating the water for laundry and bathing purposes, or

metal washtubs may be placed directly over the open fires and the

clothing boiled out in that way. In such cases the laundry work is

all done out of doors, without overhead protection.

In the process of laundering, the clothing should first be soaked in

cold or tepid water. This removes a certain amount of the dirt and

filth which would not come out so easily if heated first, and the

water becomes laden with germs from the skin and body which may
be very dangerous. It is important, therefore, that this water should

be disposed of in such a way that it will not pollute the soil or the

water supply of the camp.^ After the preliminary soaking the clothing

should be boiled with soap, and then rinsed in pure water until clean.

Boiling destroys any germs which may be in the clothing, but it does

not remove the bad-smelling substances absorbed from the skin.

Rinsing in a sufficient amount of pure water (preferably running

water) will accomplish this and at the same time remove the soap,

which might prove irritating to the skin if allowed to remain. Prop-

erly laundered clothing should have no other than a clean, sweet

smell.

Convicts entering a camp from the jails are sometimes in a filthy

condition and loaded with vermin. In order to guard against the

introduction of disease germs and vermin, every new man who is

I See Disijosal of Wastes, p. 104,
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sent to a camp should be bathed and provided with clean clothing

before being allowed to enter the quarters, and his old clothing should

be thrown immediately into boiling water and thoroughly washed

out.

Night Clothes and Bedding.

Night clothes are furnished at a few camps, and these, with rare

exceptions, are in the South. At a great majority of the convict

camps the prisoners remove their outer clothing consisting of shirt,

pants, shoes, and socks and sleep in their underclothes which they

have worn while at work during the day. This clothing, wet with

perspiration and soiled with the excretions of the skin, often remains

in contact with the body for a week at a time, a condition not con-

ducive to cleanliness or health.

Sheets are furnished at some of the southern camps, but are sel-

•dom fomid elsewhere. Thus the underclothing worn at hard manual
labor throughout the day comes into direct contact with the blan-

kets. In many camps the blankets never are washed, even when a

change of ownership occurs. They become indescribably fUthy and

constitute a very dangerous means by which infectious matter may
be conveyed from one man to another.

Mattresses stuffed with cotton, moss, hay, or straw are in common
use and seldom receive attention until they are worn out. At cer-

tain camps, however, mattress covers are washed and refUled with

fresh hay or straw at intervals varying from one to six months.

Pillows filled with hen feathers or moss are almost always fur-

nished, and are provided with slips which are washed each week.

At some camps all bedding is hung out of doors in the sunlight

for several hours one day each week and may also be beaten, but at

other camps the care of the bedding is left to the men themselves,

with the result that it receives no attention at all.

PROPER CARE OF NIGHT CLOTHES AND BEDDING.

No camp can be considered as showing proper regard for the prin-

ciples of cleanliness and health unless nightshirts and sheets are

provided and their use is insisted upon. They should be washed

once a week. A certain number of the southern camps have put

this plan into operation, and are well satisfied with the results.

All bedding should be taken out of doors and shaken, sunned, and

aired for several hours once or twice a week. The purifying action

of the sun is of- great value in keeping bedding in good condition.

Blankets may be prevented from becoming foul by the use of sheets,

but should be laundered at least twice a year, and whenever a change

of ownership occurs. Every man who enters a camp should be

given fresh, clean blankets.
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Iron bunks are much better than wooden bunks. They can be

kept free from vermin easily, and are more comfortable and durable.

When bmiks with straw bedding are used, the straw or hay should

be changed at least once a week.

QUARTERS AND STRUCTURES.

The quarters and structures in use in convict camps in the United

States are of the following types: (1) Frame structures built for

relatively permanent occupation; (2) cheap shacks with tar-paper

roofing or covered on all sides with tar paper; (3) structures with

galvanized metal roofs and canvas sides; (4) shacks with wooden
sides and canvas roofs; (5) abandoned cabins or farm houses; (6)

buildings of the portable or "knock-down" variety; (7) canvas tents;

(8) wooden or steel cars or cages mounted on wheels.

Each of these types may serve to good purpose when used in

connection with the conditions to which they are fitted and when
represented by structures of good design; but, as frequently happens,

they also may be used inappropriately in an environment to which

they do not belong, and in such cases, even though the structures

themselves are of good design, their use may result in inadequacy

or lack of economy.

In any case, the choice of type will be influenced by a number
of conditions, such as the following:

{a) The normal range of temperature of the locality. Thus,

though the generally warm or mild temperatures of the extreme

southern sections of the country will permit of the use of tents or

even of shelters with open sides, the cold winters of the Northern

States demand tightly constructed buildings.

(Jb) The rainfall and humidity of the section. In a section of

heavy precipitation, such as the coastal regions of the States of Oregon

and Washington, only buildings of the closed-in, tightly constructed

types should be used, and these should be raised above the ground

in order to escape the evil effects of the excessive moisture. Canvas

t€uts would be out of place under such conditions not only because

of the small protection they afford but because they would deteriorate

very rapidly in such a climate. On the other hand, in the arid and

semiarid sections of Arizona, New Mexico, and neighboring States

tents make ideal quarters. Not only do they provide sufficient pro-

tection against weather but in the absence of moisture and heavy
winds they give excellent service for relatively long periods,

(c) The availability of building material. The inducement to use

wood in the construction of quarters in those sections of the country

which are heavily wooded, and where wood is accordingly cheap, may
be sufficient to outweigh a number of other important considera-

tions; but in the Central and Middle Western States the use of

53577"—Bull. 414—16 9
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wooden quarters probably would be avoided, at least for temporary

camps, on account of the scarcity of wood.

{d) The relative permanence of the camp on one site. A camp
which reasonably may be expected to remain in one place for four or

five years or longer may be treated as a permanent establishment

and a type of construction may and should be adopted which, for

more temporary quarters, would be too wasteful. Obviously, tents

are suitable only for what are termed ''flying camps" and would be

out of place in a permanent camp.

(e) As between the various types suitable to the purposes of a

temporary camp, the choice of a particular type will be affected by
a consideration of the frequency of the moves, the probable dis-

tances between successive camp sites, and the character of the roads

over which it will be necessary to move the camp equipment. When
moves are to be frequent, distances great, and roads bad, the lightness

of tent equipment might be expected to outweigh many other con-

siderations. Under more favorable road conditions considerations

of economy might recommend the use of cars or cages, though the

use of such equipment is to be avoided whenever possible on account

of the extremely unpleasant associations attending their use. Finally,

for camps of a somewhat less mobile character well-designed portable

houses of metal or wood will serve admirably.

(/) Lastly, an important consideration is the character of the

inmates to be housed, with respect to their relative trustworthiness,

race, crimes, and sentences, it being obvious that a more secure type

of building is necessary for the confinement of the desperate and
unreconciled than for ''honor" men and "trusties."

After the most convenient type of building has been selected in

view of the foregoing considerations, attention should be given to

see that the structures selected or designed embody certain essential

properties which should be common to buildings of all types.

First of these is economy. But giving this property the first con-

sideration does not mean that it should be achieved at the expense

of all the other properties essential to a good structure, but, rather,

that it should be considered in providing for the other properties, all

of which may be attained in either an extravagant or an economical

manner. In general, it may be stated that the interests of true

economy are best served by those forms of structures which embody
all the properties essential to their purpose, including longest service

for least cost, which is obviously not equivalent to mere cheapness

of first cost. For example, a well-designed portable building would
undoubtedly be found more economical for a temporary camp than
many of the cheap shacks which are used for that purpose, for, though
the latter are less expensive at first, their frequent tearing down and
rebuilding, accompanied by a necessary loss of material, make them
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Fig. 1.—Neat and Attractive Mess Shelter.
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FiQ. 2.— Poorly Arranged and Uninviting Mess Shelter.
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OPRREI2063

Fig. 1.—Screened Mess Tent.

OPRRE2347

Fig. 2.—Convict Cars Joined to Make One Building.
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Fig. 1 .—Type of All-Steel Cage.
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Fig. 2.—Type of Wooden Cages.
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Fig. 2.—Portable Buildings.
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Fig. 2.—Permanent Frame Quarters of Good Design.
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more costly in the long run. In fact, it is often found less costly to

abandon these shacks completely.

Bearing in mind, then, what has been said about economy, the sec-

ond essential property of a good camp structure is that it shall pre-

sent a neat and well-kept appearance and that the peculiar nature

of its use as a place of confinement for criminals should not be

obtrusively apparent. As illustrative of the effect of this attention

to appearance, it will be well for the reader to compare the views of

the two mess shelters shown on Plate VII. In all structural essen-

tials the two shelters are exactly similar, both consisting of a simple

center table with continuous benches on each side, the whole covered

by a canvas ''fly" or roof. The more pleasing appearance of the

one is attained at the expense of a single coat of whitewash, the cheap-

est of paints.

The third essential property of all structures is that they should be

so planned as best to serve the convenience of their occupants.

Thus, in the first of the two photographs discussed in connection

with the preceding paragraph it will appear that the benches along

each side are attached to the side posts, being separated from the

table by a distance of several feet, a most inconvenient arrangement

which prevents the proper use of the table. How readily this con-

dition might have been improved at no greater cost is demonstrated

by the second photograph. This is typical of the numerous simple

expedients which may be adopted to promote the convenience of

quarters of all sorts. Others, such as the proper placing of toilets

and baths with reference to sleeping quarters, of the commissary or

storeroom with reference to the kitchen and dining room, the pro-

vision for hanging clothing in the sleeping quarters, need only to be

mentioned to be appreciated.

As a fourth common property, aU camp structures should be planned

with reasonable consideration for the physical comfort of the inmates.

Structures designed for use in warm cUmates should be so arranged

that they may be thrown open to admit an abundance of fresh out-

side air, and, on the other hand, buildings to be used during ex-

tremely cold weather should have double-sheeted walls and double

floors so that they may be adequately heated.

That their arrangement should prevent, as far as possible, the

accumulation of filth, and should permit easy cleaning is another

property which structures of all types should have in common.
Re-entrant angles, cracks, crevices, holes, and other places of lodg-

ment for dust and vermin should be avoided, and when this is not

possible they should be made readily accessible for the purpose of

cleaning. Furthermore, it is a good plan to paint aU interior wooden
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surfaces in such, way as to proclaim rather than conceal the presence

of dirt.

Proper observance of the rules of ventilation and screening, given

elsewhere, should be another common property of all structures for

camp use. Attention to these features is a great aid toward assuring

the health of the inmates.

A measure of security commensurate with the requirements of the

particular grades of convicts which they are designed to house should

also be provided by aU convict-camp structures. Buildings designed

for the quartering of "honor convicts'' may be relatively insecure,

but the lower or more desperate characters must be held by the vari-

ous means of bars and locks, chams and stockades.

Finally, it is frequently desirable, in camps of variable population,

to design the structures so as to allow ready reductions or increases

in capacity.

Fig. 7—Wall tent.

The foregoing are the principal properties which should be reahzed

in aU types of camp buildings. In order to indicate how these prop-

erties may be embodied in such structures, the various types are

hereafter discussed in detail, with plans, specifications, costs, and

other available data given for a number of structures.

TENTS.

The form of tent used most extensively in connection with convict

camps in the United States is the "wall tent" shown in figure 7.

Such tents are supphed by the trade in various weights of cotton

duck, designated according to the weight per yard, as 6^, 8, 10, and

12 oujice duck, the last-named weight being the heaviest goods in

common use. Lightweight twills, measuring 30 inches in breadth

and weighing from 6^ to 8 ounces per yard, are the materials usually

employed in the construction of the largest sized tops, while 8, 10,

and 12 ounce ducks are used in the smaller sizes.

The door openings usually consist of flaps placed in the ends of the

tent, though special side-opening tents also are obtainable. The
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ventilator and stovepipe opening is another very desirable one,

always provided in Goveniment tents. This opening usually is

placed directly below the ridge at the left of the entrance. It meas-

ures 6 inches in breath and 8 inches in length, and is covered by a

lapel secured on the inner side.

Tents may be screened effectively by hangings of five-mesh Enghsh

bobbinet around the sides and over aU openings, or by means of gal-

vanized-wire screen sections inserted as indicated in Plate VIII,

figure 1.

For winter use tents should be floored at least 12 inches above the

ground.

Tables 14 and 15 show the common sizes of wall tents, their dimen-

sions and approximate costs when made of the various grades of

material, and also the maximum permissible number of occupants

for each size. The prices given are hst prices for 1915, include poles

and stakes, and are subject to a discount of from 35 to 50 per cent.

Table 16 shows the dimensions of a number of sizes of stable tents

and gives the prices of each of the sizes made of the various grades

of duck. The prices are approximate hst prices of 1915, and are

subject to from 35 to 50 per cent discount, but they are for complete

tents, including tops, sides, and aU necessary poles and stakes. For

the top, poles, and stakes, but without sides the hst prices run from

65 to 75 per cent of those given in the table.

Table 14.

—

Wall tents, not roped.

List prices as of 1915 subject to from 35 to 50 per cent discount.
Maxi-
mum

Size.
Height
of ridge.

Height
ofwall.

8-ounce 10-ounce 10-ounce 12-ounce 12-ounce 15-ounce
number
of occu-

duck, duck, duck, duck, army army pants
single single double double duck duck per-
filling. filling. fllUng. filling. or No. 10. or No. 8. mitted.

Feet. Feet. Feet.

7 by 7 7 3 88.00 ?9. 35 $10. 35 $12. 25 $14. ,55 $17. 50 1

7 by 9 7 3 9.50 11.05 12.30 14.60 17.40 20.90 2
8 by 8 7 3 9.36 10. 91 12.13 . 14.37 17.12 20.57 2
9 by 9 'i 3 10. 9.5 12.80 14.30 17.00 20. 30 24.50 2

9J by 12 7i 3 12.90 15. 05 16.80 19.95 23.80 28.70 4
9f, by 14 7J 3 14. 65 17. 10 19.10 22.65 27.05 32.55 4
12 by 12 8 3J 15. 30 17. 95 20.00 23.75 28.40 34.25 4

12 by 14 8 3J 17.30 20.20 22.55 26.80 32.05 38.60 6
12 by 16 8 3J 19.20 22. 45 25.05 29. 80 35. 65 43. 00 6
12 by IS X 3i 21. 35 24. 95 27.80 33. 00 39.45 47.50 8
14 by 14 9 4 20. 60 24. 15 20.95 32.10 38.45 46.45
14 by 10 9 4 22.70 26. 65 29. 80 35. 50 42. 55 51. 35 8
14 by IH 9 4 25.35 2!^75 33.20 39. 45 47. 30 57.10 10
14 by 20 9 4 28.20 32. 75 36.40 43. 00 51. 15 61.40 10
14 by 24 9 4 31. 80 36. 90 41.00 48.10 57.25 68.75 12
10 by 10 10 5 28.20 33.20 37. 15 44.10 53. 05 64.25 10
10 by IH 10 5 30. 95 36. 40 40. 75 48. 25 58. 00 70.20 12
16 by 20 10 5 34. 10 39.80 44.30 52. 15 02. 30 75.00 14

10 by 21 10 5 38. 85 45. 20 50. 25 59. 05 70. 40 84.65 16
10 by -M 10 5 47. fJO 54.75 60.85 71. 50 85. 30 102. 60 22
10 by :'., 10 5 52.60 61. 30 68.10 80. 20 95. 60 114.95 26
IH by IX 11 .5 .35. 40 41.00 46. 45 55. 20 66.20 79.95 14
18 by 'M 11 5 39. (H) 45. 45 50.50 59. 70 71.10 85. 45 14

18 by 24 11 5 43. (W 50.8.5 56.60 60. 50 79. 25 95.25 18
IS by 30 11 6 62.25 60.90 67.75 79. 95 95. 35 114.65 22
18 by 35 11 5 68.15 67.80 76.40 89.06 10(i.25 127. 75 26
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Table 15.

—

Wall tents, roped.

Size.
Height
of ridge.

Height
of wall.

List prices as of 1915, subject to from 35 to 50 per cent discount. Maxi-
mum

number
of occu-
pants
per-

mitted.

8-OTmce
duck,
single
filling.

10-ounce
duck,
single
filling.

10-ounee
duck,
double
filling.

12-oimce
duck,
double
filling.

12-ounce
army
duck

or No. 10.

15-ounce
army
duck

or No. 8.

Feet.

21 by 30
21 by 35
21 by 40
21 by 49
24 by 28
24 by 35
24 by 42
24 by 51
24 by 60
24 by 65
30 by 37
30 by 42
30 by 47
30 by 51
30 by 56
30 by 60
30 by 65
30 by 70

Feet.
12
12
12
12

13

13

13

13

13

13

15

15
15
15

15
15

15
15

Feet.

5

5
5

5

6
6

6
6
6

I
6
6

6

6

6
6
6

889. 00
104. 50
115. 00
136. 00
105. 50
125. 00
144. 50
169. 50
195. 00
207. 50
160. 00
175. 00
189. 50
204. 00
219. 00
233. 50
248. 50
263. 00

SlOl. 00
118. 50
130. 50
154.50
120.00
142. 00
164.00
192. 50
221.50
236.00
182.00
199.00
215. 50
232.00
249. 00
265. 50
282. 50
299. 00

$113. 00
132. 50
146.00
173.00
134. .50

159.00
183.50
215. 50
248.00
264. 50
204. 00
223. 00
241. 50
260. 00
279.00
297. 50
316. 50
335.00

8127. 50
149. 50
164.50
194. 50
151.00
179.00
206.50
242. 50
279.00
297.50
229. 50
250. 50
271. 50
292. 50
313. 50
334. 50
356.00
376. 50

S141.50
166.00
182. 50
216. 50
168.00
199.00
229. 50
269. 50
310.00
330. 50
255.00
278. 50
301. 50
325.00
348. 50
371. 50
395. 50
418. 50

S173. 50
204.00
224. 50
265. 50
206. 50
244.00
282.00
331.00
381.00
406.00
313.00
342. 50
370. 50
399.00
428. 50
456. 50
486.00
514.50

24
28
36
44
28
38
48
58
68
70
48
58
60
70
72
82
84
94

Table No. 1Q.—Stable tents.

10-ounce 12-ounce
double double 12-ounce 15-ounce

Size.
Height Height filling or filling or army or army or
of wall. of pole. 8-ounce 10-ounce No. 10 No. 8

army army duck. duck.
duck. duck.

Feet. Feet. Feet.

24 by 21 5 12 S104. 00 S117. 00 S130.00 S160.00
24 by 33 5 12 142. 00 160. 00 178.00 218. 50
24bv42 5 12 173.00 194. 50 216. 50 265. 50
24 by 60 5 12 234.50 264.00 293.50 360. 50
24 by 72 5 12 273.00 307. 50 341. 50 419. ,50

26 by 21 5 12* 111. 50 125.50 139. 50 171.00
26 bv 33 5 12i 152.00 170. 50 189. 50 233.00
26 by 42 5 12J 184.00 207.50 230. 50 283.00
26 by 51 5 12i 216.00 243.00 270. 00 332.00
26 by 60 5 124 248. 50 279. 50 311.00 382.00
26 by 72 5 12J- 289.00 325.00 361. 00 444.00
26 by 82 12J 321.00 361. 00 401. 00 493.00
26 bY 91 5 124 333. 50 397.50 441.50 542.50
28 by 24 5 13 128.25 144.25 160.25 197.00
28bv35 5 13 170.75 192.25 213. 50 262. 25
28 by 42 13 196. 50 221.25 245. 75 302.00
28 bv ,51 13 230. 25 259. 00 287. 75 353. 50
28 by 00 13 265.00 298.00 331.00 406. 75
28 by 72 o 13 307. 50 346.00 384.50 472.00
28 bv 84 13 353. 00 397.00 441.00 542.00
28 bv 100 13 416. 50 469. 00 ,521. 00 640.00
30 by 24 5 14 1.39.00 156. 00 173. 50 213. 50
30 by 35 14 184.00 207. 50 230. .50 283.00
30 by 42 5 14 211.00 237. .50 264.00 324.00
30 by 60 5 14 2.83. 50 319.00 354.00 435. 00
.30 by 72 5 14 328. 00 369. 00 410. 00 504. 00
30 by 84 5 14 373. 00 419. 50 466. 00 573. 00
30 by 100 14 445.00 501. 00 556. 50 683. 50

The following are the United States Army specifications for duck

adopted April 27, 1915;
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Khaki, 12.4-ounce.

Material.—The yarn to be made of American cotton. The fabric woven in a work-

manlike manner and free from imperfections. To be thoroughly brushed to remove

motes or other foreign substances.

Threads.—To contain not less than 46 threads of 3-ply yarn to the inch of warp, and

not less than 32 threads of 4-ply yarn to the inch of filling.

Strength.—To sustain a tensile strength of not less than 116 pounds to the one-half

inch in the warp and not less than 90 pounds to the one-half inch of filling.

Width.—To be full 29J inches wide when finished, with a blue thread of 3-ply yarn

woven in the fabric 1 inch from each selvage.

Weight.—^To weigh not less than 12.4 ounces nor more than 13 ounces to the linear

yard.

Color.—To be a khaki shade as represented by the sealed standard sample and may
be dyed in the raw stock, yarn, or piece. Bleaching, half bleaching, or scouring

before dyeing is not permitted. To be evenly and regularly dyed and to be sub-

jected to the following official tests for ascertaining permancy of color:

1. Boiling for 10 minutes in a solution of soap (80 grains of olein soap, army issue,

to 1 pint of water)

.

2. Boiling 10 minutes in a solution of soda (10 grains of bicarbonate of soda to 1

pint of water).

3. Whenever deemed necessary by the contracting officer the duck will be sub-

jected to exposiire to sunlight, air, and moisture for a period of 30 days.

Khaki, 8-ounce.

Material.—The yarn to be made of American cotton. The fabric woven in a work-

manlike manner, free from imperfections. To be thoroughly brushed to remove

motes or other foreign substances.

Threads.—To contain not less than 54 threads of 2-ply yarn to the inch of warp,

and not less than 34 threads of 2-ply yarn to the inch of filling.

Strength.—To sustain a tensile strength of not less than 75 pounds to the one-half

inch in the warp and not less than 50 pounds to the one-half inch in the filling.

Width.—To be full 28J inches wide when finished, with a blue thread of 3-ply yarn

woven in the fabric 1 inch from each selvage.

Weight.—To weigh not less than 8 ounces nor more than 8J ounces to the linear

yard.

Color.—To be a khaki shade as represented by the sealed standard sample and may
be dyed in the raw stock, yarn, or piece. Bleaching, half bleaching, or scouring

Vjefore dyeing is not permitted. To be evenly and regularly dyed and to be subjected

to the following official tests for ascertaining permanency of color:

1. Boiling for 10 minutes in a solution of soap (80 grains of olein soap, army issue,

to 1 pint of water.

2. Boiling 10 minutes in a solution of soda (10 grains of bicarbonate of soda to 1

pint of water).

3. Whenever deemed necessary by the contracting officer, the duck will be sub-

jected to exposure to sunlight, air, and moisture for a period of 30 days.

The life of tents depends so greatly upon climatic conditions that

no general estimate can be made here. Experience indicates that

the period of satisfactory service will vary from six months to three

years. In humid regions and in sections of j^revailing high winds

little more than the lower limit of usefulness can be expected: but in

relatively dry climates and where high winds are infrequent the life
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of canvas may be even greater than the three-year period mentioned.

Tents which are improperly cared for frequently deteriorate rapidly

from mildew. This usually is the result of rolling and storing the

canvas while wet, and the best means of preventing it is to dry the

tentage thoroughly before storing. A number of processes have been

devised for mildew-proofing, but none has given entire satisfaction.

The process in most general use consists of immersing the duck for a

suitable period in a solution of aliun and sugar of lead, the propor-

tions being 4 pounds of each ingredient to one barrel of water. Other

recipes for this purpose follow

:

1. Dissolve 1 pound of zmc sulphate in 40 gallons of water; add
1 pound of washing soda, and when this is dissolved add 2 ounces of

tartaric acid. Soak the material 24 hours and allow it to dry without

wringing.

2. Dissolve 2 pounds of alum in 7 gallons of hot water. Dissolve 1

pound of gelatin in 4 gallons of hot water. Mix these two solutions,

then dissolve 2 pounds of blue vitriol in 1 gallon of hot water and add
the solution to the mixture of the first two. Soak the duck in the

resulting mixture 24 hours and allow to dry without wringing.

CAGES AND CARS.

Movable convict quarters mounted on wheels, known as cages (or

lately, in response to a change in pubhc feehng, as cars), have long

been in common use in the United States, particularly in the South.

Formerly constructed entirely of wood, they now are also manufac-

tured wholly of steel by a nimaber of firms. In dimensions they are

usually 12 or 18 feet in net length and from 7 to 8 feet in width and
height.

The cost of a steel cage 18 by 8 by 8 feet is approximately $500,

which is at the rate of 43.4 cents per cubic foot of space provided.

By way of comparison, it may be stated that an excellent portable

building, similar to that described in a succeeding paragraph, can be

constructed at a cost of not more than 7 cents per cubic foot of space

provided below the eaves, entirely omitting from consideration the

additional space between the eaves and the ridge. Such a structure

should have a hfe of at least five years. If, therefore, omitting for

the present the consideration of the relative portability of the two

types of quarters, the cage is to equal the portable building in econ-

omy, it must have a Hfe approximately six times as long, or at least

30 years. It is not known precisely what life may be expected of

the cage, for the reason that steel cages have not been in use long

enough to provide any basis for an estimate; but it is not probable

that its Hfe will equal the 30-year period which is necessary to place

it on an economic parity with the portable building.



CONVICT LABOR FOR ROAD WORK. 135

From the standpoint of mobility the cage usually is regarded as

somewhat superior to the portable building, because in transporting

the latter there is involved the tearing down and reerecting processes

in addition to the actual transportation of the buildings, whereas

the cage mounted on wheels has only to be hauled from one location

to another and is always ready for occupancy. However, this ad-

vantage never is fully realized, owing to the fact that the great weight

of the cage, from 3 to 4 tons, makes it extremely difficult to transport

over bad roads. In one county in Alabama it required two days for

eight teams of mules to move a steel cage 12 miles over the muddy
roads. Though this is, perhaps, an extreme example, the same objec-

tion applies in lesser degree under better conditions.

Furthermore, the time in moving saved by the use of cages is unim-

portant except in those cases where the camp is moved very fre-

quently, which frequent moving implies the performance of very

light road work shown elsewhere to be generally uneconomical with

convicts. When the camp is maintained in one location for from

four to six months or longer, as is desirable, the interest and depre-

ciation on the running gear usually will be found practically to

absorb the value of the time saved in moving.

Thus, from the standpoint of economy alone, apart from the sani-

tary and sentimental objections, the cage is found to be unsatis-

factory.

The illustrations in Plate IX, figures 1 and 2, show types of wooden
cars and steel cages, and Plate VIII, figure 2, represents a somewhat
less objectionable type of wooden car. The latter is so arranged

that by removing the adjacent sides two or more cars can be joined

to form a single building as shown.

PORTABLE BUILDINGS.

For the purposes of temporary camps, probably the best type of

housing is the portable building. This type has been adopted in

many places with excellent success, and no doubt it will be brought

into wider use when its merits are more widely recognized. Properly

designed and constructed, buildings of this type have much the

same advantages as tents in point of mobility, and they have the

further merits of furnishing greater protection from weather and
greater security and longer life than tents; also, they furnish suffi-

cient security at lower cost and with less objectionable appearance

than cars or cages.

They may be constructed of wood or metal or of a combination of

the two materials. Those made entirely of metal have the advantage

of long life and of being fireproof and relatively vermin proof, but
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they are much more expensive than wooden structures, somewhat
heavier, inconvenient to replace in case of breakage and deteriora-

tion, hot in summer and cold in winter. When made principally

of wood they are less expensive, much cooler in summer, lighter and

easier to move and handle, but subject to damage or destruction by
fire, more difficult to keep clean and free from vermin, and with

shorter lives than metal buildings.

Whatever material be used in the construction, the following

desirable features should be embodied in the design:

(1) The sections of which the building is composed should be of

such size as to permit convenient hauling and erecting. They
should not be too large for transportation on an ordinary wagon bed,

and in weight they should not exceed approximately 200 pounds,

the maximum weight which can be handled successfully by two men
in erecting and tearing down.

(2) The sections should be so designed and the connections so made
as to secure the maximum of flexibility in the building and permit

ready reduction or increase in capacity to accommodate any number
of inmates.

(3) All parts and sections should be constructed by template or

pattern, in order that similar parts may be absolutely interchange-

able.

(4) All units should be so simple in design that they may be con-

structed by relatively inexperienced labor. Complicated joints,

irregular shapes, and difficult cuts should be avoided.

(5) All the parts should be so-called stock articles or easy to impro-

vise, in order that the cost may be reduced to a minimum and that

renewals may be made with the greatest ease.

Stock buildings of either metal or wood, embodying the above

desirable features, may be purchased from a number of manufac-

turers in various parts of the United States, or they may be very

readily constructed by the regular convict force under the leader-

ship and supervision of a good carpenter. The latter means probably

will appeal more strongly to prison officials, as the convict labor

usually is available for the work, and by employing it the buildings

can be constructed at a lower cost than they can be bought.

For the assistance of communities in which it is desired to erect

buildings of this character, the Office of Public Roads and Rural

Engineering is prepared to furnish upon application complete de-

tailed plans and specifications of the portable building shown in

Plate X, figure 1, the general plans of which are given in Plate XI.

In the preparation of these plans careful attention has been given

to all the featurres mentioned above as desirable. The sections are

designed for rapid erection of buildings 18 feet square, or, by pro-
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vision for tlie joining of several buildings, into buildings 18 by 36

feet, 18 by 54 feet, or larger. They are adaptable for either guarded

or honor camps and for all the pui'poses of such camps, as for con-

victs' sleeping quarters, mess halls, kitchens, storehouses, lavato-

ries, and baths, and for guards' and superintendents' quarters, or

office buildings. As sleeping quarters each 18 by 18 foot building

will accommodate a maximum of 16 persons, by the use of double-

decked metal cots arranged

along each side of the build-

ing with their length per-

pendicular to the walls,

which arrangement pro-

vides for an aisle of 4| feet

down the center. With
this maximum number of

inmates, the building pro-

vides approximately 20

square feet of floor space

and 200 cubic feet of air

space per inmate, which

allowance, in view of the

excellent means of venti-

lation provided, is entirely

adequate. Window spaces,

42 inches deep, closed by
solid wooden shutters and

glazed sashes, extend the

full length of all sides of

the building, with the ex-

ception of the space neces-

sary for doors, and byopen-
ing these windows in sum-
mer it is possible to keep
the air inside the buildings

down to the temperatiu'e

of the outer air. The shut-

ters and windows are hinged at the top and swing outward, and when
they are open they act as awnings for protection from the weather.
All doors and windows are provided with 16-mesh galvanized-wire

screens. Security can be provided in guarded camps by barring the

windows, by chaining the prisoners to their bunks, and by the in-

sertion of a cage vestibule inside one of the doors of the sleeping

quarters as a station for the armed night guard. Such a cage may be
constructed of No. 5 steel-wire scn»ening with a 2-inch mesh (lig. 8).

5steel wire
screen, 2"mesh

Fig. 8.—Cage vestiluile.
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The cost of these buildings complete, including painting, is approxi-

mately 6 cents per cubic foot. For all the purposes of a camp of 40

convicts 10 of the 18-foot units are required, as follows:

For sleeping quarters of convicts 3

For kitchen and mess ^ 3

For storehouse 1

For bathhouse 1

For office and superintendent's quarters 1

For quarters for foremen and guards 1

Total 10

With lumber at $20 per thousand, carpenters' labor at $2.50 per

day of 10 hours, foreman's wages at $4 per day of 10 hours, and prices

of hardware and miscellaneous supplies as in Fulton County, Ga., the

cost of the complete equipment of 10 sections will be approximately

$1,900, itemized as follows:

Lumber, 27,800 board feet, at $20 per M $556

Hardware '.
.

.

397

Sashes, screens, and roofing 284

Carpenter, blacksmith, and machinist labor 400

Paint and painters' labor 263

Total cost .- 1, 900

The cubic contents of the 10 buildings are 32,400 cubic feet. There-

fore the principal items of cost per cubic foot are:

Lumber $0. 017

Hardware 012

Sashes, screens, and roofing 009

Carpenter, blacksmith, and machinist labor 012

Paint and painters' labor 008

Total cost per cubic foot 058

It is estimated that the economic life of these buildings will be not

less than five years, and upon this basis, with interest at 6 per cent

per annum, it may be determined that their cost will not exceed 3.4

cents per convict per calendar day.

Complete plans and specifications for all-metal portable buildings

and for buildings with metallic frames and canvas roof and sides are

contained in a joint bulletin of the North Carolina State Board of

Health and State Highway Commission.^

1 Joint Bui. No. 57, N. C. State Board of Health and State Highway Com.: "The Sanitary and Hygienic

Care of Prisoners."
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STRUCTURES WITH GALVANIZED-METAL ROOF AND CANVAS SIDES.

Buildings of this general type are in common use in the convict

camps of Virginia. As shown in Plate XII, figures 1 and 2, they

consist simply of a V-crimped tin or corrugated galvanized-iron roof

laid on 1 by 10 inch purlins which rest on 2 by 6 inch rafters spaced

about 3 feet on centers and braced with 2 by 4 inch ties. The
rafters rest on 2 by 6 inch plates which are spiked to 6-inch rough

posts, which in turn are planted about 3 feet in the ground. The
gables usually are covered with metal of the same weight as that

used in the roof and the sides are protected with drop curtains of

10-ounce duck. The continuous wooden platforms, 6 feet 6 inches

wide, raised about 18 inches above the floor and extending along the

two sides of the building in the sleeping quarters, take the place of

separate bunks or cots. The pallets are laid on these platforms, side

by side, with usually no space between them. The mess building,

ofl&cers' quarters, and storehouses are similar in construction to the

quarters or "cell house," the mess building, however, usually being

unfioored.

The buildings in use in the Virginia camps are not fly-proof, and

the investigation indicates that the cracks and crevices in the sur-

face of the bunk platforms afford excellent lodging places for vermin

and filth. These faults may be remedied by inserting screens between

the 6-inch posts and by substituting separate metal cots for the

wooden bunk platforms. If double, instead of single, decked' cots be

used, a wider separation of the inmates wiU be possible in quarters

of the same size.

With these modifications, this general type of structure wiU be

satisfactory for use during the summer throughout the United States

and the year round in the extreme southern section. That it does

not provide adequate protection against the winter weather in Vir-

ginia is the testimony of camp ofiicials whose opinion was sought.

Buildings of this type may be considered relatively portable, and

the use of the metal roof makes them somewhat more durable than

tents, but they are neither so readily moved nor so durable as the

portable buildings previously discussed. To provide for all the

necessities of a camp of 40 men the foUoAving buildings of this type

would be necessary:

One building 20 by 70 feet for convicts' sleeping quarters and

clothes storage; one building 20 by 70 feet for dining room, kitchen,

and pantry or commissary; one building 20 by 40 feet for office and

ofificers' quarters" and a wall tent 16 by 20 feet to be used for bath-

ing purposes.
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The estimated itemized cost of this eqtdpment of structures is as

follows

:

Lumber, 14,000 board feet, at $18 per M $252

Roofing, 20-gauge galvanized iron, 2J-inch corrugations, 6,000 square feet, at

Hi cents 690

Ridge roll, bolts, nails, etc 20

Canvas ciu-tains, 10-ounce duck, 500 yards, 29 inches wide, at 27 cents per

yard 135

Screens, 3,360 square feet, at 8 cents 270

Labor 300

16 by 20 foot wall tent, 12-ounce army duck 45

Total 1, 712

Reducing this estimate to a cost per cubic foot, the costs of the

principal items are as foUows:

Lumber $0. 007

Roofing 019

Ridge roll, bolts, nails, etc 001

Canvas curtains 003

Screens 003

Labor 008

Tent 001

Total cost per cubic foot 042

While the above cost is only a httle more than two-thirds as great

as that of the portable buildings designed by the Office of Pubhc
Roads and Rural Engineering, it should be borne in mind that those

buildings are of a much higher type of construction and are suitable

for winter as well as summer use. Furthermore, the canvas used in

these buildings will have to be replaced every two years under

normal conditions, and the metal roofing also will depreciate much
more rapidly than any part of the portable buildings. For these

reasons, notwithstanding their lower initial cost and narrower field

of usefulness, it is beheved that buildings of this general type wiU

cost, in the long run, practically as much as the portable buildings

previously described.
SHACKS.

Shacks of rough lumber made weather tight with a covering of tar-

paper, similar to those used generally in free contracting camps, may
be economically used for temporary camp purposes in sections where

lumber is very cheap. Experience has shown that it does not pay
to attempt to move them with the camp, the cost of taking them
apart and the large proportion of lumber ruined being usually greater

than the cost of new lumber.

Structures of this kind can be built for from 2^ to 3 cents per cubic

foot.
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PERMANENT FRAME STRUCTURES.

Structures of tiiis type, similar to that shown in Plate X, figure 2,

are used in the concentration or central camps of a few of the south-

em counties. In design, they are similar to frame structures used

for other purposes, and hence they will be given no special treatment

in this bulletin.

MISCELLANEOUS DATA ON BUILDING MATERIALS.

Paint.

The sohd ingredient of paint is called the pigment; and the liquid

part, the vehicle. White lead and white zinc are the common white

pigments, and the vehicle usually is hnseed oil, with sometimes the

addition of a httle turpentine or other volatile solvent.

These are compounds of lead and manganese dissolved in oil, and
this solution thinned with turpentine or benzine. They act as car-

riers of oxygen from the air to the oil, and their addition to a paint

makes it diy more rapidly. Not more than 10 per cent by volume
of a drier should be added to oil.

PREMING COAT.

This is the first coat applied to the clean surface. The priming coat

for wood usually is made by thinning a gallon of ordinary paint with

a gallon of raw linseed oil. In all woodwork, nail holes and other

defects should be filled with putty after the priming coat has been

applied; but if the wood be resinous, knots and resinous places

should be covered with shellac before the priming coat is put on.

Pitchy woods, such as southern yeUow pine and cypress, do not

absorb oil readily, and turpentine should be substituted for part of

the oil.

SECOND AND THIRD COATS.

The priming coat, having been absorbed largely by the wood, a

second, and possibly a third, coat of paint should be applied. The
most common paint used on houses is white lead. This is commonly
sold as paste white lead containing 8 per cent of oil, 100 pounds

being equal to 2.8 gallons in volume, and it is commonly mixed with

3 1 gallons of raw linseed oil, 1 quart of turpentine, and 1 pint of

drier to make 6§ gallons of paint for the second coat, or with 4 gal-

lons of oil, 1 pint of turpentine, and 1 pint of drier for the third coat.

If a vehicle composed of half linseed oil and half turpentine be used

in the paint for the second coat, it will have the effect of making the

paint dry with a duU or "flat" surface instead of a glossy surface,

and the third coat will adhere better. If white zinc is used, 9i
pounrls of dry zinc oxide and 0.57 gallon of oil make 1 gallon of paint;
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to this turpentme and drier also should be added. White lead is

used everywhere, but tends to yellow somewhat in the dark. White
zinc is used chiefly on interior work, being the whitest paint known.

Colored paints are commonly made by adding colored pigments to

lead or zinc. White, light blue, and light green are less durable

than yellow, gray, or dark colors.

Painting always should be done in dry weather, and paint should

not be applied to lumber that is not dry. A week or more should

be allowed to elapse between successive coats. A gallon of paint

wUl cover from 400 to 600 square feet "of surface, depending upon
the character of the surface.

WHITEWASH.

Ordinary whitewash is made by slaking quicklime in water in a

pail or barrel covered with cloth or burlap. The proportions of lime

and water should be about 10 pounds of the former to 2 gallons of

the latter, and the lime should be allowed to slake for one hour.

When the slaking is complete, enough water should be added to

bring the whitewash to a consistency which may be applied readily.

Weatherproof whitewash for exterior surfaces may be made as

follows

:

(1) Slake 1 bushel of quicklime in 12 gallons of hot water; (2)

dissolve 2 pounds of common salt and 1 pound of sulphate of zinc

in 2 gallons of boiling water; (3) pour (2) into (1), add 2 gallons of

skim milk, and mix thoroughly.

Roofing Materials.

PREPARED roofing.

There are on the market a large number of so-caUed "prepared"
or "ready" roofings for covering the sheathing of wooden roofs.

They are made by cementing together two, three, or more layers of

tar-saturated felt or felt and burlap, then coating the combination

either with a hard solution of the same cementing material or with

a mixture of hot pitch or asphalt and sand or fine gravel. These

roofings are commonly put up in rolls 36 inches wide and are applied

by lapping the strips 2 inches, with a coat of cementing material

between, and nailing every 2 or 3 inches with tin-capped roofing

naUs. A sufficient quantity of cement, nails, and tin caps is packed
in the middle of the rolls. These roofings are especially suitable

for use in convict camps, for the reason that no previous experience

is required for laying them.
In the construction of the portable buildings previously described

the prepared roofing can be fastened to the roof sections very satis-

factorily with No. 9 flaked glue.
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CORRUGATED IRON AND STEEL SHEETS.

Corrugated sheets of iron and steel, usually galvanized, are used

frequently for roofing convict camps. The best grades are made
of double-refined box-amiealed iron or steel. The weight and thick-

ness of the metal from which the corrugated sheets are rolled is

represented by gauge numbers based on standard gauges established

by act of Congress and known as United States standard gauge'.

The following table gives the weights and thicknesses of the dif-

ferent gauges from No. 16 to No. 28, between which limits are

included practically all the weights useful for ordinary roofing.

Galvanizing the sheets adds about 2h ounces per square foot to the

weights given.

United States standard gauge for sheet iron or steel.

No. of gauge.

16
17
18
19
20
21
22

Approxi-
mate

thickness
ia frac-

tions of

an inch.

Weight
per square
foot ia

No. of gauge.

23
24

25
26
27
28

Approxi-
mate

thickness
fn trac-
tions of

an inch.

TSTJ

Weight
per

square
foot in
ounces.

The sheets generally used have corrugations measuring 2J inches

from center to center. They are made in all gauges from No, 16 to

No. 28, and are carried in stock in 4, 5, 6, 7, 8, 9, and 10 foot lengths,

and can be obtained as long as. 12 feet at a cost of 5 per cent extra

per foot. The 8-foot length is most commonly used. The width

of the sheets, as a rule, is 24 inches between the centers of the

outer corrugations. All sheets are sold by the square (100 square

feet), measuring the actual widths and lengths of the corrugated

sheets.

The thickness or gauge required depends upon the distance between

the supports on which the sheets are laid. The maximum distances

between supports for the various gauges should be as follows

:

For No. 26 to 28 gauge, from 1 to 2 feet, center to center.

For No. 24 gauge, from 2 to 2| feet, center to center.

For No. 22 and 20 gauge, from 2 to 3 feet, center to center.

For No. 18 gauge, from 4 to 5 feet, center to center.

For No. 16 gauge, 5 to 6 feet, center to center.

The least pitch which should 1)0 given to roofs that are to be

covered with corrugated sheets is 3 inches to th(^ foot, and the

sheets, as laid on the roof, should have a lap at the lower end of

53577"—Bull. 414—10 10
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from 3 to 6 inches, the larger laps being used on the lower pitches.

For the side lap it is recommended that each alternate sheet be laid

upside down and lapped as shown in (a) rather than (h), figure 9. By
this method, when water is blown through the first lap, it will stop

and not pass the haK lap, but run down and out at the end of the

sheet.

In applying to the sheathing or wooden strips, the sheets should be

secured by nailing through the tops of the corrugations, the nails

being driven through every alternate corrugation at the ends and
about 8 inches apart at the sides.

In ordering corrugated sheets an allowance must be made for the

laps. The following table (17) gives the number of square feet

Fig. 9.—Proper (a) and improper (b) manner of laying corrugated roofing.

necessary to cover 100 square feet of actual surface, using sheets 8

feet long. If shorter sheets are used, the allowance must be slightly

increased.

Table 17.

—

Nuviber of square feet of corrugated sheets to cover 100 square feet of roof

.

End laps. 1 incli. 2 inclies. 3 inclies. 4 inclies. 5 inches.

Square Square. Square Square Square
feet. feet. feet. feet. feet.

110 Ill 112 113 114
116 117 118 119 120
123 124 125 126 127

6 inches.

Side lap, one corrugation
Side lap, one and one-half corrugations

.

Side lap, two corrugations

Square
feet.

115
121
128

Cement Concrete.

Portland cement concrete may be used in a convict camp for vari-

ous purposes, such as the construction of floors, building foundations,

well casings, and protective coverings, etc. Necessary information

yr^ TSBT 'TT
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FiQ. 1.—Interior of Virginia Bunk House.

OPBREIII77

OPRREIII78

Fig. 2.— Exterior of Virginia Convict Camp Buildings.
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FiQ. 1.—Single-Deck Metal Cot.

Fig. 2.—Double-Deck Metal Cot.
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with regard to the selection of the three ingredients, cement, sand,

and stone, and the best methods of preparing the concrete, building

forms, etc., is contained in Farmers' Bulletin No. 461, "The Use of

Concrete on the Farm," prepared by the Office of Public Roads and
Rural Engineering. Persons desiring copies of this bulletin may ob-

tain them free from the United States Department of Agriculture,

Washington, D. C.

CLOTHING, CAMP SUPPLIES, AND EQUIPMENT.

The problem of supplying and equipping a convict camp is a most
complex one, and one which, for its handling, demands a broad study

of the relative costs, durability, and suitability of the large number
of trade articles and supplies which are available. Too often, in the

hurry to put the camp into operation so as to realize the benefits of

the convicts' work on the roads, the purchase of supplies and equip-

ment receives but scant attention; articles are bought with little

reference to their suitability and adequacy, to say nothing of their

durabihty, simply because they are easUy obtained locally. This

haste results in rapid deterioration, discomfort, inconvenience, and

loss of time which materiaUy affect the economy of operation of the

camp.

Though space does not permit a full discussion of all the items of

suppfies and equipment which have their places in a well-designed

convict camp, and though the subject is such as to require particular

study under the special conditions of each camp, a few of the more
important items are discussed below from the standpoints of conven-

ience, durabihty, and cost, and a number of other articles, with their

approximate costs, are briefly listed. It is not considered that all the

articles mentioned are necessary for all camps. They are given sim-

ply as suggestions of the articles available for supplying the clearly

defined wants of convict camps, primarily with the purpose of recall-

ing their availabihty to officials charged with equipping camps.

CLOTHING.

The clothing worn in convict camps varies considerably in quality

and quantity; while the durability of various articles of the same

grade, as reported from different localities, varies even more widely.

This, however, may be expected to vary with climatic conditions and

with the character of the work upon which the convicts are employed.

In general, it wiU be found that the life of most articles of clothing

wiU be shorter in a w(;t climate than a dry one ; and such work as rock

excavation and quarrying causes more wear and tear than those

works on which the danger of tearing is less and the material handled

is softer.
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The principal items of clothing used in convict camps are: Coats,

trousers, vests, underclothing, socks, shoes, shirts, nightshirts, hats

or caps, and such special articles as slickers or oilcoats, rubber boots,

fur-hned hats, and rubber capes.

The characters of the more important articles in use are stated

below, the ranges of prevailing prices are given, and an estimate of

the hmits of durabihty is made on the basis of reports obtained in a

number of widely distributed locahties.

Coats, Trousers, and Vests.

The use of the vest as a prison garment is confined almost entirely

to the Northeastern States. In these States it is generally made of

woolen tweed and costs from 80 cents to $1. It is beheved that it

serves no useful purpose and is not recommended for general use.

Coats and trousers are made of cotton, wool, or part wool, and of

soHd gray, blue, and brown or in black and white stripes. The

general practice in the Southern States is to provide 8 or 10 ounce

woolen garments for winter use and 8-ounce cotton goods for summer
wear. The woolen suits cost about $2.75 each, $1.50 for the coat and

$1.25 for the trousers. The same weight of goods is used in stripes

and plain material. It is customary to supply each convict with two

fuU suits at one time, and the average wear of such goods is reported

as from three to six months, depending on the nature of the climate

and the service. A good rule, it is said, is to allow two of such suits

per man for a winter season. For summer use the woolen clothes are

replaced by cotton goods, of which the coats and trousers cost from 66

cents to $1 each. These also are supphed two at a time for each

convict, and their average life is said to be from three to four months,

the coats lasting somewhat longer than the trousers.

In the South the majority of reports indicate that each convict will

wear out one woolen suit and two cotton suits each year, and that the

average cost per man per year for these articles is about $6.50.

In the States of New York, New Jersey, and New Mexico a much
heavier goods, in the nature of a woolen tweed, is used. Coats of this

material are reported as costing from $2.85 to $3 each, and trousers

from $1.78 to $1.90. But, though they exceed in first cost the quaMty

of goods used so widely in the South, it is reported that their hfe

greatly exceeds that of the latter. In New Mexico an accurate record

kept at the State penitentiary shows a life of nearly two years for

these garments, and in New York a life of more than one year is

reported as the average. Usually the coat is not worn on the work,

and the trousers are protected by overalls, which cost from 50 to

75 cents per pair and last from three to six months. Supphes of

two pieces of each garment are maintained for each prisoner, as in

the Southern States, and the approximate cost of coats, trousers,
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and overalls for each prisoner per year is from S6.50 to $7. In the

States in which there is a penitentiary, the clothing for the road forces

generally is made in the prison shops. In a number of the Southern

States it is bought ready made from private manufacturers. In

certain other States and counties the cloth is bought in large quan-

tities and made into clothing by the female prisoners of the county or

State, and as an instance of another method, in Chatham County,

Ga., clothing for the road forces is made at the county courthouse

by the poor people of the city of Savannah, who are paid at the rate

of 5 cents per garment for cutting and from 10 to 14 cents for sewing.

Shirts.

Shirts usually are made of ticking, or cotton duck, though a

cheap cotton madras is used in at least one State. In cost they range

from 31 cents, as quoted in New Mexico, for a shirt of ticking, to 75

cents for an S-ounce duck shirt in Fulton County, Ga., and $1 for a

shirt of herring-bone material used in Arizona. According to the

reports of durabihty, as made by officials in charge, aU grades wear
from six to eight months. In a number of the southern counties the

shirts are worn without coats during the sunmier season. The aver-

age cost of shirts per convict per year is approximately $1.

Night Shirts.

The investigation showed that special garments for night wear

were in use only in very few of the States, and these all in the

Southeastern section. From a sanitary standpoint they are abso-

lutely essential and from the standpoint of economy they are justified

by the saving in wear of the underclothes. They also make possible

a reduction in cost of laundering bed clothing. They are usually

made of ticking at costs varying from 30 to 75 cents per garment,

and wear from six months to one year. The average cost per man
per year is 75 cents.

Underclothes.

Underclothes, shirts and drawers, usually are made of fleece-lined

cotton or Canton flannel. Garments of the former goods cost about

37^ cents each for shirts and drawers, and of the latter goods 45 to

50 cents each. In the Southern States, as a general rule, underclothes

are used in winter only. A Ufe of from three to five months per

garment is reported from a number of widely scattered locahties,

and the average cost per man per year for underclothing is $2.50.

Socks.

Sock.s for summer wear are made of cotton, for winter use of wool.

The cost varies from 5 to 1 6 cents per pair and the life from 2 to 6

wefiks per pair. The average cost of an equipment of socks is $1 per

man per year.
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Shoes.

The form of shoes usually provided is that known as brogans. In

a number of the States the shoes used by the road-working convicts

are made in the penitentiary shops. Some attempts have been made
to prolong the life of shoes by reinforcing them with metal about the

heel. These attempts, however, are not satisfactory, as the stiffness

of the heel thus reinforced is a common cause of lameness which seri-

ously impairs the efficiency of the workers. The costs of shoes used

range from $1.37 per pair in Virginia to $3 per pair in Washington.

The more usual costs are from $1.75 to $2.25, and the average cost is

about $2 per pair. Reports of the life of shoes indicate that they

will last under average conditions about 4 months ; on rock work or

work in marshes, however, their hfe probably will be shorter, and on

hght work somewhat longer than the average. The average cost of

shoes per man per year as reported is $6.

Hats and Caps.

The hats and caps in use are of various forms, such as the ordinary

convict-striped skull caps, golf caps, felt hats, and broad-brimmed

straw hats. They vary in cost from 40 cents to $1 each and last from

six months to one year. The average cost per man per year is approx-

imately $1.
Special Articles.

Besides the staple articles above mentioned a number of special

articles are supphed for use in rainy and cold weather. Among these

are shckers, or oilcoats, rubber boots, rubber capes, and warm hats

and overcoats. Usually such articles are supphed for the use of only

a part of the force for the reason that it is the practice to employ only

a few men away from shelter in bad weather. It is a good pohcy to

provide about a dozen of each of the articles in a camp of 40 men, and

such supphes will last at least one year. The cost of each are approxi-

mately as follows: Shckers, $2 each; rubber boots, $2.40 per pair;

rubber hip boots, $4.90 per pair; rubber capes, $1.75 each; warm
hats lined with fur, $1 each. The average costs of aU clothing may be

approximately summarized as follows:

Item.
Quantity
per year.

Coat per
man per
year.

Item.
Quantity
per year.

Cost per
man per
year.

Coats lto3
lto3
2
lto2
2 to 4
3
lto2

S3. 50
3.00
1.00
.75

2.50
6.00
1.00

8 to 24 SI. 00
Trousers Special articles, including

slickers, boots, etcShirts 1.00

Total cost of clothing
per man .

.

Underclothes
Shoes 19.75
Hats or caps

COTS AND BEDS.

The usual forms of beds provided may be described as box bunks,

pallets, wooden or Army cots, and metal cots. The box bunks con-

sist simply of a rough box placed directly on the floor or elevated
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about 18 inches above it and usually filled with hay or straw upon
which the bed covering is spread. The boxes sometimes are con-

structed in tiers, especially in the wooden cars. They are inexpen-

sive, but apt to be very insanitary, and at best can only be re-

garded as makeshifts.

The pallets are made of mattresses, blankets, or quilts and are

laid either directly on the floor or on continuous platforms, as in the

Virginia camps.

The wooden cots usually are arranged to fold up and are either

equipped with springs or made in the form of the Army cot, in which

the springs are replaced by a sheet of canvas. These, as well as all

forms of beds made of wood, are objectionable because it is difiicult

to keep them free from vermin. Metal cots were found in use in a

few camps, in tiers in the steel cages and as single-deck or double-

deck cots in the tents and wooden structures. These, as well as all

other forms of beds, frequently are placed contiguous to one another.

The metal cot is by far the most desirable type from the stand-

points of durability, economy, and cleanliness. They may be pur-

chased at very reasonable prices from a number of manufacturers

in various parts of the United States. The most suitable for the

purposes of convict camps are those made of galvanized or aluminum-
painted steel angles with sleeping surfaces of wire-link fabric, and
hehcal springs at each end. In dimension they should be at least 2^
feet wide and 6^^ feet long. They are manufactured in both double

and single deck forms, and are so constructed as to be readily and
quickly knocked down when the camp is moved. Desirable forms

of double and single deck metal bunks are shown in Plate XIII,

figures 1 and 2. A single-deck cot similar to the one shown can be

purchased for not more than $3, and the cost of the double-deck cot

will not be greater than S6. Bought in quantities of 25 or more it

wiU be found usually that the cots can be supplied at about 20 per

cent less than the foregoing prices.

BEDDING AND BEDCLOTHES.

For sanitary reasons mattresses stuffed with hay or straw are

preferable to those filled with cotton batting. The ticks may be

made very conveniently by women convicts, or in the penitentiary

tailor shop. About 5 yards of ticking 36 inches wide are required

for one tick, and the cost of the ticking is about 12 cents per yard,

making the cost of a mattress tick about 60 cents for material alone.

iSuch a tick will last about two years.

Pillow Ticks.

Pillow ticks made of the same material as the mattress ticks and
in the same way will cost about 18 cents each and last about the same
length of time.
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Sheets and Pillow Cases.

At least four sheets, two sets of two each, should be provided for

each inmate. The most suitable material of which to make them is

unbleached cotton. About 3 yards of material will be required for

each sheet, and, at the usual cost of 7^ cents per yard, a complement of

sheets for one man will cost 90 cents. Each man may be expected

to wear out two sheets a year, at a cost per year of 45 cents.

Pillow slips are as important as sheets and should be furnished.

An allowance of two for each inmate should be made, and these will

be worn out approximately at the rate of one per year. Each slip,

made of unbleached cotton, will require 2 yards of goods, and the cost

of one, as well as the cost per man per year, will be about 15 cents.

Blankets.

Gray cotton blankets, such as already are in use in a large majority

of the camps, are the most suitable for the purpose. For a cot 2^

feet by 6^ feet they should be at least 5 feet by 7 feet in size, and

enough of them should be on hand to keep the inmates comfortable

without heating the sleeping rooms. This will require an outfit of

at least 5 blankets per man, at a cost of 87| cents each, or a total of

$4.37. Under ordinary conditions each man will wear out one

blanket a year, making the annual charge per man about 88 cents.

Summary op Cost or Bedding.

The foregoing costs of items of bedding per man per year are sum-
marized as follows:

Mattress ticks $0. 30

Pillow ticks 09

Sheets 45

Pillow slips 15

Blankets 88

Totol cost of bedding per man per year 1. 87

TABLES.

Plans for the construction of a very convenient form of mess
table with benches combined are given in figure 10. Each table 10

feet long will seat 8 men without crowding. In the interest of neat-

ness it is desirable to cover the top with white oilcloth. The biU

of materials for the table is as follows:

Lumber

—

2 pieces, IJ by 10 inches, 10 feet long, dressed four sides.

1 piece, 1 by 12 inches, 10 feet long, dressed four sides.

2 pieces, 1 by 10 inches, 10 feet long, dressed four sides.

3 pieces, 1 by 4 inches, 10 feet long, dressed four sides.

1 piece, 1 by 4 inches, 12 feet long, dressed four sides.

1 piece, 2 by 4 inches, 18 feet long, dressed four sides.
-

Oilclotii, 3J yards.
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Using yellow-pine lumber at $30 per M board feet, oilcloth at 25

cents per yard, and labor at $2.50 per eight-hour day the cost of

such a table is approximately as follows:

Lumber, 78 feet b. m., at $30 per M |2. 34

Oilcloth, 3^ yards, at 25 cents per yard 88

Labor, 2 hours, at 31 cents per hour 62

Total cost of table 3. 84

MESS UTENSILS.

The mess utensils commonly furnished to each prisoner are as fol-

lows: One tin dinner plate, one tin pint cup, one cheap metal spoon,

and a tin dinner bucket of about 2 quarts capacity. In some camps
knives and forks also are furnished. In general, the equipment fur-

nished seems to be entirely suitable, but enameled-ware plates and

cups are to be preferred to tinware.

SUMMARY OF SUPPLIES AND EQUIPMENT.

The prices given in the following summary are approximate only,

and will vary from time to time and from section to section, but it is

beheved that they will give a fairly accurate idea of the relative cost

of the various articles. All the articles are classified according to the

grouping suggested under "Records and cost accounts," page 36,

and the quantity of each article is that suggested for the stock of a

camp of 40 convicts.

List of supplies, equipment, etc., for a camp of 40 convicts.

Clothing.

12 boots, rubber, knee length per pair. . $2. 40

12 boots, rubber, hip length do 4. 90

Buttons, assortment.

48 caps each. . . 50

96 coats, cotton, stripes or plain color do 85

96 coats, woolen, stripes or plain color do 1. 50

96 coats, woolen tweed, stripes or plain color do 2. 90

96 drawers, fleece-Lined cotton do STJ

96 drawers, Canton flannel do 50

48 hats, felt '. do 1. 00

48 hats, broad-brimmed straw do 20

50 pounds leather, sole per pound. . . 43

96 nightshirts, ticking each. . . 50

12 oil coats do 2.00

96 shirts, ticking do 35

96 shirts, cotton duck do 75

96 pairs shoes per pair. . 2. 00

96 pairs socks, cotton do 07

96 pairs socks, woolen do 15

48 spools thread per dozen. . . 50

96 trousers, cotton. each . . .85

96 trousers, woolen do 1. 25
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96 trousers, woolen tweed each . . $1. 85

96 undersMrts, fleece-lined cotton do 37^

96 undershirts, Canton flannel do 50

96 vests, woolen tweed do 90

Quarters.

Bolts, assorted.

6 fire extinguishers each . . 10. 00

6 fire extinguishers ' do 7. 00

25 pounds floor filler per pound. . . 10

100 gallons floor oil per gallon. . . 50

2 glass cutters each. . . 10

Hardwai'e for buildings, assortment.

Nails, assortment.

2 putty knives do 10

Tacks, assortment.

Washers, assortment.

Window glass in size of lights per square foot. . . 08

FURNITURE AND EQUIPMENT.

1 air compressor.

1 air pmnp.
1 air tank.

2 alarm clocks each. . 1. 50

48 basins, enameled ware do 60

48 basins, tinware, capacity 3 quarts do 18

6 baskets, chip do 05

6 batteries, electric dry cell do 18

50 feet belt lacing, leather, i inch wide per foot. . . 01^

200 blankets, cotton each. . . 88

6 brooms, house do 40

2 brooms, whisk do 20

3 brushes, dust do 10

6 brushes, hair, stiff bristles do 35

3 brushes, paint, flat, 4-inch do 75

3 brushes, paint, flat, 2-inch do 50

6 brushes, scrub, stiff, white bristles do 15

3 brushes, shaving do 35

2 brushes, shoe (paste and polisher combined) do 25

2 brushes, stove (paste and poUsher combined) do 15

12 chairs, folding arm do 1. 50

2 chamois skins do 50

12 checkerboards do 10

1 chisel-set, | to 2 inch sizes 3. 30

2 chisels, cold each . . .25

1 pair clippers, barber's per pair.

.

2. 50

2 gross clothespins per gross.

.

. 80

200 feet clothesline wire per foot.

.

. 004

1 clothes-wa.shing machine each .

.

6. 50

1 clothes wringer 4. 00

6 coal hods, galvanized, large size each .

.

.50

6 combs, hair do 40

12 comforts, officers' do 1^ 25

20 cots, double-deck, prisoners', 2 feet 6 inches by 6 feet 6 inches do 6. 00

40 cots, single-deck, prisoners', 2 feet 6 inches by 6 feet 6 inches do 3. 00



154 BULLETIlSr 414, U. S. DEPAETMENT OF AGBICTJLTURE.

8 cots, single, officers', 3 feet by 6 feet 6 inches each. . $0. 50

6 cuspidors, fiber, loose-covered do 50

1 desk, flat-top.

3 gallons disinfectant and sprayer 4. 00

3 dustpans, household size each . . .15

500 sheets fly paper, at 5. 50

12 fly swatters each. . . 10

12 fly traps, wire style do 12

6 garbage cans, heavy galvanized, capacity 25 gallons do 1. 50

1 gas engine, 2f horsepower, at 62. 75

1 giindstone, 24 inches, mounted, at 2. 90

3 hammers, claw each.. . 50

6 handlantems, white globes do 45

2 hatchets do 75

1 hot-water heater, at 20. 00

1 hot-water tank.

24 lamp chimneys each .

.

05

12 lamps, wall, with reflectors do 75

8 mattresses, cotton, 3 by 6 feet do 3. 75

96 mattress ticks, 2 feet 6 inches by 6 feet 6 inches do 60

2 monkey wrenches, small do 50

12 mop heads do 25

6 mousetraps do 10

12 packages needles, large eyes.

2 oiHng cans each. . . 40

20 yards oilcloth per yard. . . 25

12 pails, galvanized wash, capacity three gallons each. . . 35

96 pillow slips do 15

48 pillow ticks. do 18

12 boxes poHsh, stove do 10

3 razors do 1. 50

1 razor strop do 1. 00

1 saw, crosscut 1. 60

1 saw, rip 1. 60

1 scales, spring, 30 pounds capacity 3. 50

3 screw drivers each. . . 25

— pounds shaving soap per pound. . . 25

3 shaving cups, glass each. . . 25

1 shears, barber 75

168 sheets, unbleached cotton each. . . 23

2 shovels, fire do 15

2 shovels, squai'e point do 50

144 bars soap, personal use do 03

6 soap dishes, enameled do 10

6 sponges, rough, large size do 40

24 stools, camp, folding canvas seats do 40

6 stoves, heating : do 8. 50

6 tarpaulins, 12 by 30 feet do 24.00

. . rolls toilet paper do 05

50 yards towel, crash, at 1. 75

144 towels, plain, Tmrkish each. . . 10

4 washboards, glass front do 50

4 washtubs, galvaniz;ed, capacity 20 gallons do 1. 10

1 whetstone, at 10
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KITCHEN AND MESS SUPPLIES.

6 bread pans, sheet iron, 12by 24by 3 inches deep each. . |1. 50

6 cake turners, handled do 08^

2 can openers do 10

1 cleaner, meat, medium size do 25

1 coffee pot, enameled, capacity 4 gallons do 2. 00

1 coffee grinder, mill style, capacity 1 pound do 6. 00

2 corkscrews, with patent lighting appliance do 25

12 glass cruets, with spring metal tops, capacity 1 pint do 15

24 cups, china do 07

48 cups, enameled, capacity 1 pint do 12

48 cups, tin, capacity 1 pint do 05

48 dinner buckets, tin, capacity 2 quarts do 10

12 dippers, tin do 05

4 dishpans, agate ware, capacity 6 gallons do 1. 00

2 forks, carving, galvanized, with wooden handle do 25

2 forks, cooking do 15 .

60 forks, table, nickeled ware do 07J
2 frying pans, 15 inches diameter, 2 inches deep do 90

2 frjing pans, 8 inches diameter, 2 inches deep do 45

3 funnels, small, medium, and large sizes 10, 15 and .20

1 grater, tin 10

1 grinder, meat, large size 2. 00

1 kitchen range, hotel style

2 knives, carving each. . . 30

60 knives, table, nickeled ware do 07^
3 ladles, soup, enameled, capacity 1 pint do 25

1 measure, half-bushel. 30

1 measiire, pint 25

1 measure, quart 25

1 measure, half gallon 40

1 meat block brush, heavy wire bristles 15

1 meat saw 35

2 milk cans, capacity 5 gallons each. . 1. 00

4 paring knives do 10

4 pepper shakers, table, aluminum, weighted base do 10

6 pitchers, enameled, capacity 6 quarts do 95

24 plates, China, dinner do 12J
48 plates, enameled, dinner do 12^
48 plates, tin, pie do 02J
1 gross cans potash do 05^
1 refrigerator 25. 00

2 roast pans, double each. . 1. 50

1 rolling pin 15

1 salt box, container size for cook 25

4 salt shakers, table, aluminum, weighted base each. . . 10

24 saucers, China do 07

4 spoons, cooking do 20

24 spoons, table, nickeled ware do 12

60 spooas, tea, nickeled ware do 07^
6 sUiW pans, agate, capacity 2 gallons do 50

1 stock pot, retinned, copper Ijottom , capacity 15 gallons 4. 50

I stock pot, retinned, copper bottom, capacity 10 gallons 3. 50
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1 stock pot, retinned, copper bottom, capacity 5 gallons , . $2. 50

6 sugar bowls, glass, -with spring metal tops each . . .25

6 tables, homemade do 3. 84

FUEL AND LIGHT.

6 electric searchlights, hand size each. . 1. 50

50 gallons gasoline, variable, per gallon

50 gallons kerosene, variable, per gallon

10 tons coal, variable, per ton

MEDICINE AND MEDICAL ATTENTION.

1 pound absorbent cotton 25

1 spool adhesive plaster, 4 inches by 5 yards 75

2oz. alcoholic solution, iodine, 3 per cent per ounce. . . 12^

2 oz. aqueous solution, boric acid, 4 per cent do 12^

2 oz . aromatic spirits of ammonia do 07

J

100 aspirin tablets. 5-gi'ain 90

1 12-inch basin, enameled 60

2 tubes, bicarbonate of soda in petrolatum, 3 ounce capacity each. . . 15

100 bismuth subcarbonate tablets, 5-grain 19

8 ounces boric ointment, U. S. P per ounce . . . 04J
500 Brown's mixtiu-e tablets per C. . .14

100 calomel and soda tablets, one-half grain per ounce . . .12

16 ounces castor oil do 02J
3 tubes catgut sutures, sterilized, assorted sizes per tube. . . 20

2 catheters, soft rubber each. . . 20

16 ounces chloroform liniment per ounce. . . 05

500 compound cathartic pills per C . . .20

1 pint eosol 34

16 ounces Epsom salts per ounce. . . 00^

1 eyecup 10

1 roll gauze bandage, 3 inches by 10 yards 10

1 roll gauze bandage, 2 inches by 10 yards 10

1 roll gauze bandage, 1 inch by 10 yards 10

5 yards gauze di'essing per yard . . .06

I pint gi'ain alcohol per pint. . . 60

1 pound green soap 15

4 6-inch haemostats i each.. . 90

1 hot-water bag 1. 00

2 ounces Jamaica ginger per ounce . . . 07J
2 medicine di'oppers each. . . 02J
1 medicine glass 10

8 ounces mercurial ointment, U. S. P per ounce. . . 09

1 nail brush 05

2 packages opal silk each. . . 25

8 ounces potassium iodide solution, 10 grains to the teaspoonful .per ounce ... . 09^

1 probe 30

100 tablets quinine sulphate, 5-grain per C. . 1. 15

12 safety pins, large 05

2 scalpels each.. . 50

1 pair scissors, 4^- inches 75

1 pair scissors, sm'gical, 6J inches 1. 25

8 ounces sodium bicarbonate per pound . . .15
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2 splints, No. 1 each. . $0. 50

8 ounces sulphui" ointment per pound. . . 75

1 smooth-dressing forceps 50

1 dozen siu-gical needles 50

1 ounce toothache drops 25

RATIONS FOR CONVICTS AT ROAD CAMPS, i

INTRODUCTION.

To maintam tlie body in the highest state of health and efficiency

it must be suppHed with those foods best adapted to build up the

wasted tissues, furnish energy for the production of muscular activity,

and yield heat for the upkeep of the temperature.

When a good variety of animal and vegetable foods is at hand in

sufficient quantities, the mstinct and taste of the individual gener-

ally may be reUed upon to guide hun in the selection of those foods

best adapted to his needs, but when, through lack of means or depri-

vation of freedom, he is compelled to submit to certain limitations

of his food necessity, rather than natural desire, may determine how
his body shall be nourished. It is highly unportant, therefore, that

those who are to restrict or supervise the feeding of any group of

individuals should have some knowledge of foods and their relations

to the human body.

Among the most important constituents of food are the substances

known as protein, fats, carbohydrates, and mineral salts.

PROTEIN.

Protein is usually considered of first importance in food values,

because it is the only constituent of food which contams nitrogen, the

element essential for the building and repair of the nitrogenous tissues

composing the body itself. Protein is contained in largest quantities

and in forms most available to the body in lean meat, fish, cheese,

eggs, milk, peas, beans, oatmeal, and wheat flour. It is noticeable

that protein is in the greatest amounts and the most useful forms in

the more expensive articles of food, and that fat meat, syrup, green

vegetables, and molasses are not included. These latter foods, while

by no means without great value in other ways, do not alone, with

the possible exception of some green vegetables, supply the body with

sufficient protein for its needs.

The results obtained from much careful study of different races and

groups of individuals have led an investigator of wide experience in

India to conclude that all successful people have habitually consumed
protein in large amounts, whereas those who have adhered to a low

protein standard have not progressed correspondingly physically,

mentally, or morally. The foUowingsayingconcerning the Brahmans,

' ('rcA'ii m Ki'vcn to the Office of Ilomn ICf;on)mir;.s of tlio State Relations Servieo of tliis department for

ai'J in the prcpiiration of this part of the Imlletin.
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who are vegetarians, exemplifies the effects likely to accrue from foods

deficient in proteins: "It is better to sit than to walk, to lie than to

sit, to sleep than to wake, and death is best of all."^

Dietary studies have shown that in communities where there exists

a generally low condition of mental and physical efficiency, thrift, and

commercial success, there, too, may be found a low proportion of

proteins in the diet. As examples of this there are pointed out the

negro and poor white of the South and the Italian laborer of southern

Italy, all of whom are far down the scale as regards their sociological

conditions and commercial enterprises and whose diet is very low in

protein. Yet when ''hog and hominy" are generally supplemented

by a more liberal diet consisting of milk, eggs, meat, cheese, cowpeas,

and beans their general condition and productive powers have been

observed to increase markedly.

It is not denied that it is quite possible to maintain fife, a certain

degree of health, and a measure of strength on a diet somewhat low

in protein, especially if the foods are selected carefully, have httle

waste, and are calculated to supply all the needed protein "building

stones"; but the object to be attained is to provide that food which

is best for the eflS.ciency, economy, and general welfare of the body.

FATS AND CARBOHYDRATES.

The fats are contained principally in such foods as butter, oleomar-

garine, lard, salad oil, fat salt pork, bacon, and fresh meats and fish,

while the carbohydrates include the sugars and starches and form

the principal constituents of foods derived from plants. These foods

can not build tissue, but they maintain the heat of the body and fur-

nish energy to carry on the vital processes and for work and activity.

The vegetable or plant foods also contain a considerable amount of

indigestible material which affords no nourishment, but furnishes the

bulk necessary to stimulate the flow of digestive juices and give the

walls of the intestine something to work upon. If the food were aU
of such a character that it could be absorbed as total nutriment the

bowels would not function properly and serious consequences would
follow.

MINERAL MATTER OR ASH.

Mineral salts are required by the body for bone formation and other

physiological processes. A generous and varied diet is much more
likely to supply the required kinds and amounts of these essential

constituents than is a diet restricted in quantity and variety. Fresh

green vegetables and fruits are not of great value as tissue-building

foods or energy producers and are not suitable to use as substitutes

for the more substantial foods, but they contain considerable amounts
of mineral salts, which are as essential to the health of the body and

1 D. McCay, "The Protein Element in Nutrition,"
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its vital processes as are other food constituents and should always

be given a place m the diet for this reason. These also are useful for

increasing the bulk in a diet which is already sufficiently nutritious

but lacking iu amount. Then, too, as Dr. Langworthy has observed,^

the use of fruits, fresh and preserved, often makes palatable an other-

wise rather tasteless meal. Jam with bread is a reasonable combi-

nation, the highly flavored fruit product whetting the appetite for the

needed quantity of rather flavorless bread.

From the preceding paragraphs it is evident that various kinds of

food are necessary if the body is to be well nourished. Itnow remains

to be seen in what combination these articles of food should be selected

and in what quantities they should be provided.

It has been shown already that a certain amount of protein food

is necessary. Under ordinary conditions of life natural tastes and
desires generally lead to the selection of suitable foods, and so it

comes about that the common articles of food consumed by the great

majority of people in good health consist of meats, fish, eggs, milk,

butter, cheese, sugar, iiour, meal, cereals, fruits, potatoes, and other

vegetables. In such foods as these there is plenty of protein mate-

rial, and when the amount of food consumed is sufficient to satisfy the

appetite and produce a feeling of satisfaction there is no doubt but

that the body is supplied with a store from which it may pick out

those combinations so essential to its nutrition. When, however,

economic conditions become such that the more expensive elements

(meat, fish, eggs, milk, and cheese) must be curtailed and the diet

must be limited to a few articles of food, and those the very cheapest,

care must be taken to provide a sufficient amount of proteins.

A diet consisting of salt fat pork, com meal, a little white flour,

syrup or molasses, and a few green vegetables and fruits is high in

fats and starches but low in protein. Salt fat pork consists almost

wholly of fat, and while it adds much to the energy value of the diet it

is very low in protein (tissue-building substance). The other foods

also are low in protein, so that the diet is one-sided and poorly bal-

anced. Taken as a whole, the people who live largely on a diet of

this sort are more liable to diseases of nutrition (scurvy, beriberi, pel-

lagra) and are neither so robust, active,nor productive of efficient labor

as others who are more fortunately situated. Combined with foods of

this sort there must be protein foods, such as beans, cowpeas, salt fish,

and any others that can be afforded if a suitable diet is to be provided.

THE FOOD IN CONVICT CAMPS.

It is reasonable to assume that the food furnished to convicts

at work on the public highways while serving their sentences should

bo wholesome and nutritious but that the cost should bo as low as

I (;. S. Department of Agriculture: Farmers' Bulletin 293.
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is consistent with proper nourishment. In what ways the problems

of feeding presented themselves to the various camp officials and

with what success they were solved will now be discussed.

In general, it may be said that a wide variation exists in the

quality and kind of food furnished at different camps, but without

exception the quantity served was always sufficient to satisfy the

desires of the men. The greatest differences in food were apparent

between the camps in the Southern States and those in the East and
West. In each of these sections of the country, however, the pris-

oners received the kinds of food to which they were accustomed

and which seemed to be adapted to their particular needs.

At honor camps the quality of the food is always a prominent

feature, because it is hoped that by making the diet attractive and
adding certain dehcacies the men may be made more contented

and less Hable to attempt to escape. Numerous articles of food in the

dietaries of honor camps are not, therefore, justified on the basis of

food values alone, and the cost of feeding does not represent the

lowest price for which the proper amount of nourishing food can

be provided. In fact, the food frequently is of a higher grade than

that which the average laboring man is able to provide for himself

and his family. At certain camps the food is so attractive and the

quantities so liberal that overeating is a common cause of sickness.

Men accustomed to prison fare for long periods of time are especially

prone to disturbances of digestion when indulging to excess in the

tempting viands of the honor camps.

The following menus in effect at one of the eastern camps vis-

ited may serve as examples of the food served at several camps of

this type:

Breakfast:

Fried breakfast bacon and eggs (2 slices of breakfast bacon and 2 eggs to

each man).

Fried potatoes.

Bread and butter, or hot biscuits and butter (without stint).

Coffee, with sugar and fresh milk.

Dinner:

Beefsteak with onion gravy, tomato catsup; or pork chops; or roast meat.

Mashed potatoes.

Stewed tomatoes or other vegetabxO.

Bread and butter (without stint).

Mince pie, or pudding, or some other dessert.

Coffee, with sugar and fresh milk.

Supper:

Scrambled eggs, or poached eggs on toast (2 to each man).

Hot biscuits and butter.

Stewed fruit.

Cookies or cakes (freshly baked at camp).

Hot cocoa, fresh milk.
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This camp consisted of 18 white prisoners and the cost of the

rations was estimated by the camp officials at 30 cents per person

per day, which, however, did not include the cost of fresh mUk,
butter, and eggs. The latter supplies were furnished to the camp
by the county in which the men were at work.

The estimated cost is remarkably low for the kind of food fur-

nished, but the camp was located favorably in a rich farming dis-

trict, and supphes were purchased at an unusually low price.

A diet such as this leaves nothing to be desired as far as general

nutritive properties and the pleasure of taste are concerned, but

it is largely composed of the more expensive articles of food for which
cheaper substitutes might be found readily. Only under excep-

tional conditions can food of this sort be provided, and for economic

reasons its use is quite impractical.

Following is another menu at one of the eastern camps

:

Breakfast:

Oatmeal mush; beef hasli, or steak, or ham, or bacon, or eggs.

Bread and butter (without stint).

Coffee, with diluted evaporated cream sweetened to prevent waste of sugar.

Limch (on road):

Three sandwiches of the following kinds: ham, egg, corned beef, roast beef,

bacon, or cheese.

Tomatoes or fruit.

Cold coffee or tea.

Dinner:

Soup or chowder (three times a week).

One of the following dishes: Roast beef, boiled ham, corned beef and cabbage,

boiled beef, Hamburg steak, mutton potpie, beef stew, pork and beans, or

fresh fish.

Boiled or mashed potatoes.

Stewed corn or rice, or beans or peas, or some other vegetable.

Bread and butter.

One of the following kinds of dessert: Pie, pudding, sweet buns, coffee

cake, or stewed fruit.

Coffee, tea, or cocoa, with diluted evaporated cream sweetened.

This camp was composed of 60 white prisoners. A contract had
been made for the feeding of the men at the rate of $2.50 a week per

man (about 36 cents per day), which included the cost of hauling

all supplies for a distance of about 12 miles. The food was prepared

and served by prisoners under the supervision of the contractor.

The articles of food furnished comprise a well-balanced mixed diet

of considerable variety, with fresh meat in one form or another two
or three times a day, but in spite of this the prisoners were dissatisfied

and with just cause. The food was served in an unappetizing manner
and was poorly apportioned; lunch pails were partially filled the day

before they were to be used and were allowed to stand in a warm
place so that the contents soured or became stale; and the general
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supervision was lax. This is a good iHustration of the fact that a

high grade of food may be distasteful if prepared and served in a

careless manner. These men undoubtedly would have been better

satisfied with cheaper articles of food carefully prepared and de-

cently apportioned and served. This was the only honor camp
visited in which a contractor was given supervision of the feeding,

and it is interesting to note that it is also the only camp at which any

complaint was heard in regard to the food.

Following is a menu of a western camp

:

Breakfast:

Cereal (oatmeal mush, hominy, or corn-meal mush), with condensed milk

and sugar.

Fried bacon.

Bread, mth com sirup.

Coffee, with condensed milk and sugar.

Dinner:

Fresh meat (beef, mutton, or pork).

Potatoes.

One other vegetable, including a variety of fresh vegetables in season.

Bread.

Fresh or preser\-ed fruit.

Supper:

Meat stew, or cold left-over meat, or pork and beans.

One or two fresh vegetables, or canned vegetables when fresh vegetables are

not available.

Bread.

Stewed fruit or fresh fruit.

Coffee with sugar and condensed milk.

Vienna sausage, macaroni, and cheese also were used for varying

the diet.

This camp was composed of 70 prisoners. The food was well pre-

pared by a good cook and neatly served. It furnishes an excellent

example of a moderate-priced, well-balanced diet for men at hard

muscular labor. The average cost of the ration was 28.8 cents not-

withstanding the fact that the camp was located 20 miles or more
from the source of supphes.

It should be noted that breakfast consists mainly of cereal, bacon,

and bread. This is a nutritious, convenient, and economical meal,

and does not require the addition of meat or eggs to make it rational

as long as the quantity served is sufficient to satisfy the appetite.

Whatever constituents may be lacking will be made up readily at

the next meal which consists of meat, vegetables, and fruit.

Dinner is seen to consist of plain substantial food materials, with

fresh or preserved fruit in place of pies, puddings, or cakes. Not
only are the fruits less Hkely to cause distress or digestive disturbance

than the latter more elaborate and expensive combinations, but they

are especially valuable because of their mineral constituents which
are needed by the body.
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Supper is a well-balanced meal made up from left-over meat and
vegetables with an occasional extra dish for variety. Butter is en-

tirely absent from the diet, the fat being furnished by the bacon and
the meats.

Another western camp menu is as follows:

Breakfast:

Oatmeal or corn-meal mush.

One of the following: Fried steak and onions; fried ham; breakfast bacon;

fried Uver; corned-beef hash.

Potatoes (fried, stewed, or potato chips).

Bread.

Sirup.

Coffee, with evaporated milk and sugar.

Dinner:

Soup (four times a week), tomato, cream of tomato, rice and tomato, or split-

pea.

One of the following: Roast beef with brown gravy, and macaroni and cheese;

short ribs of beef; boiled ribs of beef; stewed beef; braised ribs of beef with

tomato sauce.

Potatoes (mashed, browned, or boiled).

Pink or navy beans and rice, or turnips, or macaroni, or cabbage.

Dessert (four times a week) : Apple roll, raisin roll, or cottage pudding.

Supper:

Beef stew, or fried hash, or chili con came, or boiled beef.

Always one of the following: Stewed navy beans, pink beans, or baked beans.

Raw cheese and onions (two or three times a week)

.

Always one of the following: Stewed prunes; stewed apples; stewed raisins.

Bread.

Coffee.

All of the food materials included in this diet are wholesome and
nutritious, but a much greater variety than is necessary is furnished

at each meal. The redundancy may best be discerned by comparison

with the preceding menu.

Soup may be considered a luxury and is justified only when the

ingredients for its concoction are at hand and no extra expense is

incurred in its preparation. It contains in itseh very little nutri-

ment, but is useful for soaking bread and adding to foods which

otherwise would be too dry.

wSuch combinations as meat and macaroni and cheese, or meat and

stewed dried beans, or meat and cheese are both costly and unnec-

essary. All these are the more expensive foods, rich in proteins, and

a sufficient quantity of one of these dishes at a meal will give fully

as much satisfaction. Then, too, when two or more rich protein

foods are provided at one meal the opportunity for variety is greatly

reduced—the greater the number of food materials served at one

time the oftener they must appear, and the more monotonous they

will become.
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The cost of this ration in a camp of about 50 men was 41.4 cents,

which is more than the average free laborer could afford at his own
home.

In the honor camps of the State of Washington the variety of food-

stuffs used and the amounts in which they were apportioned were

based to a certain extent upon the garrison ration of the United

States Army. The camp cooks were given hsts of the foods with the

quantities allowed each man, and using the amounts designated they

selected the food materials and prepared the meals for their respective

camps. All food supplies for the day were weighed out each morning,

and records of the amounts used were sent to the office for filing. In

this way it was possible to keep accurate cost data and to account

for aU food materials purchased for the camp.

At the guarded camps this system was quite satisfactory and the

men were well fed at an approximate cost of 29 cents a man per day;

but at the honor camps the principles of the Army ration were not

strictly adhered to and butter, eggs, pies, cakes, canned fruits and

vegetables, and preserves, were used to such an extent that the cost

of the ration was at times well over 50 cents.

The diets shown thus far include most of the foods which are in

common use throughout the country and are a fair indication of the

kinds of food served in camps composed mostly of white prisoners in

the Eastern and Western States. They contain a considerable variety

of foods, both animal and vegetable, and in general represent those

combinations which years of experience have proved suitable for

supplying the needs of the body.

The average cost of camp rations in the Eastern and Western
States visited is as foUows: New York, 32.9 cents; New Jersey, 34.5

cents; Michigan, 40 cents; Colorado, 28.8 cents; Utah, 25 cents (esti-

mated); Wyoming, 45 cents (estimated); Washington, 42 cents;

Oregon, 50 cents (estimated); Arizona, 41.4 cents; New Mexico, 45

cents. General average, 38.5 cents.

In convict camps in the South the negroes form by far the largest

proportion of the population and the food requirements are some-

what different from those of the white prisoners. The food which
they like and to which they are accustomed, consists mainly of salt

fat pork, com meal, white flour, molasses, salt fish, cowpeas, beans,

potatoes, and a limited amount of green vegetables and fruit. These

foods may be combined in such a manner as to make a well-balanced

diet quite suitable for supplying the needs of the negro laborer.

When the diet is limited to these few articles of food, however, much
greater care is necessary in order that the protein content may not

fall too low. Cowpeas, beans, and salt fish contain protein in

greater proportions than the other foods and it is very important
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that these should be served regularly and in suitable amounts. With-

out their use the diet will become one-sided, and the consequences

previously mentioned in connection with insufficient protein will

follow.

In all southern convict camps it is the endeavor to serve fresh

meat, usually beef, either once or twice a week. This forms a very

valuable addition to the diet in the way of protein food, and is a

pleasing variation from the regular bill of fare. The proportion of

fresh meat used is, of course, very small as compared with the amount
furnished in the diets of the eastern and western camps. It is

estimated that in the average diet in the southern camps beans and

peas furnished about 22 per cent of the total proteins and 8 per cent

of the total energy, while in the ordinary diet of the free working

man beans and peas form from 3 to 4 per cent of the total proteins

and 1 per cent of the total energy, the difference being made up
largely of the higher priced animal protein of fresh meat.

It is well known that the protein constituents of fresh meat and
fish are more like the human body in composition, and so are more
thoroughly digested and assimulated than the protein of peas and

beans, and a common experience after eating these latter foods in any
quantity is the occurrence in the intestines of what is known as

flatulence or gas. Convicts at hard labor on the roads, however,

seem to experience little difficulty in digesting these foods and in

assimilating a high percentage of their proteins. The fact that peas

and beans are furnished as a regular part of the ration, and in com-
bination with such other foods as salt pork, bread, vegetables, salt

fish, molasses, and coffee is important, because it probably makes
their digestion and assimilation more thorough. At most convict

camps the ration of dry peas or beans seldom exceeds 4 ounces.

This is an amount which experience has shown to be reasonable in the

diet of a man at hard labor, but it is doubtful if the quantity should

be exceeded except under extraordinary circumstances.

That the food provided is satisfactory in general is best shown by
the testimony and state of nutrition of the convicts themselves.

They do not complain of the food, although perfectly free to find

fault with other conditions. Save an occasional longing for a lemon,

a pickle, a piece of cake, or some ice cream, they have no suggestions

to offer in regard to the diet, and express themselves as being well

satisfied.

Negro convicts at work on the roads were serving sentences of from

10 days to life, and although the majority were perhaps short-term

men, a number of prisoners who had lived in the camps for periods

of from one to s(!Von years came und(!r obs(^rvation. These men were

almost invariably well nourished and in good condition as far as the
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effects of food were concerned. While it was impossible, in the time

available, to obtain records of the loss or gain in weight of convicts

assigned to road camps, it was asserted very generally and emphat-

ically by camp physicians and superintendents, prison officials, and

others having an intimate knowledge of convict camps, that there

was, as a rule, a distinct gain in weight and a general betterment in

the physical condition of the men after entering the camp. Of this

there is scarcely a doubt, for although camp conditions may be far

from what they ought to be, they are in many cases better than those

to which the prisoners have been accustomed before their arrest, and

they are most assuredly far superior to those of many of the jails in

which men are oftentimes confined for several months before sentence

to the road camps. In writing of the food in the jails of one of the

Southern States, the State prison inspector says:

Prisoners in the jail of are fed by the sheriffs without supervision of any kind

whatsoever. The food usually consists of a small piece of salt side meat, about three

tablespoons full of beans or peas, and a "hunk" of poorly made corn bread, said bread

usually being made of meal and water without grease. The sheriffs are recompensed

by the State for feeding the prisoners as follows: From 1 to 10 prisoners, for each

prisoner, 60 cents per day; for more than 10 and not exceeding 20 prisoners, 50 cents

per day; for more than 20 and not exceeding 40 prisoners, 40 cents per day; for more

than 40 prisoners, 30 cents per day. In most of the jails only two meals are served

daily.

I estimate (and base my figures on frequent inspections and close observations of

the meals served, and from reports received) that in one jail in our State the profit to

the sheriff is no less than |1,000 a month on his feed bill alone. This is a woeful

waste of the State's funds, and should be remedied by some legislative enactment.

Surely the road camps are an improvement over this, and a gain

in weight after a period in jail is to be expected.

Diseases such as scurvy, beriberi, and pellagra, which might

result from a one-sided or eccentric diet, were diligently sought for,

but were conspicuous by their absence, with the single exception of a

camp in South Carolina, where, in 1910, 17 cases of beriberi had oc-

curred, and in 1914 five cases of pellagra had developed, resulting in

two deaths. It was impossible to obtain from the records of this

camp accurate detailed information in regard to the kinds of food

which had been used and the amounts consumed, but it may be

said safely that such information, could it be accurately obtained,

would reveal the fact that the food actually consumed by the stricken

men was in some way faulty. It was said that in 1910, when beriberi

broke out at the camp, the diet consisted of hominy, salt pork, some
kind of fresh vegetable every day, corn bread and molasses, and
occasionally potatoes. Fresh meat usually was provided about twice

a week. Rice never was served. After the occurrence of the 17

cases of beriberi the location of the camp was changed, and the diet

received additions in the form of peas, beans, salt herring, canned
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tomatoes, white bread, and rice. These foods are now served as

follows

:

Breakfast:

Hominy grits.

Fried bacon.

White bread.

Molasses.

Coffee with sugar.

Canned tomatoes (average two days a week).

Salt herring (average one day a week).

Dinner:

Stewed beans, or stewed cowpeas, or Irish or sweet potatoes, or cabbage

(rarely), or green vegetables.

Boiled rice (daily).

Boiled bacon.

Bread (very seldom have bread for dinner).

Supper:

Hominy grits.

Fried bacon.

White bread with sugar or sirup.

Com meal is very seldom used at this camp. Fresh meat is sup-

posed to be served once a week, but it is not always possible to obtain

it as often as that, and at the time of the visit the cook said that no
fresh meat had been served for two months.

After this diet had been in use for about a year, two cases of pella-

gra developed. They are reported to have recovered after two or three

months with no special treatment and no change of diet. From that

time up to 1914 sporadic cases have occurred, but have seemed to

recover. In 1914 four more cases of pellagra developed, all at about

the same time. Two of the stricken men had been in the camp for

more than a year, and the other two for about four months each.

Two of these cases died in about six months from the time the dis-

ease was first noticed, and the other two made an apparent recovery,

and were discharged from the camp at the expiration of their terms.

The following tables are fair examples of the meals served in con-

vict camps in the Southern States

:

Virginia: Cost of Ration about 11 Cents per Day.

The food materials and the quantities in which they are intended

to be used are as follows

:

Ration
(ounces).

Salt fat pork (plates) 7

Fresh meat (Sundays and holidays) ] 2

White flour 8^

Com meal 7^

Dried beans or peas 5J

Saltfi-sh 4

Potatoes JO

Cabbage 13

Ration
(ounces).

Salad 13

Turnips 16

String beans 13

Rice 14

Dried apples or peaches 2f
Sugar i
Molasses 4

Coffee J
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These foods are commonly served in the following manner:

Breakfast:

Fried salt pork.

White biscuit (tliree times a week).

Corn bread (four tiraes a week).

Molasses.

Coffee.

Dinner:

Stewed beans or peas, or one other vegetable.

Boiled pork (cooked with the beans or vegetable).

Corn bread.

Supper:

Salt herring.

White biscuit (three times a week).

Com bread (four times a week).

Stewed dried fruit.

Molasses.

A stew of fresh meat and vegetables is provided on Sundays and

holidays, and peas or beans are served four times a week, on an aver-

age. A dinner consisting of boiled pork, corn bread, and some
vegetable is served about twice a week.

At one Virginia camp the officer in charge was able to raise fresh

vegetables at the camp and to fimiish the men with a greater variety

of food than would have been possible otherwise. The money saved

by raising vegetables at the camp was expended in pickles and a few

other luxuries, which added vastly to the satisfaction of the men.

North Caeolina: Cost of Ration About 21 Cents.

Breakfast:

Fried salt pork.

White biscuit.

Molasses.

Coffee, with sugar.

Dinner:

Stewed peas or beans (about three times a week) or cabbage or Irish potatoes

or any other vegetable procurable.

Boiled salt pork.

Corn bread.

Supper:

Fried salt pork.

Corn bread or white biscuit.

Fresh beef (served twice a week).

Bread pudding or preserves (served once a week).

Molasses.

Coffee.

South Carolina: Cost of Ration About 18 Cents.

Breakfast:

Hominy grits.

Corn bread or white biscuit.

Fried salt pork.

Coffee (not every day).

Buttermilk on an average of once in two weeks.

Molasses.



CONVICT LABOK FOE EOAD WOEK. 169

Dinner:

Stewed peas or beans (about four times a week) or potatoes or cabbage or

gi'eens or any other vegetable procurable.

Soup at rare intervals.

Boiled salt pork.

Corn bread.

Molasses.

Supper:

Same as breakfast, except flour bread instead of corn bread and salt fish

instead of pork sometimes.

Fresh meat is served once a week when it can be obtained.

Georgia: Cost op Ration About 20 Cents Per Day.

The Prison Commission of Georgia has prescribed the following

ration list as the minimum food allowance which may be given to

convicts employed in the road camps

:

Ounces.

Sirup (3 times a week) 2

Vegetables (.3 meals a week) 6.4

Coffee (1 cup at breakfast) 32

Salt 64

Pepper 02

Vinegar 32

Ounces.

Salt pork 12

Fresh pork, beef, mutton, or kid

(twice each week) 16

Corn meal 9.6

TMieat bread (3 meals per week),

flour per meal. . 2.4

Baking powder 16

The meals actually served at the camps are more liberal than these

allowances would indicate. The following is a fair sample:

Breakfast:

WTiite biscuit (from 2.4 ounces flour).

. Fried salt pork, 4 ounces.

Molasses.

Coffee.

Dinner:

Fresh meat, 16 ounces (two days a week).

Stewed peas or beans, 4 ounces (three or four days a week).

Some seasonable vegetable when peas or beans are not given.

Boiled salt pork, 4 ounces (when fresh meat is not provided).

Com bread (as much as desired).

Supper:

Salt fish, 5 ounces.

Boiled rice or left-over vegetable.

Com bread.

Molaases.

Many of the camps are supplied with fresh vegetables raised on the

convict farms. An attempt is made to vary the vegetables as much as

possible.
Florida: Cost op Ration About 25 Cents.

Breakfast:

Rice or hominy grits.

Corn l^read or white bis^juit.

Fried salt pork (with tomato sauce occasionally).

Coffoe, with sugar and condensed milk.

Molaeaes.
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Dinner:

Fresh meat (twice a week).

Stewed peas or beans (three or four times a week).

Some readily procurable vegetable when peas or beans are not used.

Boiled pork (cooked with beans or vegetables)

.

Com bread.

Supper:

Cabbage or turnips or potatoes or yams.

Fried salt pork.

Com. bread.

Molasses.

Alabama: Cost of Ration 12 to 15 Cents.

Breakfast

:

Hominy grits.

Hashed or browned potatoes with gravy or salt pork.

White bread.

Coffee, with sugar.

Dinner:

Stewed peas or beans or boiled cabbage once a week.

Boiled salt pork.

Com bread.

Supper:

White bread.

Cold beans or peas (if desired) or salt fat pork.

Molasses.

Coffee.

Beef stew with Irish, potatoes is served once a week, and sweet

potatoes, boiled or baked, are served twice a week in addition to the

regular food.

Texas: Cost of Ration about 33 Cents.

Breakfast:

Boiled rice.

Hot biscuits. —
Fried potatoes.

Fried salt pork.

Molasses.

Coffee.

Dioner:

Fresh meat twice a week.

Stewed beans or peas (daily except when fresh meat is used).

Boiled cabbage, or potatoes, or some other vegetable (daily).

Boiled salt pork.

Bread pudding or stewed fmit.

White or com bread.

Coffee.

Supper:

Hot biscuits.

Cold left-over vegetables.

Fried salt pork, or cold left-over meat.

Molasses.
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This is an excellent bill of fare. The camp, however, was composed
entirely of white prisoners who were working under the honor system.

In only one camp visited was the following type of "contract" sys-

tem in use. The superintendent had the contract for feeding the

men and received 40 cents apiece per day for the first 20 men and
35 cents for each man over. The camp was composed of 45 convicts.

The following table is a comparison between the food served at this

camp imder the contract system and the food served at a similar camp
in an adjoining county where the bills for food were paid directly by
the comity. The food at both camps was satisfactory in regard to

quantity served.

Cost of Food Supplied by Contract and by County.

Food by contract at 40 cents for first 20 men and 35 cents for each man after—45

convicts.

Breakfast:

Grits.

White biscuit.

Fried bacon.

Molasses.

Coffee with sugar.

Dinner:

Stewed beans, or peas, or cabbage.

Boiled bacon.

Irish or sweet potatoes.

Com bread.

Fresh green vegetables occasionally.

(Fresh meat on Sunday.)

Supper:

Same as breakfast, except rice instead of grits.

Food paid for directly by county at the rate of 24 cents per man per day—30 convicts.

Breakfast:

Rice or grits.

White biscuit.

Fried bacon.

Peas or beans (left-overs).

Molasses.

Coffee, with sugar or molasses.

Dinner:

Stewed beans or peas, or turnips, or cabbage.

Boiled potatoes (white or yams)

.

Boiled bacon.

Com bread.

Fresh green vegetables occasionally.

(Fresh meat or fish on Sunday when location of camp permits.)

Supper:

Same as breakfast.
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On the basis of 45 men to each camp the county ,which paid directly

for the food would save $73.50 per month and $882 per year, and

could if it desired expend this sum in improving the camp.

In all of the foregoing diet tables there is a striking similarity in

the character of the food, but except in a few instances quantities are

not given, because accurate detailed information could not be ob-

tained. An intensive dietary study to determine the fuel value of

the food actually consumed and the amounts of the food constituents,

while of great interest, was beyond the scope of this investigation.

Most of the diets would be improved by the addition of a few inex-

pensive food materials, such as vinegar, pickles, stewed dried fruits

and uncooked green vegetables from time to time as opportunity

affords.

Vinegar, for beans and certain vegetables, and pickles are actually

craved by many of the negro convicts. While these materials add

httle, if any, fuel value to the food, they contain certain acid sub-

stances of which the body may be in need. In cases where they

would add greatly to the satisfaction of the men there can be no reason

for not providing them.

Stewed dried fruits, cooked unripe green fruits stewed with sugar,

and fresh fruits are a valuable part of any diet. They are pleasing

to the taste, add variety, and contain important mineral salts. They
may be used in the place of desserts, and should be served daily in

some form.

Fresh uncooked green vegetables, such as cabbage, onions, radishes,

tomatoes, and the hke, form healthful additions to the diet and should

be served whenever practicable. It is very essential, however, that

they should be washed thoroughly in clean water and not come into

contact with dirty hands or filth before being served.

DIET TABLES FOR CONVICT CAMPS.

The following diet tables (18 to 25) have been designed for the pur-

pose of meeting the pecuhar requirements of convict camps so far

as it is possible to do so. It is beheved that these tables are composed
of the cheapest food materials that can properly be used in the feeding

of convicts, and that the amounts and proportions are such as to

insure a well-balanced diet of sufficient food value to maintain a man
at hard muscular labor. The food requirements of individuals differ

considerably and are also influenced markedly by the amount of hard

labor actually performed. It is not to be expected that men on yard

work about the camp will require the same amount of food as those

engaged in pick and shovel work on the road. Actual experience

alone can determine the exact requirements of the camp as a whole.
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These tables, as well as the entire discussion pertaining to the sub-

ject of food, have been approved by the Office of Home Economics

of this department, whose cooperation was sought and whose helpful

suggestions have been much appreciated.

Table 18.

—

Diet without fresh meat.

[Ration, 17.4 cents.]

Foodstuff. Ounces. Proteins. Pats.
Carbo-

hydrates.

Cost per
pound
(esti-

mated).

Cost per
ration
(•esti-

mated).

White flour (or Graham or whole-wheat
flour) 8

8

8

4

16
5

lA
X

2

\

Ounces.
1. 064
.736
.592
.900
.2S8
.950
.027

Ounces.
0.120
.152

5.320
.072
.016
.020

Ounces.
5.816
6.032

$0.04
.025
.12
.06
.015
.09
.12
.06
.05
.16

?0.02
Com meal .013
Salt fat pork (plates, backs, bellies.)

Navy beans
.06

2.384
2.350

.015
Potatoes (Irish, sweet, or yams) .015
Salt codfish .03

.933

.500
1.40

.009

.002
Molasses .006
Coffee (1 cup) , .004

Solids 53^ 4.557
524

5.700
1,442

19. 415
2,212

.174
Calories

Total calories 4, 178.

Nutritive ratio, 1: 6.9.

Ratio fat to carbohydrate, 1: 1.5.

Breakfast:

TMiite or Graham biscuit.

Fried pork, 4 ounces.

Molasses, 2 ounces.

Sugar, one-half ounce, with coffee.

Coffee, 1 cup.

Dinner:

Com bread (from corn meal, 8 ounces.)

Stewed beans (from dried beans, 4 ounces.)

Boiled salt pork, 4 ounces (boiled with beans.)

Supper:

Stewed codfish (milk sauce. )^

Boiled potatoes, 16 ounces.

Stewed fruit.

WTiite or Graham biscuit.

Freeh green vegetables or fruits, in season, cooked or uncooked, should b-e added to

thJB diet; also pickles in reasonable amounts.

I To prepare a milk sauce for codfish and for moistening potatoes: Add 1 ounce condensed milk to 1

ounce water. Season with salt and pepper. Heat and thicken slightly with a little flour dissolved in

cold water. Add a little finely chopped pickle and pour over fish. Extra cost=t cent.
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Table 19.

—

Diet without fresh meat.

[Ration, 16.3 cents.]

Foodstuff. Ounces. Proteins. Fats.
Carbo-

hydrates.

Cost per
pound
(esti-

mated).

Cost per
ration
(esti-

mated).

White flour (or Graham or whole-wheat
flour) 8

8
2
4

8
12
1

5

i
2

Ounces.
1.064
.736
.322
.984
.592
.216
.014
1.025
.027

Ounces.
0.120
.152
.144
.040
5.320
.012
.003
.440

Ounces.
5.816
6.032
1.350
2.480

W.04
.025
.04
.06
.12
.015
.02
.05
.12
.06
.05
.16

$0.02
.013

Oatmeal (or hominy grits) .005
.015

Salt fat pork (plates, back, bellies) .06
1.764
.089

.012

.001
Salt flsh (herring, mackerel) .016

.933

.500
1.40

.009
Sugar .002

.006
Coffee .004

Solids B2-} 4.980
581

6.231
1,569

20. 364
2,394

.163

Total calories, 4,544.

Nutritive ratio, 1: 6.8.

Ratio fat to carbohydrate, 1: 1.5.

Breakfast:

White or Graham biscuit.

Oatmeal mush or grits.

Fried pork, 4 ounces.

Sirup, 2 ounces.

Sugar, one-half ounce, with coffee.

Coffee (1 cup), two-fifths ounce.

Dinner:

Corn bread (from corn meal), 8 ounces.

Stewed peas (from dried peas), 4 ounces.

Boiled salt pork, 4 ounces (boiled with peas).

Supper:

Broiled salt fish.

Lyonnaise potatoes.^

Stewed fruit.

White or Graham biscuit.

1 Lyonnaise potatoes: BoU potatoes until soft. Peel, slice crosswise. Slice 1 ounce onion to each ration.

Brown in fat in frying fan. Add to potatoes. Season with salt, pepper, and enough fat to moisten.

Bake in pan in oven 30 minutes.
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Table 20.

—

Diet without fresh meat.

[Ration, 15.4 cents.]
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Foodstuff. Ounces. Protein. Fats.
Carbo-

hydrates.

Cost per
pound
(esti-

mated).

Cost per
ration
(esti-

mated).

"White flour (or Graham or whole-wheat
flour) 8

8

4

8

2.4
1.5
12
1.3
.5

4

.4

Ounces.
1.064
.736
.900
.592
.322
.314
.168
.027

Ounces.
0.120
.152
.072

5.320
.022
.015
.024

Ounces.
5.816
6.032
2.384

$0.04
.025
.06
.12
.10
.18
.01
.12
.06
.05
.16

10 02
013
015

Salt "fat pork 06
Macaroni ... 1.778

.064

.576

.933

.500
2.800

002
Cheese 009
Cabbage or turnips or other freshvegetables.
Dried fruit

.008
009

Sugar .002
Molasses 012
Coflee .004

Solids 50.1 4.123
467

5.725
1,442

20. 883
2,394

154
Calories

Total calories, 4,303.

Nutritive ratio, 1:8.

Ratio fat to carbohydrate, 1: 1.6.

Breakfast:

Hot wheat cakes (see recipe No. 7).

Fried pork, 4 ounces.

Molasses, 2 ounces.

Sugar, one-half ounce, with coffee.

Coffee (1 cup), two-fifths ounce.

Dinner: .

Baked beans, 4 ounces.

Salt fat pork, 4 ounces, baked with beans.

Com bread (fi'om 8 ounces corn meal).

Supper:

Baked macaroni and cheese (see recipe No. 30).

Cabbage, or turnip, or other vegetable, 12 ounces.

Stewed fruit.

^Miite or Gratam biscuit.

Serve pickles with beans and vinegar with cabbage.

53577°—Bull. 414—16 12
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Table 21.

—

Diet without fresh meat.

[Ration, 19 cents.]

Foodstuff. Ounces. Protein. Fats.
Carbo-

hydrates.

Cost per
pound
(esti-

mated).

Cost per
ration
(esti-

mated).

"White flour (or Graham or whole-wheat
flour) 8

4

1

1

2
1

24

3
4

5

i
4

1

Ounces.
1.064
.368
.096

Ounces.
0.120
.76
.093
.940
.006
.003
.024

1.077
1.104
.440

Ounces.
5.816
3.016
1.120
.940

1.580
.089

3.525
.009
.123
1.580
.933
.500

2.80

W.04
.025
.10
.12
.06
.02
.015
.18

0.24
.05
.12
.06
.05

SO. 02
.007
.007
.008

Rice .16
.014
.432
.864
.838

1.025
.027

.007

.001

.023

.034

.04

Salt fish .016

Dried fruit .009
.002
.012

Coffee .004

Solids 57i 4.883
559

4.567
1,129

22.031
2,508

.190

a Dozen.

Total calories, 4,206.

Nutritive ratio, 1: 6.5.

Ratio fat to carbohydrate, 1:2.2.

Breakfast:

Corn-meal mush (from 4 ounces corn meal) (see recipe No. 3).

Fried potatoes, 8 ounces.^

White or Graham biscuits.

Molasses, 4 ounces.

Sugar, one-half ounce, with coffee.

Coffee (1 cup), two-fifths ounce.

Dinner:

eese, ou c s, l^^j^ bread, as sandwiches.
Fried eggs (2) J

'

Fried rice and onions (see recipe No. 32).

Supper:

Broiled salt fish.

Potatoes, mashed, 16 ounces.^

Stewed fruit.

White or Graham biscuits.

1 Fried potatoes: Boil imtil soft. Peel, slice crosswise. Season with salt, adding one^half ounce oleo-

margarine or grease to each ration. Spread over bottom of well-greased bake pan to depth of 2 inches and

bake in hot oven 30 minutes.

2 Mashed potatoes: Boil until soft. Peel. Mash well. Add one-half ounce oleomargarine or grease

and 1 ounce condensed milk to each ration. Season with salt. Mix thoroughly. Serve hot.
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Table 22.

—

Diet without fresh meat.

[Rations 18.3 cents.]

Foodstufi. Ounces. Proteins. Fats.
Carbo-

hydrates.

Cost per
pound
(esti-

mated).

Cost per
ration
(esti-

mated).

WMte flour (or Graham or whole-wheat
flour) - 8

8

2
8
4

16
1

3
lA

1

Ounces.
1.064
.736
.166
.592
.984
.288
.014
.864
.027

Ounces.
0.120
.152
.012

5.320
.040
.016
.003
1.077

Ounces.
5.816
6.032
1.580

$0.04
.025
.03
.12
.06
.015
.02
.18
.12
.06
.05

SO. 02
.013
.004
.06

2.480
2.350
.089
.009
.933
.500
1.40

.015

.015

.001

Cheese .034
.009
.002
.006

Coffee .16 .004

Solids 54i
. 4.735

536
5.740
1,442

21. 189

2,394
.183

Total calories, 4,372.

Nutritive ratio, 1:7.1

Ratio fat to carbohydrate, 1:1.6

Breakfast:

White or Graham biscuit.

Hominy grits (boiled or fried).

Fried salt pork, 3 ounces.

Molasses, 2 ounces.

Sugar, one-half ounce with coffee.

Coffee, two-fifths ounce.

Dinner:

Stewed peas.

Com bread.

Salt fat pork, 4 ounces (stewed with peas).

Supper:

Potatoes, 16 ounces.'

Onions, 1 ounce.

Vinegar, 1 ounce. ^Potato salad.

Water, 1 ounce.

Bacon, 1 ounce.

Cheese, 3 ounces.

Stewed fruit.

WTiite or Graham biscuit.

iPotatosalad: f5oil potatoes until well done. Peel. Cut into thin slices. Cut onions into small pieces.

Place onions and potatoes together in large dish. Cut bacon into small squares, fry until brown, and
while still hot, darsh over the potato. Add the vinegar and water. Mix well. Pepper and salt to taste

and allow to stand 2 hours before serving.
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Table 23.

—

Diet without fresh meat.

[Ration 19.2 cents.]

Foodstuff. Ounces. Proteins. Fats.
Carbo-

hydrates.

Cost per
pound
(esti-

mated).

Cost per
ration
(esti-

mated).

Wliite flour (or Graham or whole-wheat
16
2
4

8
3
2
13
8

i
2

1

Ounces.
2.128
.166
.900
.592
.864
.028
.182
.144
.027

Ounces.
0.240
.012
.072

5.320
1.077
.006
.026
.008

Ounces.
11.632
1.580
2.384

SO. 04
.03
.06
.12
.18
.02
.01
.015
.12
.06
.05
.16

W.04
.004
.015
.06

.009

.089

.624
1.175
.933
.500
1.40

.034

.002

Cabbage,or other vegetable except potatoes. .008
.008
.009
.002
.006
.004

Solids 62J 5.031
570

6.521
1,645

19.326
2,166

.192

Total calories, 4,381.

Nutritive ratio, 1:6.6.

Ratio fat to carbohydrate, 1:1.3.

Breakfast:

White or Graham biscuit.

Oatmeal, hominy, or corn meal (boiled or fried).

Fried pork, 4 ounces.

Molasses, 2 ounces.

Sugar, one-half ounce with coffee.

Coffee (1 cup), two-fifths ounce.

Dinner:

Boiled cabbage, or other vegetable, 13 ounces.

Boiled salt pork, 4 ounces (cooked with vegetables).

White or Graham biscuit.

Supper:

Dry stewed beans, mashed, 4 ounces.

Grated cheese, 3 ounces.

Bread crumbs, 3 ounces.

Grated onion, 2 ounces.

Baked potatoes, 8 ounces.

Stewed fruit.

White or Graham biscuit.

Mix together, roll into loaf,

oven.
Bake in
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Table 24.

—

Diet with fresh meat.

[Ration, 21 cents.]
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Foodstuff. Ounces. Protein. Fats.
Carbo-

hydrates.

Cost per
pound
(esti-

mated).

Cost per
ration
(esti-

mated).

Fresh meat (as purchased) 14

16
2
2
16
1

1

3
4

It
4

Ownces.
2

2.128
.16
.166
.288
.009
.011

.042

.296

.027

Ounces.
1.320

.240

.006

.012

.016

.001

.004

.009
2.660

Ounces.
SO. 10

.04

.06

.03

.015

.02

.02

.02

.12

.12

.06

.05

.16

SO 088
White flour (or Graham or whole-wheat

flour) 11.632
1.580
1.580
2.350
.057
.093
.267

.04
Rice.. 007
Hominy or oatmeal or corn meal .004
Potatoes .015
Turnips .001
Carrots .001
Onions.. 003
Salt fat pork .03
Dried fruit .933

.500
2.80

009
Sugar .002
Molasses .006
Coffee .004

Solids 65i 5.127
570

4.268
1,063

21. 792
2,485

.21
Calories

Total calories, 4,118.

Nutritive ratio, 1:6.

Ratio fat to carbohydrate, 1: 2.3.

Breakfast:

Hominy, oatmeal, or corn-meal mush (from 2 ounces meal).

Fried salt pork, 4 ounces.

White or Graham bread or biscuit.

Molasses, 2 ounces.

Sugar, one-half ounce with coffee.

Coffee, two-fifths ounce.

Dinner:

Meat stew

—

14 ounces meat.

16 ounces potato.

1 ounce turnips.

1 ounce carrots.

1 ounce onions.

White or Graham bread or biscuit.

Supper:

Boiled rice (from 2 ounces rice).

Molasses, 2 ounces.

White or Graham bread or biscuit.

Stewed fruit.
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Table 25.

—

Diet with corned beef or fresh fish.

[Ration, 19.5 cents.]

Foodstuff. Ounces. Protein. Fats.
Carbo-

hydrates.

Cost per
pound
(esti-

mated).

Cost per
ration
(esti-

mated).

Fresh fish (or corned beef, 12 ounces). .. .

.

White flour (or Graham or whole-wheat
flour)

12

16
2

16
3
2

3'

2\

Ounces.
1.533

2.128
.166
.288
.402
.192

Ounces.
3.612

.240

.012

.016

.027

.186

.470

.009

Ounces.
SO. 10

.04

.03

.015

.10

.10

.12

.02

.12

.06

.05

.16

• 80. 075

11.620
1.5S0
2.350
2.223
.224

.04
Hominy, oatmeal, or com meal .004
Potatoes .015
Macaroni .02
Condensed milk .013
Oleomargarine or fat .004
Onions .042

.027
.267
.933
.500

1.40

.003
Dried fruit .009
Sugar .002
Molasses .006
CoSee .004

Solids 58ft 4.778
547

4.572
1,163

21.097
2,394

.195
Calories

Total calories, 4,104.

Nutritive ratio, 1:6.5.

Ratio fat to carbohydrate, 1: 2.

Breakfast:

Boiled hominy, oatmeal, or corn meal (from 2 ounces dry meal).

Molasses, 2 ounces.

White or Graham bread or biscuit.

Coffee.

Dinner:

Fresh fish, 12 ounces.

Boiled potatoes.

Boiled onions.

White or Graham bread or biscuit.

Or corned-beef hash

—

Corned beef.

Potatoes.

Onions.

White or Graham bread or biscuit.

Supper:

Boiled macaroni.

Milk sauce (for macaroni)

.

Stewed fruit.

White or Graham bread or biscuit.

GARRISON RATION, UNITED STATES ARMY.

The United States War Department after long experience in the

feeding of soldiers has determined accm-ately the kinds and quan-

tities of food materials believed to be best suited to their needs.

Fresh meats are ordinarily issued 7 days in 10 and bacon 3 days.

The ration includes practically all of the common foods and admits

of many combinations which insure variety. It may, however, be

supplemented by fresh vegetables and fruits of all kinds when they

can be obtained from a post garden or any other convenient source.
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The average garrison ration, consisting of fresh beef, soft bread, beans,

potatoes, and onions, dried fruit, butter, sirup, and sugar (or their

ai'ticles of substitution), weighs 65 ounces and contains about 5.5

ounces of proteins, 3.5 ounces of fats, and 17.3 ounces of carbohy-

drates, with a total fuel value of 3,536 calories. This is about 600

calories less than are usually recommended for men at continued hard

muscular labor, such as the building of roads.

The average cost of the garrison ration is now about 27 cents.

Table 2Q.—Garrison ration, United States Army.

[Issued to troops in garrison, in permanent camp, and during maneuvers.]

Article. Quantity. Substitute article. Quantity.

Beefjfreslu

Flour

Baking powder

Beans

Potatoes

Prunes

Coffee, roasted and
ground

.

Sugar
Milk, evaporated,
unsweetened.

Vinegar gill.

Salt
Pepper, black

Cinnamon

Lard
Butter
Sirup gill-

Flavoring extract,
lemon.

Ounces.

20

.08

2.4

20

1.28

1.12

3.2
.5

.64

.04

.014

.64

.5

.32

.014

Mutton, fresh.
Bacon.
Canned meat, when impracticable to furnish fresh meat
Hash, corned beef, when impracticable to furnish fresh
meat.

Fish, dried
Fish, pickled
Fish, canned
.Chicken or turkey, dressed, on national holidays
Hard bread, to be ordered issued only when impracticable
to use fiour or soft bread.

Soft bread
Corn meal

fRice
\Hominy
Potatoes, canned
Onions, in place of an equal quantity of potatoes, but not
exceeding 20 per cent of the totalissue of potatoes.

Tomatoes , canned , in place of an equal quantity of potatoes,
but not exceeding 20 per cent of the totalissue of potatoes.

Other fresh vegetables (not canned) when they can be ob-
tained in the vicinity or transported in a wholesome con-
dition from a distance, in place of an equal quantity of
potatoes, but not exceeding 30 per cent of the total issue
of potatoes.

Peaches, dried or evaporated
Apples, dried or evaporated
Jam, in place of an equal quantity of prunes, but not to
exceed 50 per cent of the total issue of prunes.

Coffee, roasted and ground
Coffee, green
Tea, black or green

Pickles, cucumber, in lilace of an equal quantity of vinp-
gar, but not exceeding 50 per cent of the total issue of
vinegar.

Cloves..
Ginger .

.

Nutmeg.

Oleomargarine.

Vanilla

Ounces.
20
12
16
16

14

18
16
16
16

18
20

1.6
1.6

15

1.28
1.28

1.12
1.4
.32

.014

.014

.014

.5

.'6i4

The following recipes for the preparation of some of the commonly
used foods arc taken from the Manual for Army Cooks, War Depart-

ment Document No. 379. The quantities given are based upon those

prescribed in the Army ration and are intended to be used in combi-
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nation with the other foods in the ration. They may, however, be

easily modified to meet any requirements.

1. Milk for breakfast foods. Ingredients used: Two 1-pound cans evaporated milk;

8 ounces sugar. Add a pinch of salt and sufficient water to make 1 gallon. Whip well

a few minutes. This recipe is sufficient for about 20 men.

2. Coffee (for 60 men). Coffee is generally served for breakfast and dinner and

should always be prepared fresh at least once a day. The following method is sug-

gested:

Breakfast: Put 7^ gallons of water in the boiler and let come to a boil; add 21 pounds

roasted and ground coffee, and remove from the range immediately. Allow to stand

15 minutes; add one pint of cold water, and allow to stand a few minutes longer before

serving.

To sweeten, add 4 or 5 ounces of sugar to each gallon.

Dinner: Allow the grounds to remain in the boiler and add sufficient water to make

7J gallons; allow to come to a boil and add 3 ounces of coffee, roasted and ground, for

each gallon of fresh water used; remove from the range and allow to stand 15 minutes;

add a pint of cold water, and allow to stand a few minutes before serving.

Coffee should be made for immediate use only.

3. Corn-meal mush (for 60 men). Ingredients used: Six pounds com meal; 1^

pounds sugar, if not on table; 1 ounce salt; 4 gallons water.

Allow the water to come to a boil and pour in the corn meal, meanwhile whipping
well to prevent prevent lumping. Allow to cook for about 20 minutes, and then allow

to stand about the same length of time where it will remain hot.

Place in vegetable dishes and serve hot with fresh or evaporated milk poured over it.

4. Corn-meal mush, fried (for 60 men). Ingredients: Seven pounds corn meal; 4

gallons water; 2 ounces salt; 2 ounces sugar.

Prepare in the same manner as corn-meal mush; pour into a well-greased bake pan
to a depth of about 1 inch and allow to cool. When cool cut into pieces about 2 inches

square; roll in a flour batter and fry in deep lard. Serve hot with sirup.

This preparation may be improved by dipping each piece in an egg batter before

rolling in flour.

5. Oatmeal mush (for 60 men). Ingredients: Five pounds oatmeal; J pound sugar;

1 ounce salt; 6 cans evaporated milk; 3^ gallons water.

Place the water in a boiler and allow it to come to a boil; whip the oatmeal in slowly

and allow to boil for five minutes. Let simmer one-half hoiur and serve with milk and
sugar.

6. Hominy, fried (for 60 men). Ingredients used: Six pounds hominy; 4 gallons

water; 2 ounces salt.

Place the water in a boiler on the range; when boiUng add the hominy and boil

from 20 to 30 minutes; remove from the boiler, spread about 1 inch deep in well-

greased pans, and allow to cool; cut into pieces about 2 inches square; roll in flour

and fry in deep lard. Serve hot with sirup or butter.

7. Buckwheat cakes (for 60 men). Ingredients used: Five pounds buckwheat
flour; 5 pounds wheat flour; 2J pounds molasses, or 2J pounds sugar; 2 ounces salt;

10 ounces baking powder.

Mix the flour and molasses (or sugar) together, and add sufficient water to make a

stiff batter. When about to make the cakes, grease the griddle with a piece of bacon

or ham, and add the baking powder to each portion immediately before using. If, for

example, one-tenth of the above amount is to be baked at a time, one ounce of the

baking powder should be added to each portion.

Serve hot with butter, sirup, or both.

8. Bacon, fried (for 60 men). Ingredients used, 15 pounds bacon.



CONVICT LABOE FOR EOAD WORK. 183

Cut about five slices to the inch; place in a bake pan and pour boiling water over it,

and allow it to stand for five minutes. Drain off all the water and fry on a hot range or

in a quick oven, when done, remove from the range and allow to cool slightly before

serving.

9. Bacon and cabbage (for 60 men). Ingredients used: 15 pounds bacon, 30 pounds

cabbage.

Wash and clean the cabbage; place in boiler with sufiicient water to three-fourths

cover the cabbage; place the bacon on top of the cabbage; after boiling two hours

remove the bacon and allow the cabbage to boil one hour longer. To prevent dis-

coloration the boiler should be ventilated during the process of cooking. Serve

hot, the bacon being placed on top of the cabbage.

10. Biscuits (for 60 men). Ingi-edients: 10 pounds flour; 1| pounds fat (lard

preferred); 2 ounces sugar; 2 ounces salt; 10 ounces baking powder.

Mix the dry ingredients and sift; work in the lard and mix thoroughly; add suffi-

cient water to make a soft dough; roll out about one-half inch tliick; cut out with a

biscuit cutter and place in bake pan about one-half inch apart; bake in a hot oven

about 10 minutes. Serve hot with butter or sirup.

When using baking powder it is better to use cold water (or milk) and keep in a

cool place before baking.

11. Bread, corn (for 60 men). Ingredients used: 5 pounds corn meal; 3 pounds

flour; 1^ ounces sugar; 8 ounces fat (lard or drippings); 8 ounces baking powder.

Jilix the ingredients and sift; work in the lard and mix thoroughly; add sufficient

water to make a soft dough; spread in bake pan to a depth of 2 inches, and bake

for about 40 minutes.

12. Stock—for use in soups, stews, gravies, potpies, hash, etc.

Save all the bones that come into the kitchen; do not throw them away until all

the nutriment has been extracted as follows: Place the bones in the soup-stock boiler

with sufficient cold water to cover them from 4 to 6 inches, and allow them to simmer

imtil all the particles of meat attached to them have become loose. There will

probably now be sufficient soup stock in the boiler for immediate use. Trim off the

bones, saw or crack them, and place in the boiler again, adding more water if neces-

sary, and leaving the bones in the stock until all the nutriment has been extracted

(this will require from six to nine hours). When boiled beef is prepared, more stock

may be obtained.

13. Stock (definition). The liquid or jelly obtained by boiling meat, bones, etc.,

for several hours in water. It is the basis of most soups made in Army kitchens

14. Meat stew.^

Cut the meat into small pieces, removing the fat; try out the fat and brown the

meat in it. When well browned cover with boiling water, boil for five minutes,

and then cook in a lower temperature until the meat is done. If tender, this will

require about three hours on the stove. Cut potatoes, turnips, carrots, and onions

into small pieces. Add turnips, carrots, onions, pepper and salt during the last hour

of cooking, and the potatoes 15 minutes before serving. Thicken with the flour

diluted with cold water. Such a stew may also be made of mutton. If veal or pork

is used the vegetables may be omitted or simply a little onion used. Sometimes

for variety the browning of the meat is dispensed with.

Almost any bones and trimmings may be used for making soup. Chuck, flank,

neck, fore shank, hind shank, and clod, are among the cheapest cuts of meat and may
be used in making meat stew.

15. Beef, boiled (for 60 men). Ingredients used: 20 pounds beef (shoulder, bris-

ket, plate, flank, shank, or neck).

1 U. 8. Department oi Agriculture, Farmers' Bulletin 391.
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Cut into pieces weighing about 5 pounds each; cover with water, preferably hot,

in order to seal it and retain the juices, and allow to boil from two to three hours,

according to the quality of the beef.

16. Beef, braised (for 60 men). Ingredients used : 22 pounds beef ; 1 pound onions;

2 pounds fat, or butter; i pound flour.

Dice the beef into 1-inch cubes; place the fat in a bake pan and allow to get hot;

then put the beef in, together with the onions; put on the top of range or in a quick

oven and stir frequently for about 20 minutes. Sift the dry flour in and allow to

cook for about five minutes; add sufiicient beef stock to nearly cover the meat and

stir frequently. Season with salt and pepper, and allow to cook until well done.

17. Beef fritters (for 60 men). Ingredients used: 10 pounds cooked meat; 5 pounds

bread; 2 pounds onions.

Soak the bread and remove the water by squeezing with the hands; giind the

meat fine and add to the bread; mince the onions, and mix all together; salt and

pepper to taste; mold into cakes of about 3 ounces each; roll in flour and fry in deep

grease until brown. Serve hot with tomato sauce or gravy.

18. Tomato sauce (for 60 men) . Ingredients used : 6 cans tomatoes; 1 pound onions,

chopped; J oimce cinnamon; J ounce cloves; 2 ounces salt; 2 ounces sugar; J pound

butter; ^ pound flour.

Cook all the ingredients except the flom* and butter, adding 2 quarts of water.

Boil slowly for one and one-half hours. Remove from the range and run through a

fine colander or sieve. Replace on the range and put the batter into a frying pan.

When it becomes hot add the floiu', stir until smooth, and add to the sauce. Excel-

lent for fish, meats, etc.

19. Beef hash (for 60 men;. Ingredients used: 15 pounds potatoes; 2 pounds

onions; 15 pounds meat scraps, etc.; 6 quarts beef stock.

Chop the whole fine and add the beef stock until the mixtmre is of the consistency

of ordinary mush. Place about 3 inches deep in a well-greased pan; smooth the

top evenly with the hand and grease slightly; bake in a medium oven for one and

one-half hours.

Scraps of beef or pork, or a mixtiire of both, or corned beef may be used for making
hash.

In hot weather, or when the ingredients have been held over for some time, the

hash should be spread not more than 2 inches deep in a pan and first placed in a

quick oven until the hash is thoroughly heated through—say 20 minutes. Then the

temperature may be reduced imtil the cooking is done.

20. Beef, pot roast (for 60 men). Ingredients used: 22 pounds beef; 2 pounds

onions; ^ pint vinegar.

Cut the beef into pieces weighing about 5 pounds each; place in a large Dutch

oven or camp kettle, with cover, season well, add onions and vinegar, and place in a hot

oven for about 20 minutes; then reduce the temperature and cook slowly until well

done. The meat should be turned three or four times while cooking. When done,

remove from the kettle and slice; make a thick gravy in the same pot, place the meat

on the platters, and poui' the gravy over it.

Left-overs from this recipe may be used in hash, potpies, etc.

21. Beef potpie (for 60 men). 20 pounds beef ; — gallons stock.

Cut the beef into small pieces, fry slightly in a small amount of grease, and add

sufficient stock, or water, to cover the meat. Allow to simmer until the meat will

nearly fall apart, then season with salt, pepper, and onions. Thicken slightly with

flour batter, and place in a dish or pan at least 2 inches deep, with a crust or biscuits

spread over it. Place in the oven and brown in the same manner as ordinary pies.

22. Potato and beef pie (for 60 men). Ingredients used: 20 pounds potatoes, boiled

and mashed; 12 pounds beef, diced- 3 pounds onions, browned.
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Season the mashed potato with pepper and salt, put a layer of potatoes about half

an inch thick into a vegetable dish, roll the beef in flour, season with salt and pepper,

and fry brown in a little fat; brown the onions and mix with the beef; add a little beef

stock and cook for about 15 minutes; place a thin layer of chopped onions inside of

the layer of potatoes in the vegetable dish; fill up with the mixture of meat. Place a

layer of mashed potatoes on the top and round off nicely. Grease well, and bake until

nicely browned. Serve hot in the dish in wliich baked.

23. Beef hearts stewed (for 60 men). Ingi-edients used: 18 pounds beef hearts; 1^

quarts tomatoes; 1 pound onions, fried; 1 pound flour; 3 gallons beef stock.

Make a gravy of the flom- and beef stock and put on the range; meanwhile split the

heai'ts in two and wash them thoroughly, and when the gravy comes to a boil put them
in. Cook in the oven or on top of the range until done. Slice and serve on a platter

with the graw poured over them. Season with cloves, allspice, bay leaves, a little

garlic, pepper and salt, while cooking.

24. Liver and bacon in gravy (for 60 men). Ingredients used: 15 pounds liver;

8 pounds bacon; 6 pounds onions, browned; 2 pounds flour; 4 gallons stock.

Slice the bacon thin and wash in boiling hot water, not allowing it to remain in the

water more than five minutes; fry quickly until medium well done. Roll the slices

of liver in flom*, and fry in the fat after frying the bacon; add the liver and bacon to

the stock, and bring to a boil; thicken slightly with a flour batter, adding salt and

onions to taste. Serve hot.

25. Codfish, salt, boiled (for 60 men). Ingi-edients used: 20 pounds salt codfish.

Break the fish into pieces weighing about 2 ounces each; allow to boil for 15 minutes

to remove the salt; change the water and boil until done, ordinarily about 30 minutes.

Serve hot with cream sauce.

26. Cream sauce for codfish (for 60 men). Ingi-edients used: 1 pound fat; four

12-oimce cans evaporated milk; J pound onions, minced; | pound pickles, minced
(if convenient).

Thicken 1 gallon of boiUng water with a flour batter, and season well with pepper

and salt; let come to a boil and add the fat, milk, onion, and pickles; whip well and

spread over the fish on the platter.

27. Codfish cakes (for 60 men). Ingredients used: 10 pounds salt codfish; lOpounds
potatoes; 12 eggs.

If whole cod is used, soak, boil, remove the bones, and pass through a meat chopper;

mix with the potatoes and eggs, season to taste with pepper and salt, and mold into

cakes weighing about 3 ounces each. Roll in cracker crumbs or flour and fry in deep

fat. They may be served with tomato gravy.

28. Potatoes, mashed (for 60 men). Ingredients used: 22 pounds potatoes.

Peel, wash in cold water, and boil until thoroughly done. Strain, salt, and mash
well. Instead of the milk and butter often used in this preparation, carefully strained

beef stock and fat may be used. Whip well with a basting spoon for about five minutes

and serve hot.

29. Potatoes, Lyormaise (for 60 men). Ingredients used: 22 pounds potatoes;

2 pounds onions.

Wash the potatoes anu boil them until they may be easily pierced with a fork; peel

and sUce crosswise; wash and slice the onions; fry brown and add to the potatoes.

Season with pepper and salt, adding sufficient fat to moisten, and spread about 2 inches

deep in the bottom of a well-greased pan. Bake about 30 minutes in a quick oven.

30. Macaroni and cheese (for 60 men). Ingredients used: 6 pounds macaroni;

2 pounds cheese, diced.

Add the macaroni to 4 gallons of boiling water, salted to taste; allow to boil about

20 minutes, but not until it becomes flabby, and strain the water off; spread about

one-third of the macaroni in the bottom of a well-greased bake pan; then one-third

of the diced cheese on the macaroni; continue the alternate layers until all is in the

bake pan. Bake in the oven about 30 minufes and serve hot.
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31. Rice boiled (for 60 men). Ingredients used: 5 pounds rice; 3 gallons water.

When the water comes to a boil add the rice. When the rice may be mashed with

the fingers pour into a colander and drain well, after which each gi-ain should be

whole and separate.

32. Rice, fried (for 60 men). Ingredients used: 5 pounds rice; 2 pounds fat;

1 potmd onions, diced.

Boil the rice as in the preceding recipe; place the fat in a bake pan; set on the

range and let come to a smoking temperature; add the onions and let them brown
slightly; add the rice and stir continually with a cake turner to prevent burning and

to mix the gi-ease with it thoroughly. Rice may be cooked in a hot oven and must be

stirred every few minutes. About 15 or 20 minutes are required to fry it.

33. Stewed dried fruit—prunes, apples, peaches, apricots, etc.—(for 60 men).

Ingredients used: 5 pounds dried fruit.

After washing the dried fruit place it in a receptacie with about three times its bulk

of water, and set on a part of a range where it will keep hot but not boil. After two

hours, remove and season to taste with sugar, cinnamon, cloves, or nutmeg, and a

little vinegar.

34. Pudding, bread (for 60 men). Ingi-edients used: 12 pounds bread crusts; 2

pounds dried fruit; 2 pounds sugar; 1 oimce cinnamon; 2 cans evaporated milk; 6 eggs.

Soak the bread in cold water and squeeze out well with the hands; season well

with sugar and cinnamon; mix well, and spread about 1 inch in pans; over this spread

about 1 inch of stewed fruit; then another layer of the bread, and over the top spread

sugar and cinnamon; bake about forty minutes in a medium hot oven. Serve hot

or cold with cream and sauce. This makes an excellent dish and gives an oppor-

tunity to use all the scraps of bread on hand.

SELECTION OF THE COOKS.

Cooks and waiters chosen from the convict force prepare and serve

the food at all camps. Little diificulty is experienced in finding

good cooks in almost any group of fifty or more prisoners, and as

the men assigned to the kitchen work generally are under less restraint

than those working on the roads they accept their duties cheerfully.

The larger camps require intelligent men who are reasonably skillful

in their work, and for this reason the selection is often made at the

penitentiary, the men then being assigned to the camps for the

express purpose of cooking. In certain States such men are exam-
ined by the prison physicians, who are careful to see that they are

not suffering from infectious diseases which would render them dan-

gerous as cooks, and while a bacteriological examination is never

made, in order to rule out the possibility of their being disease car-

riers the prison physicians usually obtain their medical histories

and occasionally administer anti-typhoid vaccine. Such careful

selection of cooks results in very satisfactory conditions at the camps.

The food is well cooked and decently served, the kitchens and mess-

rooms and the cooking and eating utensils, are kept clean and in

good condition, and a general feehng of pride and satisfaction pre-

vails. The plainest foods, when properly cooked and decently

served in clean surroundings, are valued much more highly than

more elaborate articles of food prepared and served in a sloppy

manner.
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Unfortunately the same care in the selection of the cooks is not

used at all camps, and in many cases convicts are sent to the road

camps with no physical examinations whatsoever. From this mis-

cellaneous assortment of men, the superintendent of the camp must
select his cook and kitchen force, and it is almost inevitable that, at

times, he should choose diseased individuals who prove a menace to

the health of the entire camp.

Competent physicians always should examine all persons engaged

in cooking and handling the food, and particular attention should

be directed to the possibility of their being typhoid carriers or

sufferers from tuberculosis. Both of these diseases may be trans-

mitted readily in the food, and many cases are on record which

show the terrible consequences which may follow the employment
of such persons about the food. Individuals who apparently have

recovered entirely from a recent attack of typhoid fever, and others

who have the disease in a very mild form, may show no physical

signs of illness and yet harbor the disease germs in their bodies

and be a dangerous source of food contamination. A recent out-

break of 93 cases of typhoid fever was traced to food contami-

nated during preparation by a woman who had quite recovered from

an attack of typhoid fever. It is known that certain persons may
harbor the germs in their bodies for years after the disease is over,

and this condition can be detected only by proper medical examina-

tion.

Personal cleanliness is a matter of the greatest importance in the

case of those who come in contact with the food, but this is a some-

what variable condition in convict camps, and depends largely upon

the officers in charge of the camp. In many camps the cooks and

others employed about the kitchen and dining room are reasonably

clean, and water, soap and towels are in evidence, with signs of being

used, but at other camps the men and their surroundings are dis-

gustingly dirty and it is useless to inquire when and where they wash.

It should be the duty of every officer in charge of a camp to instruct

cooks, helpers, and waiters as to cleanUness of their persons and

clothing, and to see that adequate faciUties are provided for their

cleanliness. The necessity for washing the hands after visiting the

toilet is not understood in all cases and should be strongly em-

phasized.

It would be well if every camp kitchen could have the sign found

in some weU-managed food factories: "When you leave the room

for any purpose, wash your hands before you return to work."

A bath should be taken daily, especially in warm weather.

Cooks, helpers, and waiters should not be permitted to wear their

ordinary clothing when at work in the kitchen and dining room. It

is a conmion custom to use the yardmen as waiters during meal
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hours. These men, after being employed at various tasks of cleaning

about the camp, come directly into contact with the food while

wearing clothing soiled by all sorts of camp wastes. Large white

aprons could be provided at a very shght cost and would aid mate-

rially in maintaining the cleanliness of the kitchen force, and in

preventing contamination of the food.

It happens not infrequently at the smaller camps that there

is no prisoner with a knowledge of cooking, and under such con-

ditions an ignorant, untrained man may be pressed into service.

This results usually in a monotonous run of badly cooked food

with all its attendant waste and dissatisfaction, and the convicts,

badly fed and poorly nourished, fall ready victims to disease and

can be worked only at an economic loss.

STOVES AND COOKING EQUIPMENT.

Good stoves are furnished at many camps and the food is prepared

in much the same way as in the ordinary household kitchen. Not
infrequently, however, the cooking of beans, peas, and vegetables is

done in a large iron kettle suspended over an open fire out of doors,

and the kitchen stove is thus left free for frying meat and baking.

At one camp visited the cooking was done on a sort of wooden tray,

about 4 feet square, supported on stakes driven into the ground.

The tray was filled with earth which formed a bed upon which the

fire was made. This improvised cooking apparatus, shown in Plate

XIV, figure 1, was constructed in the open air, and together with

the necessary pots and pans, comprised the camp kitchen. It should

be stated, however, that a wooden shelter was to be built at some
future date to protect the cook from the sun and rain and to provide

a shelter for the cooking utensils,

METHOD OF STORING AND PRESERVING FOOD SUPPLIES.

A storeroom for the keepmg of food supphes is provided at all

camps, and is located either under the same roof as the kitchen and

dining room or in a separate building or tent. Whatever its location,

it is usually so arranged that it may be kept securely locked. The
key is kept by one of the camp officials, and access to the food sup-

phes by the convict cook or other inmates is permitted only when
absolutely necessary. As a rule the foodstuffs are kept in weU-

covered barrels and boxes and appear to be in good condition. The
quantities purchased are generally used within a month, and it is

probable that waste due to improper storage is very shght.

Though it is highly important that storerooms be kept clean, it is

also essential that they be as dry as possible, and for this reason soap

and water should be used sparingly. Dishes of unslaked lime
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placed within the room are useful m absorbing moisture and insuring

a dry atmosphere; while fresh air, sunshine, and whitewash are im-

portant aids to cleanliness.

Flour is best kept in warm, dry, weU-hghted rooms, carefully pro-

tected from dust. Cornmeal does nor keep as well as flour and

should be bought in quantities which can be used without long

storage. Breakfast cereals, when bought in bulk, should be kept in

tight receptacles in a cool, dry place. Rice, macaroni, and other dry

foodstuffs of similar character, and also raisins, currants, and evapo-

orated and dried fruits are best kept in covered cans or jars. Sugar

may be weU kept in tin boxes, but salt should be stored in wooden
receptacles. Glass preserve jars are convenient for small quantities

of almost any kind of food.

At camps in which perishable foodstuffs are a part of the daily

fare, ice boxes or refrigerators should be provided if the location is

such that ice can be obtained. In this connection it should be

remembered that, as freezing does not kill aU disease germs, ice is not

always free from dangerous contamination, and no food should be

brought into direct contact with it unless its purity is above suspi-

cion. If the food is to be kept in good condition the interior of the

ice box should be wiped each day with a dry cloth, and once a week
all ice and food should be removed so that the sides, shelves, and
drain may be thoroughly scalded. The cleansing of the drain is ex-

ceedingly important for if it is allowed to become clogged the water is

not carried off fast enough and.Uttle pools are formed in which
bacteria may breed in great numbers. Under these conditions food

will keep only a very short time.

Since in many of the southern camps the use of ice is impracticable,

the food must be of such character as to require no ice for its preserva-

tion. Under these conditions screened cupboards may be used for the

preservation of cooked foods during short periods. In these recep-

tacles the food is protected from flies, but warm food furnishes an

excellent medium for the growth of bacteria, and ordinarily should

be kept only from one meal to the next.

In some of the Western States where the climate is very dry, meats

may be suspended from hooks in small screened inclosures open to

the sun and air on every side (see PL XIV, fig. 2). Under these

conditions the surfaces of the meat rapidly dry and harden and the

interior will remain in a state of good preservation for a considerable

length of time.

At one of the camps visited, the contrivance for keeping food cool

was based on the j)rinciple that water in evaporating draws heat

from surrounding objects. A wooden box about 2 feet square and
4 feet high was placed on end and fitted with shelves for the food.

The top end of the box was covered with several layers of burlap,
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and a burlap curtain was suspended over the one open side. An
old dish pan, in the bottom of which a few small holes had been

punched, was placed on top of the box and in this way the burlap

on the top and side was supplied with just enough water to keep it

saturated. Food was kept in this box at a temperature considerably

lower than that of the outside air.

FOOD POISONING.

Food poisoning may be caused by foods which have been kept too

long before being eaten, or which have not been properly cooled and

stored. The poison results from certain bacteria of one or more
kinds accidentally present in the food, which are not killed by the

heat of cooking or which are conveyed to the food (by dirty hands,

for instance) after it is cooked. The contamination usually is such

that it can not be detected by the sense of taste. While food poison-

ing has been known to occur in many different kinds of food, those

most commonly mentioned are soft cooked vegetables—especially if

put away warm—soups, meat pies and similar dishes, milk, fish, meat,

baked beans and ice cream.
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APPENDIX.

A DIGEST OF STATE LAWS RELATING TO THE USE OP CONVICT LABOR FOR ROAD WORK.

By L. E. BoYKiN, Assutant in Road Economic Investigations, Division of Road Eco-
nomics.

In the last few years there has been a notable increase in the
number of States which permit the use of prison labor in highway
work or in the preparation of road materials. During the year 1915
26 of the 44 State legislatures which were in session enacted new
legislation bearing on the subject. At the present time all but two
States have laws authorizing such use. There follows a brief digest

of such general laws as were in force in the several States January 1

,

1916. Numerous special laws also exist in many States, but they
have only a local or special application, and no attempt has been
made to include their provisions in this digest.

Alabama.

State.—An amendment to the constitution was voted, August, 1907, authorizing the
legislatm-e to appropriate part or all of the net proceeds from the State convict fund to
the construction, repair", and maintenance of public roads . In pursuance of the author-
ity thus confeiTed the legislatme, by act of April 5, 1911, appropriated fi'om said State
con\-ict fund the sum of $154,000 annually to be apportioned, after making the deduc-
tion allowed by law for the salaries and expenses of the State highway commission,
equally among the several coimties of the State.

Counties.—The convicts of any county or municipality may be worked upon the
public roads, bridges, or femes of the county, or in quarries, gravel pits, or any plant
used for the production of road materials, under the direction of the court of county
commissioners or board of revenue; or said convicts may be hired to or from another
county or from the State. No female convict shall be so worked, but may cook and
prepare meals for road crews. (Acts 1915, No. 505.)

Coiuts of county commissioners, boards of revenue, or other like governing bodies
of the several counties, may work county and State convicts on the public roads and
bridges of their respective counties; and they may hire their county convicts to, hire
from, or exchange with, other counties, under such terms as may be mutually agreed
upon for the purpose of building and maintaining the public roads. Said governing
bodies of the several counties may contract with the State convict department for

State con\-icts to be used for a like pm-pose, under such regulations as may be pre-

scribed by the said State con\'ict department. They may also purchase necessary
cells, tents, eqmpment, and clothing, hire sufficient guards, and provide proper med-
ical treatment. Said governing bodies may pay all expenses incident to employing
Buch convicts out of any funds available for road and bridge work in their respective
counties. (Acts 1915, No. 580.)

Arizona.

State.—The State board of control may cause persons sentenced to imprisonment in
the State pri.son to work upon the construction, repair, or maintenance of State roads,

highways, and bridges in the several counties, on request of the county supervisors
thereof, and in conformity to the directions and specifications of the State engineer.
When the board of control shall decide so to work such convicts, the secretary of said

board shall notify the superintendent of the State prison to furnish such number of

men as the board may direct and cause them to be removed to the place or places where
such work is to be done. All implements, tools, machinery, supplies of every kind,
all animals nfjc-essary for the prosecution of such work, and suitable shelter for men
and animals shall be purchased and provided by said board of control. The State
engineer may e.-tabli.sn and maintain camps or enclosures for the men so employed
and, with the approval of the board of control, make and provide suitable methods of

enforcing rules and regulationa for governing the men while so employed. When the

193
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work on which such prisoners are employed is completed, or for any other reason
deemed sufficient by said board of control, the State engineer shall cause such pris-

oners to be returned to the State piison or to other place of employment, together
with all equipment, supplies, machinery, tools, and implements. The cost of trans-
porting convicts so employed, and necessary guards, to and from the State prison, or
from one place to another, together with all other expenses necessarily incmred in or
about the employment of such convicts and the carrying on of any such work shall be
payable as follows: That portion equaling the maintenance cost at the State prison
for the number of prisoners employed shall be paid from the prison maintenance fund
and the remainder from the State road-tax fund. All claims therefor shall be in such
written form as may be prescribed by the State board of control, approved in writing
by the State engineer, and audited by the State auditor. Payments shall be by
wan-ants drawn on the State treasurer and countersigned by the governor. Counties
availing themselves of this act shall not, during the same fiscal year, be entitled to
any portion of the State road-tax fund, except such as would be a proper engineering
charge. (R. S., 193, sees., 5141-5148; Laws 1913, third sp. sess., as amended; Laws
1915, ch. 35.)

Counties.—The keepers of the jails of the several counties, when any person shall
be sentencedto hard labor therein, and any mode of labor shall be provided, shall

keep such prisoners constantly employed. Such labor may be performed inside or
outside the walls of such jails, and, on discharge of the prisoner, shall be reported to
the board of supervisors. Anysuch prisoner who shall be so employed when sen-
tenced to pay a fine, and imprisoned in default of such payment, shall be allowed
the sum of §1 for each day he shall so work, which shall be credited on such fine

(R. S., 1913; sees. 1482, 1486.)

Arkansas.

State.—The superintendentof the penitentiary may, in his judgment, order the
roads leading to and in the neighborhood of the several camps now or hereafter occu-
pied by the inmates of such penitentiary, worked and repaired by the labor of such
convicts, provided that no such convict shall be required so to work for a greater
number of days than now allowed by law for regular road hands. (Kirby's Digest,

1904; sec. 5873).
The department of State lands, highways, and improvements shall employ as many

State convicts on the public roads as may not be otherwise employed by the peni-
tentiary authorities. Convicts so worked shall_ be under the care and management
of wardens and other officers named by the penitentiary authorities, but said depart-
ment shall determine the work to be done, and the time, place, and manner of doing
it. Salaries of wardens and cost of clothing of such convicts while so employed shall

be paid by the State, and the cost of feeding and housing them shall be paid by the
county or improvement district where they may be worked. When practicable, the
said department of lands, highways, and improvements may engage State or county
convicts available in preparing road materials at quarries or elsewhere, and the
expenses of such work shall be charged to the State or to the county or district receiving

such materials. (Act 302, 1913, as amended by Act 338, 1915.)

Counties.—If the county coui't or judge thereof shall be unable to make a satisfac-

tory contract for the working of the convicts of the county, said court or judge thereof

may order the prisoners on the roads, bridges, levees, or other public improvements
of the county, under such rules and regulations as such court or judge may prescribe.

Said court or judge shall appoint a superintendent to have charge of said prisoners,

and he may employ such guards or adopt such means to prevent escape as may be
necessary. The county court, at its annual meeting for making appropriations, shall

make necessary appropriations to carry out the purposes of this act, but not more than
$10,000 shall be appropriated for any one year. While prisoners are so worked in

charge of said superintendent, the sheriff shall feed them and receive regular fees

allowed therefor. If any prisoner shall escape, he shall be compelled to work out
all costs of his recapture. Commissioners of public roads may supersede such
superintendent. (Kirby's Digest, 1904; sees. 1101-1108, 7237-7238.)

_

Counties of judicial circuit.—The county judges of counties composing any judicial

circuit or of any contiguous portion of any judicial circuit may meet and, by unani-

mous vote, adopt the provisions of this act, whereupon they shall organize by electing

a chairman and a secretary from among their number and shall, when so organized,

constitute the county convict board for said counties. Said board shall purchaser
road-making outfit and necessary equipment for properly caring for the convicts of said

counties wMle worked on the roads therein, an equal portion of the cost thereof to be
paid by each of said counties. Each county may furnish such road equipment as it

may possess and such board may deem suitable, and be allowed therefor its reason-
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able market value. Said board shall employ a road foreman who shall have charge
of said outfit and equipment and work the convicts of such counties on the public
roads thereof. Said board shall meet annually to elect officers and transact other
business, and at such other times as may be necessary, and may adopt rules and regu-
lations for the management and discipline of said convicts, including such punish-
ment as may be deemed right and proper for violations thereof. Said board may
appoint a road engineer, if it shall deem advisable, the cost thereof to be borne equally
by the counties. The road foreman shall work said convicts an equal length of time
in each county each year, and shall notify the county judge of each county at least

30 days in advance when he will be in his county, and submit an estimate of supplies
that will be needed for said convict gang while at work therein, and the said county
judge shall furnish such supplies. The convicts shall be worked on the roads des-
ignated by the county judge. The county court shall pay the salary of the foreman
and any other paid employees with said convicts while working in that county. Per-
sons imprisoned for nonpayment of a fine and costs may be so worked until same are
paid and shall be allowed on same for each day they shall so work 75 cents. Prisoners
from cities and towns may also be worked, and prisoners may be hired from other
counties. If any prisoner shall escape, or attempt to escape, the time for which he
was liable to work shall be doubled. No convict shall be worked over 10 hours per
day, and when discharged shall be given $1 in money and, if he has worked six months,
a $10 suit of clothes. White convicts shall not be required to sleep or eat with negi'oes,

and females shall not be worked on roads. Felony convicts sentenced to penitentiary
for five years may be so worked . Persons held in default of bail, may, at their election,

be so worked and shall receive 75 cents per day for labor so performed, to be credited
on fine and costs if convicted . Work may be discontinued by said board by a majority
vote at any annual meeting. (Acts 1913, No. 306.)

Convict road district.—At the July term of the county court each year the county
judges in any two or more contiguous counties may enter into an agreement for the
formation of a road and convict district. There may be worked on the roads of such
district all prisoners convicted of misdemeanor in justice's courts and whose fines

are not paid, and prisoners convicted in the circuit court for misdemeanor or felony.

The county com'ts shall provide for the care and maintenance of all prisoners while
working in their respective counties, including guards, wardens, clothing, medical
attention, equipment, supplies, stockades, camps, etc., and may pay for same out of

any money appropriated for roads and bridges. Prisoners shall not be worked more
than 10 hom-s per day, and such labor shall be valued at 75 cents per day. Males
and females and wliites and blacks shall be kept separate. Any convict whose con-
duct is exemplary and services good for six months shall be entitled to a commutation
of one month; for one year, two months; for two years, five months; for three years,

six months; and for four years, the prisoner sentenced for five years shall be discharged.
Prisoners sendng two years or more shall on discharge be furnished by the sheriff

with .$2.50 in money and |12.50 worth of clothing. The county judge, the county
clerk, and the sheriff of each county shall constitute a board to prescribe and enforce
rules governing work, care, location, and punishment of such convicts. Persons held
in default of bail may, at their election, be worked as other convicts and credited with
75 cents each day they shall work. (Acts 1909, No. 207.)

Road improvement district.-—Provision may be made in any highway charter (for

road improvement district) for working male convicts of any county on the roads
thereof. Every charter providing for so working convicts shall also provide for the
appointment of overseers, guards, physicians, and other necessary officers and em-
ployees. The cost of feeding, clothing, housing, and superintending such convicts
shall be charged to the particular district or county where they are worked in pro-
portion to the time they may be used therein. (Acts 1913, No. 302.)

California.

State.—State prison authorities may use State prisoners in preparing road and
bridge-building materials. (Acts 1901, ch. CXII, being S. 1588 of Penal Code, and
Acts of lOJ], ch. 50.)

The department of engineering may employ State convicts in the construction
and maintenance of the State highway system provided for by the "State Highway
Act," approved March 22, 1009, and in tlie construction and maintenance of any
other State roads. Upon requisition of said department, the State board of prison
directors shall send to the designated place, ana at the appointed time, the number
of convicts desired. Said department of engineering shall designate and supervise
all road work done, but said board of prison directors shall retain full jurisdiction over
the discipline and control of such convicts. The expense of transportation, guarding,
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commissariat, camps, and all other expense incident to such work shall be paid from
the respective funds pro-\dded for such State road work. Convicts shall not do any
work which requires the employment of skilled labor. The said board of prison di-

rectors shall adopt a special rule applicable to such convicts, whereby additional

good-time allowance may be granted for good conduct and efficient service, but not

to exceed one day for each two calendar days that the convict is absent from the
prison. (Acts 1915, ch. 124.)

Counties.—Any person convicted of abandonment and nonsupport of a wife, child,

or children and sentenced to imprisonment in the county jail may, at direction of the

coiu't, be compelled to work on the pubHc roads, or any other pubHc works, in the
county. Where such work is performed, the board of supervisors shall order paid to

the wife, or the guardian or custodian of such child or children, at the end of each
calendar month, not to exceed $1.50 for each day's work so performed. (Acts 1911,

ch. 379.)

The boards of supervisors, in their respective coimties, may provide that prisoners

confined in the county jail on conviction of misdemeanor, shall, under direction of

some suitable person to be appointed by the sheriff, work upon the public roads,

streets, alleys, highways, or in such other places as may be deemed advisable for the
benefit of the coimty. (Acts 1911, ch. 746.)

Colorado.

State.—Convicts of the State penitentiary engaged in work outside the walls thereof,

and known as " trusty prisoners," who shall comply with the prison rules and perform
their work in a creditable manner may, upon the warden's approval, be granted such
good time in addition to that allowed by law as the Board of Penitentiary Commis-
sioners may order, not to exceed 10 days in any one calendar month. (Acts 1909, ch.

153.)

Upon the written request of the board of county commissioners of any county, the

warden of the State penitentiary shall detail such convicts as in his judgment shall

seem proper, not exceeding the number requested, to work upon such public roads

of such county, or streets or alleys of any city or incorporated town therein, as shall be
designated in said request. Such county shall pay all additional expense of guarding

such convicts and shall furnish tools and materials while working on the roads therein;

and such expenses shall be met by such city or incorporated town when such work is

done on the streets or alleys thereof. (R. S. 1908; sec, 4879.)

The legislature has estabhshed the " Santa Fe Trail " highway to extend from a des-

ignated point on the northern boimdary of New Mexico through Trinidad, Denver,
and Fort Collins to a designated point on the northern boundary of Colorado. The
construction and maintenance of said road and extensions thereof shall be under
control of the Board of Commissioners of the State Penitentiary and the warden of

said penitentiary, who shall use therefor the labor of the penitentiary convicts.

Supervision of the work shall be under such competent persons as may be selected by
said board of penitentiary commissioners. Convicts shall not be worked over eight

hour's per day. Said board of penitentiary commissioners may adopt rules and regu-

lations providing for granting additional good-time allowance to short-term men and
better food for Life prisoners, conditioned on good behavior and efficient work. (R.

S., 1908; sees., 5855-5859.)

At various times appropriations have been made by the legislature to purchase
tools, equipment, supplies, etc., and to pay for extra guards, in building certain

specified roads with the labor of State convicts. (Acts 1909, chs. 55, 92, 95; Acts
1911, chs. 54, 56.)

An appropriation was made and authority conferred for working paroled prisoners

from the State reformatory, under dii-ection of the State reformatory commissioners
and the warden of the Colorado State Reformatory, on the highway following the
Arkansas River from Pueblo to Leadville. Such prisoners r^eceive a salary of not to

exceed ?1 per day and board for each day they shall so work.
_
Necessary road equip-

ment was to be provided from the appropriation made. If a prisoner shall be returned

to the reformatory for misconduct he shall forfeit any unpaid balance due on his

salary. (Acts 1909, ch. 112.)

Counties.—Persons ser\T.ng a sentence in any coimty jail who shall faithfully per-

form the duties assigned during the term of imprisonment shall be entitled to a deduc-
tion from such sentence of two days in each month. Any such prisoner who shall

escape, or attempt to escape, shall forfeit all accrued deductions to which he may be
entitled. Upon written request of the board of county commissioners, the sheriff

shall detail such male piisoners as he may deem proper, not exceeding the number
requested, to work on such roads of the county, or such streets and alleys of any city
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or incorporated town, as may be designated in such request. The county shall pay
all additional expenses of guarding such prisoners while so working and furnish nec-
essary tools and materials, but where work is done within the limits of a city or incor-
porated town such city or town shall pay such additional expenses. Prisoners shall

not be used to build a bridge or like structure which requires skilled labor. Pris-

oners doing work outside the walls of the jail who shall render faithful service and
obey the rules prescribed by the sheriff shall be allowed such good time, in addition
to that otherwise granted, as the sheriff may order, not to exceed 10 days in one cal-

endar month. (Acts 1911, ch. 184.)

The keepers of said prisons (meaning, no doubt, sheriffs and county jailers) may,
with the consent of the county commissioners, cause such con\dcts under their charge
as are capable of hard labor to be employed on any public avenue, street, highway,
or other public works, quarries, or mines, in the county in which such prisoners are
confined, or in any of the adjoining counties, upon such terms as may be mutually
agreed upon. (R. S. 1908, sec. 2022.)

The sheriff of each county shall feed prisoners kept in confinement by him with
good and sufficient food ; and the county commissioners shall, at expense of the county,
supply all things necessary in the performance of said duty. (Acts 1915, ch. III.)

Connecticut,

Counties.—The county commissioners of any county may, with consent of the
sheriff, cause prisoners serving terms in the jail or workhouse thereof to labor upon
any bridge, or public highway or property adjacent thereto. (Acts 1915, ch. 180.)

Delaware.

Sussex County.—^The levy court may employ persons convicted and imprisoned
in the county jail, or other places of detention, upon the public roads of the county,
or upon the farm of the trustees of the poor, and said court may fix the compensa-
tion of such prisoners for all labor so performed, if it shall be deemed wise to pay
for such labor. Such compensation may be paid to the dependent members of the
families of prisoners. (Acts 1915, ch. 76.)

Kent and Sussex Counties.—Male persons convicted of crimes punishable by im-
prisonment at hard labor may, in the discretion of the court, be sentenced to labor

on the public roads for not to exceed 8 hom-s a day and for not more than 3 months
in any instance. The levy court may employ necessary guards and others, and may
also employ a "superintendent of convict gangs, " who shall have the same power as

a deputy sheriff. If necessary, suitable camps shall be provided by the sheriff with
proper pro"\dsion for feeding the convicts. The cost of maintaining such camps
shall be paid by the levy court. Prisoners who become refractory and refuse to work
may be placed in solitary confinement and fed on bread and water. (Acts 1913,
chs. 272, 273.)

New Castle County.—By act of 1893 the levy court was authorized to secure, by
purchase or condemnation, a stone quarry to be worked by convicts sentenced to

the workhouse at hard labor. Eight hours constitute a day's work at said workhouse.
Prisoners refusing to work, or failing to perform their work satisfactorily, may be
placed in solitary confinement by the superintendent of the workhouse and be fed
on bread and water. Such work and the care and custody of the prisoners shall be
under the management and direction of the superintendent of the workhouse. Sup-
plies for feeding the prisoners shall be pinchased by contract let after due advertise-

ment. The levy court shall provide necessary guards and other employees. Com-
missioners of the jail and workhouse may make rules for the government and opera-
tion of the workhouse and all persons connected therewith." Said workhouse shall be
properly equipped for breaking stone suitable for road-building purposes, to be divided
among the several hundreds of the county making application therefor and upon pay-
ment of the transportation charges thereon. Provision is made for disposing of the
surplus stone produced. (Acts 1893, ch. 670.)

The levy court may make an agreement with the board of trustees of the New
Ca.stle County Workhouse for employing prisoners confined therein in building or

repairing any of the public highways of the county. (Acts 1913, ch. 271.)

Florida.

SfMte.—The State prison physician shall examine and grade all State convicts
into three grades or classes, to wit: Grade or class one, all able-bodied male negro
convicts; grade or class two, women and infirm convicts; grade or class three, all

negro convicts who have served ton years or longer and all white male convicts and
all negro male convicts not included in classes one and two. Convicts included in
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grades one and thi'ee may be worked on the public roads of counties on application
therefor by the county boards of commissioners to the board of commissioners of

State institutions. The counties shall, at their expense, guard, feed, clothe, main-
tain, and give medical attention to all convicts so employed. Convicts so employed
shall at all times be under the supervision of the board of commissioners of State
institutions, and shall compl,y with all rules and regulations prescribed by said board
and the commissioner of agriculture. All grade one convicts so used shall be paid
for at the rate of $10 per month, and grade three prisoners at the rate of $1 per month.
Convicts shall not be worked more than 10 hours a day. (Acts 1916, ch. 6915.)
The commissioner of agriculture shall keep a record of the conduct of each prisoner,

and, when no charge of misconduct has been sustained against him, the following
deductions from his sentence shall be made by the board of commissioners of State
institutions: Two days per month off f'or first year of sentence; 3 days for second year;
4 days for third year; 5 days for fourth year; 6 days for fifth year; 7 days for sixth year;
8 days for seventh year; 9 days for eighth year; 10 days for ninth year; and 15 days per
month off for the tenth year and all succeeding years. Accrued commutation shall

be forfeited for mutinous conduct or for escape or attempted escape. (Acts 1915,
ch. 6917.)

Counties.—Boards of county commissioners may employ all persons in the jaila

of their respective counties, under sentence for crime, at labor upon the streets of

incorporated cities and towns, or upon roads, bridges, and public works of the county;
or the said boards may, in their discretion, lease such convicts to be kept and worked
either within the county or in any other county in the State. No female, or physi-
cally disabled convict, shall be so worked. Said convicts shall be kept and worked
under such rules and regulations as may be prescribed by the commissioner of agri-

cultm-e, with the approval of the board of commissioners of State institutions. The
supervisors of State convicts shall inspect and 8uper\'lse all county convict camps.
(Acts 1909, ch. 5963; Acts 1913, ch. 6537.)

Persons confined in the county jail under sentence of a court may be worked on
the roads of the county. If the number of convicts in any county at any time be less

than five, the county commissioners may arrange with the county commissioners of

any other county for an exchange of prisoners. The cost of guarding and maintaining
such prisoners shall be paid by the county in which they are worked. Ten hours
shall constitute a day's labor for all such convicts. Every such convict shall be en-
titled to receive, together with subsistence, a credit at the rate of 30 cents per diem
on account of fines and costs. (G. S. 1906, sees. 4110, 4111, 4113.)

The sheriff shall be allowed the following fees for feeding prisoners: For feeding 10
prisoners, or Ifess, 50 cents per day each; and over 10 prisoners, 40 cents per day each.
(Acts 1915, ch. 6898.)

Georgia.

State.—^Every crime declared to be a misdemeanor is punishable in the discretion

of the judge by a fine of not to exceed $1,000; imprisonment not to exceed six months;
work in the chain gang on the public roads or on such other public works as the
county or State authorities may employ the chain gang not to exceed 12 months.
All male felony convicts, except such as are now required by law to be kept at the
State farm, may be employed by the authorities of the several counties and munici-
palities upon the public roads, bridges, or other public works thereof. On or before
the 10th day of February annually, the prison commission shall communicate with
the county authorities of the State and ascertain those counties desiring to use contact
labor upon their public roads, and said county authorities shall ad\dse the prison
commission, in writing, whether they desire so to use such labor and the number
desired. The convicts shall be apportioned among the counties according to popula-
tion. Convicts may be awarded to counties other than the one in which the convic-
tion was had. One county may, upon the approval of the prison commission, deliver
its quota of convicts to another county, to be used on the roads and bridges thereof,

the counties so receiving such convicts to have the right to compensate the county
from which the convicts came, with work upon its roads, or by the exchange of an
equal number of con\'icts. The prison commission may, when in funds, piuchase
road machinery, appliances, and teams, and e.quip and organize road-working forces,

the same to be used for the construction and repair of roads and bridges in counties
not using their convicts under the preceding provisions, when requested by the
authorities thereof so to do, the work to be done as nearly as practicable in proportion
to the convicts which would have been assigned to such county in case it had worked
its convicts, but as many convicts in addition to said proportion may be worked as

any county is willing to pay the expense of, and as the commission may have at its

disposal. The county in which convicts are worked shall pay the expenses thereof,..
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including maintenance of equipment and all material required for the work done in
the county. If all con\'icts are not disposed of under the preceding provisions, the
prison commission is hereby authorized to place convicts in counties desiring to use
them in excess of theii" quota. If after the counties have been provided with convicts
there shall stm remain any convicts not otherwise disposed of, then the privilege
confen-ed upon counties herein shall be extended to municipalities, which may hire
con^'icts from the prison commission at the price of $100 per capita per annum.
Any countj^ may pui'chase or rent, and maintain a farm and cultivate same with

con\ict labor in connection with working its convicts on its public roads and bridges,
all products and supplies arising therefrom to be used for the support of the convicts,
for the improvement of its public roads and bridges, and in support of county institu-

tions. All convicts and all convict camps shall be under the direct supervision of

the prison commission, which shall prescribe rules and regulations for governing the
same, subject to the approval of the governor, and shall require the observance and
maintenance of sanitary rules and appliances. The net proceeds from the disposition

of conA-icts to municipalities or otherwise shall be used at its option by the prison
commission in working convicts upon the public roads or works of counties not elect-

ing to utilize their allotment of convicts; and in case said commission shall elect

not to work the roads in any one or more of said counties, then the pro rata of said
funds for said counties shall be paid into their respective treasuries to be used for

road pm'poses only. The prison commission may pm'chase or lease for five years one
or more tracts of land conveniently located for working the convicts thereon ; and the
State fami shall be used as far as possible for making supplies of all kinds for main-
taining the convicts, either in farm products or manufacturing articles for the use of

the convicts and State sanitarium and other State institutions. If the prison com-
mission has on hand convicts not provided for under the foregoing sections of this act,

they may be placed upon said farms to work. Not to exceed four supervisors may be
employed by said prison conunission, to visit the various counties, to inspect the con-
victs and their work, and to perform such other duties as may be required of them. If

practicable, civil engineers shall be selected for these positions. The commission shall

also appoint such wardens and guards as may be necessary. (Ex. sess. 1908, act No. 4.

)

Counties.—The authorities of any two or more counties having charge of the county
pubHc works may act jointly and cooperate in establishing, improving, and main-
taining a system of intercounty public roads, and may jointly create a chain gang from
the con\icts of such counties sentenced for misdemeanors or felonies. Such chain
gang shall be put to work on such system of roads under such rules and regulations as

said authorities may prescribe. The cost of such work shall be paid by the counties
in such proportions as the authorities thereof shall determine. (Pohtical Code of 1911,

Title VI, sees. 428-431.)

The commissioners of roads and revenues, or the ordinary, as the case may be, shall

repair the public roads as follows: By chain gang organized from misdemeanor con-
victs of the county, or of any other county from which such convicts may be obtained
without cost; by free labor and those who do not pay the commutation tax; or by
contract; or by a combination of such methods. Such authorities may purchase and
Ero\ide any machinery, tools, stockades, and other such equipment necessary in
andling and working the chain gang. (Political Code of 1911, sees. 697-698.)

Idaho.

Stale.—Subject to such rules and regulations as may be adopted by the State
board of prison commissioners, the State highway commission may make requisition
upon the warden of the State penitentiary for such number of the convicts confined
therein as in his judgment are physically able to work upon any of the highways to be
constructed by said State highway commission. Such convicts shall be worked
under the general direction and supervision of the State highway commission, subject
to such rules, regulations, and safeguards as may be prescribed by said board of prison
commLssioners. The State highway comrrdssion shall cause to be paid out of the
State highway fund $5 per month to each convict so worked, and also the expense of
transporting, guarding, and subsistence of each convict while away from the State
penitentary, ios.s the estimated average cost to the State of his subsiHtence had he
remained at the penitentiary. fActs ]9J:5, eh. 179, as amended, acts 1915, ch. 64.)

CourUuH.—The county corninisHioners of the several counties may employ inmates
of the county jail on ymblic roads or other c:ounty work under such regulations as they
mav pre-xribe. A person serving a sentence in the county jail who has a good record
and performs the tasks assigned him in an orderly inaiuHir, shall, on rf^comraendatlon
of the sheriff and prosecuting att<irney, be allowed five days oif of each month of his
sentence, by the probate judge. (Acts 1915, chs. 77 and 130.)
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Illinois.

State.—The board of prison industries shall, upon reT[uisition of the State highway
commission, employ prisoners in the penal and reformatory institutions of the State

in the manufacture of tile and culvert pipe, road machinery, tools, and appliances,

and in the preparation of road and ballasting materials. All such materials eo manu-
factm-ed shall be placed upon raihoad cars to be forwarded to proper destination.

Application for such materials may be made to the State highway commission by
county or township road officials, as the case may be, in such quantities as may be
needed for the construction or repair of their roads, obligating themselves to use
such materials according to rules and regulations formulated and approved by the
State highway commission. The State highway commission may negotiate with
railroad lines for rates of transportation on all such material, machinery, and tools,

and may contract with such railroads to pay for same in ballasting material. (Acts
1905, ch. 108, as amended in 1907.)

The commissioners of the Northern Illinois Penitentiary, commissioners of the
Southern IlUnois Penitentiary, and the board of managers of the Pontiac Reformatory
may employ convicts sentenced for terms not exceeding five years, or who have not
more than five years to serve to complete their sentence, in working on the public
roads or in preparing road materials outside the walls of such institutions. _ Upon
written request of the county or township road officials, as the case may be, said peni-

tentiary commissioners and the board of managers of said reformatory shall detail

such convicts as in their judgment shall seem proper, liot exceeding the number
requested, to be worked under such terms and conditions as the said penitentiary
commissioners and board of managers may prescribe. Such local road officials shall

pay all additional expenses for guarding such convicts while so worked in their respec-

tive townships, road districts, or counties. (Acts 1913, S. B., 539.)

Indiana.

State.—^The board of trustees of the Indiana Reformatory, and the board of control

of the Indiana State Prison, may work the inmates thereof, or any number of such in-

mates, upon the pubhc highways of the State, whenever there is no labor at which they
may be employed within the walls of such institutions. Said boards may adopt rules

and regulations for the care, control, and safety of such inmates while so employed,
and may enter into an ag?*eement with the board of commissioners of any county, or

the township trustee of any township, to work such inmates upon the highways of such
county or township, and such agreement shall provide the compensation such county
or township shall pay said boards for the labor of such inmates. In order to carry out
such agreements, said boards may purchase necessary tools, apparatus, apphances,
and movable places of confinement for such inmates and employ a superintendent to

have charge of such work. Said board of county commissioners, or township trustees,

as the case may be, may purchase all materials necessary to perform such work. Said
boards may enter into similar agreements with any commission or board that hereafter
may be authorized by law to improve the public highways of the State. (Acts 1913,
ch. 83.)

Counties.—All able-bodied male prisoners sentenced to any county jail or work-
house, either for punishment or for nonpayment of fines or costs, may be put at hard
labor on the public roads or highways, or upon any other public work, under such
rules and regulations as the board of county commissioners may prescribe. The cost
of guarding such prisoners while so employed shall be paid from the county treasury.
(Burn's Anno. Stats., 1908.)

Iowa.

State.—The board of control of State institutions, with the advice of the warden of

any penal institution of the State, may permit any able-bodied male prisoners to work
upon the highways or any other public works of the State, but no prisoner shall be so

worked whose health might thereby be impaii-ed, or whose character is such that he
would probably be unruly or attempt to escape. No prisoner who is opposed to so

working shall be required to do so. Prisoners so employed shall at all times be under
the charge and jurisdiction of the warden of the institution to which sentenced, and
said warden shall designate guards, officers, or agents, to direct and supervise such
prisoners. The State highway commission shall supervise the work performed on
the highways, but may cooperate with boards of supervisors and local officials in the
performance of same. Said board of control and warden shall prescribe the condi-
tions and maimer of keeping and caring for such prisoners. County boards of super-
visors, or other local road officials, desiring to use prisoners upon the highways in their
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respective jurisdictions, may apply therefor to the State highway commission, speci-

fying the number desii-ed, character of work, and the amount that will be paid for

such labor. If said commission shall approve the application, it shall be submitted
to the board of control and warden, who shall arrange the details of the contract with
such board of supervisors or other local road officials. The compeiisation agreed upon
for such labor may be paid from any fund available for road and bridge work, and said

board of control may allow a part of such compensation, over and above the cost of

maintenance, to such prisoners as shall perform such labor and send a portion thereof

to those dependent upon them. Prisoners shall not work in clothing which will make
them look ridiculous or unduly conspicuous. (35 G. A., ch. 134.)

Co wn^ies.—Able-bodied male persons over 16 and under 50 years of age, impris-

oned in any jail, may be required to labor during the whole or a part of the term
of imprisonment, at the discretion of the court imposing sentence. Such work may
be on the streets, on the pubUc roads, or at such other places in the county as the
person ha^dng charge of the prisoners may direct, not exceeding eight hours per day.
When imprisonment is for violation of State statute, the sheriff shall superintend the
work and fui-nish tools and materials, if necessary, at expense of the county, and
the county shall be entitled to the benefit of such labor. If such imprisonment is for

violation of any ordinance,by-law, or other regulation of a city or town, the marshal
shall superintend the labor and f ui-nish tools and materials, if necessary, at expense
of such city or town entitled to the benefit of the labor of such convicts. (Code 1873;
sees. 4736-4739; 21 G. A., ch. 153.)

Kansas.

State.—The warden of the State penitentiary shall employ the sxu-plus convict labor
in extending and repairing the State and county roads, and upon other work exclu-
sively for the benefit of the State. (Acts 1907, ch. 20; Acts 1915, ch. 58.)

Upon written request of the board of commissioners of any county or of the mayor
or councilmen or the commissioners of any city or town, the warden of the Kansas
State Penitentiary may, in his discretion, detail convicts to work upon such roads,
streets, or alleys as may be designated in said request; provided that such county,
city, or town, respectively, shall pay all additional expenses of guarding said convicts
while so employed and furnish necessary materials and tools, and shall also pay to said
warden the sum of $1 per day for each convict so furnished, which sum, after deduct-
ing the cost of maintenance and retention, shall be paid to those dependent on such
couAdct, if any, otherwise it shall be paid to such convict on his discharge. Said
con\icts shall not be used in building any bridge or like structure which requires skilled
labor. C'on\'icts may be granted as additional good time allowance one day out of

each three so employed, conditioned upon good behavior. (Acts 1913, ch. 219.)
Counties.—The board of county commissioners of any county may properly shackle

and work, imder such rules and regulations as said board may prescribe, male prisoners
committed to jail for nonpayment of fines and costs. Said board may establish a
county stoneyard and work such prisoners at breaking stone for road and street pur-
poses. Stone so crushed may be sold or disposed of on such terms as said board may
deem ad\isable, or, if it can not be sold, it may be used in improving some designated
road or street. The proceeds from the sale of such stone shall be used to pay for stone
delivered at the stoneyard and the remainder applied to payment of the fine and costs

against the person breaking the same. Such prisoner may, if he shall so desire, under
certain requirements, agi'ee to do a certain amount of work on some highway in full

satisfaction of such fine and costs and may be released from jail for that purpose.
Prisoners shall be allowed -11 for each day's labor performed in good faith, or a specified

sum per cubic yard for breaking stone. (G. S. 1909, ch. 97, art. 18, sees. 6937-6943.)

Kentucky.

Stat^.—The Slate may employ outside the walls of the penitentiary persons con-
fined therein for felony in the con.struction, reconstructing, and maintaining public
roads and bridges or in preparing road materials, or in aid of road and bridge work
by the countie.s. (Amendment to the constitution adopted in 1914.)

Counties.—Persons sentenced to hard labor for nonpayment of fine and costs or as
punishment for offense committed , shall be placed in the county workhouse, or at work
upon some public work or road of the county, or upon the pubUc works of any city

or town in the county. The place and manner of working such prisoners shall be
determined by the county judge, and he shall give preference to work on roads. When
prisoners are worked on the county roads, the cost of feeding, lodging, and guarding
shall be paid out of the road funds of the county; and when they are employed on
the pubhc works of any city or towoi, all such expenses shall be paid by sut:h city
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or town. The county judge may appoint a manager and guards for each crew of

prisoners, but no crew shall consist of less than three prisoners and not more than one
man shall be paid to manage and guard less than 10 persons. The county court may
prescribe rules and regulations for governing prisoners and those in charge of them.
Any prisoner who may escape shall be fined from $20 to $100, or imprisoned for 10 to

15 days, either or both. All prisoners placed at hard labor shall be permitted to

satisfy their fines and costs at the rate of |1 per day. (Acts 1914, ch. 89.)

Louisiana.

State.—^Whenever in the opinion of the State highway engineer, convicts can be
profitably worked upon the public roads, he shall apply to the board of control of the
State penitentiary who shall furnish such convicts in case they are available. The
labor performed by the convicts shall be furnished free of cbarge, provided that the
cost of maintenance and operation shall be borne by the parish, municipality, or

road district having the work performed and paid out of the fund available for said

work. The board of control of the State penitentiary shall retain control and super-
vision over said convicts in the same manner and to the same extent as if they were
upon State farms or in the penitentiaiy walls. (Act No. 49, Sec. 16.)

Parishes.—In all convictions of crime punishable by imprisonment at hard labor,

but not necessarily so, the judge may sentence the person so convicted to work on
the public works, roads, or streets of the parish or city in which the crime was com-
mitted; preluded, that when a fine is imposed as part of the penalty in such cases,

the judge may, for nonpayment of such fine and costs, enforce paj^ment thereof by
sentence of additional labor at the rate of $1 per day. PoHce juries may prescribe

rules and regulations for the disciphne and working of such con^dcts, but no convict
shall be required to wear a ball and chain or other symbol of degredation, nor shall

they be required to work more than 10 hours per day. (Acts 1878, No. 38.)

Able-bodied males, over 18 and under 50 years of age, sentenced to imprisonment
in the parish jail for crime or for nonpayment of a fine, shall be worked upon the
pubhc roads or other pubUc works, or shall be leased to some one person for the pur-
pose of working them within the parish. Convicts shall not be so held and worked
for fines and costs for more than two years, and for good conduct and efficient service

they shall be entitled to a deduction of one-sixth from their term of imprisonment.
The poUce juiy may prescribe rules and regulations for the government and control

of such prisoners. Any con^ict who shall escape, or attempt to escape, shall have
his sentence increased by 10 per cent of the unexpired term and sufficient additional

time to cover the costs incident thereto. The wages of convicts shall vary from |2 to

$16 per month while so worked. The police jury may employ necessary gaurds.
(Acts 1908, No. 204.)

Maine.

Counties.—In counties not having established county workhouses, the county
commissioners, at county expense, shall provide some suitable place, materials, and
implements for breaking stone suitable for road-building purposes, and shall cause
certain prisoners to be worked thereat. Said county commissioners may prescribe
needful rules and regulations for the government and control of such prisoners and
the prosecution of such work. (E. S. 1903, ch. 80.)

Upon written application of the county commissioners, or the municipal officers

of any town, the board of prison and jail inspectors may require that any male pris-

oner under sentence in jail shall be worked on the pubhc ways or in preparing road
materials, under such regulations as said board of inspectors may prescribe. (Acts
of 1905, ch. 126.)

Maryland.

State.—The State roads commission may establish a stone-crusMng plant or plants,

and may rent, purchase, or condemn stone quarries, or other materials, to produce
road materials available most economically for water or other transportation, and do
all things necessary and proper in connection with purchasing, producing, accumu-
lating, and distributing such materials. For the purpose of building, constinicting,

and maintaining any State roads and bridges, or for working in any stone quarry
operated by the State roads commission, said commission may make requisition on
the director of the Maryland house of coiTection for as many inmates thereof as may
be necessary for said purposes, and said directors shall furnish such inmates with
such guards and keepers as can be spared from duty at said house of correction. Ad-
ditional guards and keepers shall be furnished by said commission, if necessary.
Said commission, in conjunction with aforesaid board of directors, shall provide for

the maintenance and safe-keeping of said inmates while so employed. (Ann. Code
of 1911, act 91, sees. 51-61.)
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Massachusetts.

State.—The board of prison commissioners may cause the prisoners in any jail

or house of coiTection to be employed within the precincts thereof in preparing road
material, but no macMne except such as is operated by hand or foot j)ower shall be
used in connection therewith. The Massachusetts Highway Commission shall give
to said prison commissioners such information as will enable them to direct such em-
plo^Tnent properly. Materials so prepared may be sold to the county commissioners
or to city and town officers who have care of public roads. All materials not so sold
shall be pui'chased by the Massachusetts Highway Commission for use on State high-
ways; but the prison commissioners may cause any of said prisoners to be employed
on material furnished by said highway commission which shall then pay for the labor
of preparation. (Rev. Laws 1902, ch. 225, sees. 59-61.)

Prisoners removed to the temporary industrial camp for prisoners shall be governed
and employed under regulations made by the prison commissioners. The Massa-
chusetts Highway Commission and the Board of Agriculture, at request of the prison
commissioners, shall furnish such information as will enable them to prosecute to

best ad^-antage the work of reclaiming and improving waste land and preparing road
materials by hand labor. (Acts 1904, ch. 243.)

The superintendent of the prison camp and hospital at Rutland, with approval of

the board of prison commissioners, may employ prisoners confined in the camp section
thereof in the preparation of road material by the use of such machinery as said board
may consider necessary. Receipts from the sale of products and materials resulting

from the labor of such prisoners shall be paid into the State treasury monthly, and so

much thereof as may be necessary used to pay the cost of providing machinery,
equipment, and other things, including supervision, required in such operations.

(Acts 1915, ch. 260.)

Counties.—The county commissioners of any county may make arrangements with
the Massachusetts Highway Commission, or with ofiicials of a city or town, to work
prisoners from a jail or house of correction on any highway, or unimproved land, or

with a private owner to improve waste or unused land. Prisoners so worked shall

be in custody of -the sheriff. For the labor of any prisoners so employed the county
shall be paid such sums as may be agreed upon. (Acts 1913, ch. 633, as amended;
Acts 1914, ch. 180, and 1915, ch. 177.)

Michigan.

State.—Upon wiitten request of the proper county, township, or district road
officials, the boards of control of the State penal and reformatory institutions may
detail such able-bodied convicts as to them shall seem proper, not exceeding the
number requested, to work upon such highways as shall be designated in said requests.

Such requests shall be accompanied by a bid price per day for such labor, and allot-

ments shall be to the highest bidder, but the price paid for such work shall be not less

than 50 cents per day. Such county, township, or district shall pay the cost of trans-

portation from and to the institution from which such convicts are obtained, and shall

pro\T.de or pay for the lodging and food and furnish necessary tools and materials.

The expense of guarding, if guarding be necessary, shall be paid by the State. Such
con^^.cts may be used in preparing road materials at quarries, but they shall not
be worked in building any bridge which requires skilled labor. Good-time allowance
may be granted such convicts for good conduct. (P. A. 1911, No. 181.)

Counties.—The board of supervisors of any county may order that any or all able-

bodied persons over 18 years of age under sentence of imprisonment in the county jail

shall be required to work upon the public highways, or in preparing road materials,

or at any other work for the benefit of the county. The commissioners of highways of

any townsliip, and the authorities of any city, village, or county institution, may
apply for the labor of such convicts. Such prisoners shall be under the control and
custody of the sheriff while so worked, and the work performed shall be under the
direction of the proper authorities of such township, city, village, or institution who
shall furnish necessary tools and materials. The sheriff shall feed such prisoners

the same as if they were confined in the county jail. (Acts 1915, No. 132.)

Minnesota.

Stale.—The State board of control shall purchase necessary machinery and appli-

ances, in addition to that now belonging to the State at the Minnesota State Reforma-
tory, and cau.se the spalls and waste rock on the grounds of said reformatory to be
suitably crushed for road-building purposes. Such crushed stone, in excess of the

needs of the reformatory, shall be delivered f . o. b. at the quarries to the State highway
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commission, as it shall apply therefor, to be used in the construction and repair of
public roads. (Acts 1909, ch. 229.)

Counties.—^Able-bodied male prisoners, over 16 and under 50 years of age, confined
in any county jail or village lockup, may be required to labor in the jail or jail yard,
upon public roads or streets, or elsewhere in the county, not more than 10 hours per
day. The court passing judgment shall specify whether imprisonment shall be at
hard labor. Persons awaiting trial may be allowed, upon request, to so labor. When
a sentence is for violation of a State law, the county shall pay a reasonable compen-
sation to each prisoner, and such labor shall be performed under the direction of the
county board, and superintended by the sheriff, who shall furnish necessary materials
and tools; and in case impiisonment is for violation of any ordinance, by-law, or police
regulation of a city or village, such compensation shall be paid by and the work done
under the direction of the governing authorities thereof, who shall furnish necessary
tools and materials. The earnings of prisoners may be paid to those dependent upon
them. In case of imprisonment for nonpayment of fine and costs, $1.50 shall be
credited thereon for each day's labor. For refusing to labor or obey orders relating
thereto prisoners may be kept in solitary confinement on bread and water, but not
for more than 10 days at a time nor for more than 90 days in all. The sheriff shall

receive from the county fees for the board and washing of prisoners as follows: For an
average number of 5 prisoners 57 cents per day each; for more than 5 and not more
than 10, 50 cents per day each; and for 15 or more, 43 cents. (Rev. Laws 1905, sees.

5468-5472.)
Mississippi.

State.—The supeiintendent of the State penitentiary may work and keep in passable
condition the public roads leading into the convict farms for a distance of 5 miles
out, but not to exceed two such roads from any one farm, and said superintendent
shall be amenable to the board of supervisors for the faithful performance of said work,
in like manner as regular road overseers. (Acts 1910, ch. 167.)

Counties.—If a person be sentenced to imprisonment in the county jail, he may be
disposed of by the board of supervisors as follows: He may be worked on a county
farm, kept in jail, or worked on the public roads or on other work of a public char-
acter; but never under a contractor. Any prisoner so working who shall render
efiicient service and comply with all rules and regulations may have deducted from
his fine and the term of imprisonment one-fourth thereof. The board of supervisors

may prescribe and enforce regulations for working, guarding, keeping, clothing, and
feeding such convicts, while so worked. Convicts are classified as follows: First

class, male and female, over 18 and under 55 years old; second class, all others, male
and female. The wages of convicts working on roads, public works, or farms, shall

be fixed by the board of supervisors, within the following limits: First class, $8 to $20
per month; second class, |5 to $15 per month. Municipal authorities shall have
similar power with reference to municipal prisoners. The board of supervisors may
agree with the like board in any contiguous county, or counties, to own a farm in

common upon which to work prisoners, or to work with prison labor the highways
of the counties so agreeing, and similar arrangement may be made by said board
with any municipality. In no case shall male and female or white and colored con-
victs be allowed to sleep in the same apartment, and as far as practicable they must
be worked separately. Women must not be required to work on public roads, works,
bridges, or streets. (Acts 1908, ch. 109, and House bill 352.)

Municipalities.—Municipalities are authorized to aid in working and keeping in
repair public roads leading thereto, as far therefrom as the authorities thereof may deem
proper, and may work their convicts for that purpose by contract entered into with
the contractor of such roads, or with the board of supervisors. (Acts 1910, ch. 168.)

Missouri.

State.—The warden and inspectors of the penitentiary may, in their discretion,

enter into contracts for the employment of not to exceed three hundred convicts of

the State penitentiary upon the public roads and highways of the State, at such times
and places and under such terms as they may deem proper. (Acts 1911, Senate bill

23, sec. 2.)

Counties.—The county court may order the sheriff or marshal to cause jail prisoners

to work on the public roads or at breaking rock for road-building purposes; and when
there are ten or more able-bodied male prisoners confined in the jail of any county, it

shall be mandatory on said court to order them so worked. Said court may eraploy
necessary guards. The road overseers or road commissioners of any road district or

township wherein work is done ahaU direct such work, if so ordered by the county
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court. A lot of ground on which to work such prisoners at crushing rock may be pur-
chased or rented, and the rock so crushed may be sold by the sheriff to any incorporated
town or city, or, by order of the county court, it may be turned over to any road over-
seer for use on the public roads. A person imprisoned for nonpayment of a fine shall

be credited $1 on such fine for each day he shall so work. (Rev. Stat. 1909, sees.

3732-3733, 4915-4916.)
Montana.

Counties.—Persons convicted of crime and sentenced to the county jail may be
required by the board of county commissioners to work on the public roads under
such rules and regulations as said board may prescribe. The sheriff may employ
guards and shall provide necessary clothing, food, and bedding for all prisoners com-
mitted to jail and shall be allowed such fees therefor as said board may determine.
Boards of county commissioners may do work on State roads with convict labor.

(R. C. 1907, sees. 9772-9776; Acts 1913, ch. 78.)

Nebraska.

State.—The board of commissioners of State institutions shall provide labor for the
prisoners; and no prisoner shall be hired out to contract, except as herein provided.
Any county, city, or village, through its proper officers, may contract with the warden,
subject to approval of said board, for prison labor to be used in building or repairing

roads or streets, or on other public wol-ks, at a wageto be agreed upon; and such
county, city, or village shall make satisfactory provision for boarding, lodging, safe-

keeping, and guarding all such prisoners. As a matter of discipline, the warden may
make deductions from the earnings of convicts for violation of a rule or for any mis-

conduct. One-half the amount credited to each convict shall constitute a fund for

the relief of those dependent upon him, and shall be paid to such dependent persons

on order of the board of commissioners of State institutions. Said board may grant

to prisoners employed outside the prison inclosure and to those making satisfactory

progress in the prison school a deduction of time from their sentences, m addition to

that otherwise granted by law, conditioned on good behavior and obedience to rules,

but such deductions shall not exceed one month from each year of the sentence.

(R. S. 1913, sees. 7317-7318, 7320-7322, 7324, as amended; Acts 1915, ch. 137, and
ch. 240, 1915.)

Counties.—The county board of each county having a population of over 2,000 and
under 100,000 and the mayor and council or legislative body of any city having a

population of over 5,000 and less than 100,000 shall provide for the employment of

pnsoners sentenced to the county jail or committed to jail for nonpayment of any
fine. (Acts 1915, ch. 70.)

Nevada.

State.—^When any prisoner shall be discharged from the State
_
prison, either by

expiration of sentence or pardon, the warden shall furnish him $25 in cash, to be paid

out of the State prison fund. (R. L. 1912, sec. 7596.)

The board of State-prison commissioners shall detail for work on the public high-

ways of the State such male convicts in the State prison asit may deem suitable for

such detail, excepting prisoners under death sentence; provided that such detail shall

be voluntary on the part of the convict. Convicts so detailed shall be under the

general direction of the warden and guards appointed pj him and subject to such

rules and regulations as said board shall establish. Prisoners shall not be required

to wear stripes, and for infractions of the rules the maximum_ pxinishment shall be a

return to confinement in the penitentiary and forfeiture of credits. For good behavior

and faithful work, convicts so detailed shall be allowed 10 days' time off their sentences

for each month of work in addition to the time off otherwise allowed by law; and in

addition thereto each convict shall be allowed 10 cents for each day's labor, which
may be paid those dependent upon him for support or allowed to acciunulate and be
paid to him on his discharge. Said board of prison commissioners, on recommenda-
tion of the State engineer or the county surveyor, shall determine upon what roads

such convicts shall be worked and shall pass upon the plans and specifications of said

engineer or county surveyor in respect thereto. The State engineer shall have general

supervision and fllrectionof the road work done. Counties shall, at their own expense,

coustruct bridges or other structures requiring skilled labor, but no convict shall be
employed thereon. Counties may be required to contribute in part to the expense
of maintenance of convicts. All expenditures necessary in carrying out the fore-

going, including trjols, implements^ horses, wagons, tents, bedding, clothing, tobacco,

medicine, and commiijgary materials and supplies shall be paid from the general
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road fund, except that part payment for clothing and commissary supplies, not ex-
ceeding 50 cents per day per convict, shall be paid from any appropriation made for

support and maintenance of the State prison. (R. L. 1912, sees. 7598-7602, and
Acts 1913, ch._288.)

Every con\dct not guilty of infraction of the rules and regulations, and who shall

faithfully perform the duties assigned him, shall be allowed from his term of sentence
a deduction of two months for each of the first two years; four months for each of the
second two years; and five months for each remaining year. (R. L. 1912, sec. 7585.)

Counties.—The board of county commissioners of the several counties may, by
proper order, establish a branch county jail in any town in the county and provide
that persons charged with or convicted of a misdemeanor in such town or other town
or townships mentioned in such order shall be imprisoned in such branch jail instead
of the county jail at the county seat. Said board in any county where such branch
jail is established may direct the jailor in charge of same to work the prisoners therein
confined on the streets of such town or on the public roads of the district or township
wherein such jail is located.

_
(R. L. 1912, sees. 7514-7616.)

The board of county comroissioners in each coimty, the mayor and board of alder-
men of each incorporated city, and the board of trustees of each incorporated town,
may make all necessary arrangements for working any prisoners committed to any
jails in such county, city, or town upon the roads, streets, or public works thereof,

for at least six hom's per day. The sheriff of the county, the chief of police of a city,

and the marshal of a town, respectively, shall have charge of such prisoners. Any
prisoner who shall be disobedient or disorderly may be confined in a dark and solitary

cell. Prisoners who shall be obedient and faithful shall have five days per month
deducted from the term of sentence. (R. L. 1912, sees. 7617-7622.)

New Jersey.

State.—The State commissioner of public roads may make application to the prison
labor commission for any number of prisoners confined in the State penal institutions

to labor on the public roads. Said prison labor commission, in conjunction with the
governing body of the institution from which such prisoners are to be detailed, shall

determine the number to be assigned, the cost of transportation and maintenance, the
compensation for labor, and may enter into an agreement with said commissioner of

public roads for payment of said cost of transportation and maintenance, or any por-
tion thereof. The governing body of the institution from which such prisoners are

to be detailed shall fix all rules of discipline and shall detail necessary guards for the
control and safe-keeping of the inmates so detailed . All such work shall be performed
under the supervision of the State commissioner of public roads, who may lawfully
expend any moneys available for construction, repair, and maintenance of roads to

meet the cost, or any portion of such cost, of housing, feeding, and guarding such pris-

oners while at work, or for purchase of tools, machinery, supplies, and road-building
materials needed. (Acts 1912, ch. 223, as amended; Acts 1913, ch. 290.)

"State prison" shall be taken to include the present existing prison in the city of

Trenton, and any and all State farms, camps, quarries, or grounds where convicts

sentenced to the State prison may be kept, housed, or employed. Its management
shall be vested in a board of inspectors consisting of six members appointed by the
governor, with the advice and consent of the senate, for terms of six years. The said

board of inspectors shall have exclusive management of the State prison, and shall have
power to make rules and regulations for the government and control thereof. All

expenditures shall be from appropriations made therefor, and earnings shall be turned
into the State treasury. A keeper of the State prison shall be appointed by the gov-

ernor, on advice and consent of the senate, for a five-year term, and he shall be the
executive ofiicer thereof and shall appoint all employees, including deputies, guards,

and physicians. Nothing herein shall prevent the board of inspectors from entering

into an agreement with the State commissioner of pubUc roads, or other department
of the State government, for the employment of prisoners on public work. (Acts 1914,

ch. 271, as amended; Acts 1915, ch. 390.)

Appropriations are made annually to meet transportation expenses of prisoners and
guards to and from farms and camps. (Acts 1915, chs. 403 and 405.)

Counties.—The board of chosen freeholders of any county may cause prisoners under
sentence, or committed for nonpayment of fine and costs, or in default of bond for

nonsupport of family, in the county jail or other county penal institution, except
females and those incapable of manual labor, or so many of them as may be required,

to work on the pubUc roads of such county, and also upon the grounds of any county
institution, and said board may pay the warden of such penal institutions such sum,
not exceeding 50 cents per day for each day of eight hours' vork performed by such
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prisoners, as shall be fixed by the board or the committee having charge of such insti"

tution. The amount so paid, less costs, if any, shall be held by the warden for the
benefit of such prisoner on his discharge, or may be by said warden paid, on written
order of the committing magistrate, to the dependent wife, minor child or children,

or aged, infii-m, or dependent parents, if any there be, of such prisoners; provided,
that any moneys expended under the provisions hereof shall be paid from the appro-
priation in such county for the maintenance of its roads and highways. (Acts 1912,

ch. 223, and 1915, ch. 119.)

New Mexico.

State.—The act creating the State highway commission provides that convict labor

shall be used in the work to be done thereunder, and that the board of penitentiary
commissioners shall, upon demand of the State highway commission, furnish such
number of con^'icts as shall be available for such work, together with necessary guards.

The expense of employing and transporting such guards, and of transporting and main-
taining such prisoners while so employed, shall be paid by the State highway com-
mission out of fimds provided for said commission. (Acts 1909, ch. 42.)

New York.

State.—The superintendent of State prisons may employ, or cause to be employed,
con\dcts confined in the State prison on the repair of State and county highways upon
request of the State commission of highways, and also in the improvement or repair

of any other highways. The expense of maintenance of such convicts while employed
in repaiilng a State or county highway shall be paid by the State commission of high-
ways, in the same manner as other expenses in repairing such highways. The agent
and warden of each prison may make such rules as he may deem necessary for the
proper care, custody, and control of such prisoners while so employed, subject to ap-
proval of the superintendent of State prisons. The agent and warden of each prison
may designate, subject to the approval of said superintendent, the highways and por-
tions thereof on which such labor shall be employed; and such portions so designated
and approved, except portions of a State or county highway, shall be under his con-
trol during such work, and the State highway commission shall fix the grade and width
and direct the manner in which the work shall be done. The superintendent of State
prisons may pm-chase any machinery, tools, and materials necessary in such employ-
ment, except on a State or county highway. (Prison Law, sec. 179, as amended;
Laws 1914, ch. 60.)

The board of supervisors of a county, or the town board of a town, in which any
portion of a State or county highway is situated, may present proposals and be awarded
a contract for the construction or improvement of such highway as provided in this

article, for and on behalf of such county or town. When such contract is entered
into,the board thereby undertaking to construct or improve a highway or section

thereof, may, by resolution, direct the person or persons designated for carrying out
the contract to apply to the superintendent of State prisons for convict labor in the
construction of such highway. The resolution shall specify the maximimi number of

con\dcts to be applied for. Such designated person or persons shall make such request
in writing, accompanied by a copy of the resolution, and said superintendent may
detail the nmnber of convicts so requested, or so many thereof as may be available,

who shall be under the immediate charge and custody of the officers and guards
detailed by said superintendent, except that the work shall be directed by the engi-

neers and foremen of the State highway department. The expense of maintenance
of such convicts shall be paid by the county or town entering into contract from funds
due thereon. A county or town may purchase machinery or tools for the construction
of a highway or section thereof, under any such contract, out of moneys to be paid
thereon, (Sec. 131, highway law.)

County.—After satisfying himself that proper quarters can be secured, the town
superintendent may, with consent of town board, request the supervisor of the town,
under the provi-sioris of section 93 of the county law, to procure prisoners serving
sentence in the county jail, for general work on the public highways of the town.
(Sec. 70, highway law.)

North Carolina.

State.—Any county, township, or road district desiring to use convict labor on
highways shall apply first to the geologic and economic survey to lay out and make
plans for said work, or to approve plans already made, and said county, township, or
roa/1 district .sliall then apply to the board of State prisrm directors for the number of

convicts desirefl, this number in no case to be less than forty. Said board of directors,

aa soon a.s possible after receipt of the application and the approval of the council of
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state, shall furnish the labor requested and proceed to improve the highway under
the direction of the State geologic survey. No such county, township, or district

may use at any time more than 100 convicts if an application from another county is

pending and no convicts are available for it. Such counties, townships, or road dis-

tricts shall pay to the State not less than $1 per day for each convict, shall furnish
quarters to be approved by the board of prison directors, and shall furnish pure drink-
ing water, firewood for camp use, and overseers to direct the work. All other expenses
of every kind shall be borne by the board of prison directors. The State farm or
penitentiary authorities or council of state shall at all times reserve a sufficient number
of convicts to cultivate the State farm. (Acts 1913, ex. sess., ch. 37.)

Counties.—The board of commissioners of the several counties, or other- proper
county authorities, and the mayor and intendant of the several cities and towns of

the State, may provide, under such rules and regulations as they may deem best, for

the employment on the public streets, highways, or works, or other labor for corpora-
tions, of all persons confined in the jails in their respective counties, cities, and towns,
upon conviction of any crime or misdemeanor, or for failure to enter into bond for

keeping the peace, or for failure to pay all the costs which they are adjudged to pay.
Said board of county commissioners may levy a special tax annually, as other taxes
are le\'ied, for the piirpose of paying the expenses of said convicts, the building
of stockades, etc., which expenses shall be paid by the counties taking advantage
of this chapter. (Pell's Rev. of 1908, sec. 1318 and ch. 24.)

It is a misdemeanor to work females on streets or roads. (Pell's Rev. of 1908, ch.

81, sec. 3596.)

Every convict sentenced to work upon the public roads who shall perform faithfully

the duties assigned him shall be entitled to a deduction of five days from each month
of his sentence. Any convict escaping or attempting to escape shall forfeit any
and all such deductions accrued up to the time of such escape or attempted escape.
(Acts of 1913, ch. 167.)

North Dakota.

State.—^The board of control of the penal and charitable institutions, and the warden
of the State penitentiary, shall employ all prisoners sentenced to the State penitentiary
in all necessary work in maintaining the institution, or in carrying on the work of the
industries established thereat, or at other State institutions, or on the public highways
of the State, and shall prescribe rules and regidations relating to the care, treatment,
and management of such prisoners. Such pi-isoners shall be employed imder proper
supervisors or officers, and may be employed upon the public highways of any county
when an agreement has been entered into by the State board of control and the board
of commissioners of such county, upon the same conditions as the employment of

prisoners at State institutions. The county shall pay all salaries and necessary
expense of maintenance, including cost of transportation to and from the penitentiary,
and furnish necessary tools and equipment required in carrying on said work. Prison-
ers so worked shall receive not less than 10 nor more than 25 cents per day for work
actually performed, the maximum compensation to be determined by the State
board of control. Prisoners so employed shall be placed on their honor not to attempt
to escape. They shall wear plain, inconspicuous garb and shall not be required to

work more than 10 horn's per day. The earnings of each inmate of the penitentiary
to whom money is paid shall be distributed by the warden monthly in the "tem-
porary aid accoimt," "the prisoners' general benefit fund," and the personal accoimt
of each prisoner and the "dependent relative" account of such prisoners as have
relatives dependent upon them for support, all of which accoimts shall be kept by
the warden. Said warden, with the approval of the State board of control, shall

establish rules and regulations relating to the conduct of prisoners and shall prescribe
penalties for violations thereof. Upon recommendation of the warden, the board of
control may allow extra good time to prisoners in addition to the good time otherwise
allowed by law. In computing such extra good time it shall in no case exceed the
good time now provided by law, and it shall be conditioned on good conduct and
diligent work. (Acts 1915, ch. 191.)

Ohio.

State.—^The boards of managers of the penitentiary and of the reformatory, so far

as practicable, shall cause all prisoners serving sentences therein, physically capable,
to be employed at hard labor not to exceed nine hours each day in the manufacture
and production of supplies for such institutions, or for the State or political divisions
thereof; or in the production of crushed stone, brick, tile, and culvert pipe. Such
products as are used in the construction or repair of pubUc roads shall be furnished
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the political divisions of the State at cost. Convicts from the penitentiary shall not
be worked with those from the reformatory. The board of county commissioners,
or trustees of a township, may apply to said board of managers for road material,

machinery, tools, or other appliances so manufactiKed and needed by them, obligating

themselves to use the same according to rules and regulations approved by the State
highway commissioner. (Page and Adams Anno. Ohio Gen. Code, 1912.)

State and counties.—^\^^lenever the State highway commissioner shall desire to use
any number of prisoners confined in the State penitentiary or reformatory to work
upon the State highways, known as the inter-county or main market roads, or to

employ such prisoners in preparing road-building materials, he shall make requisition

upon the warden or superintendent of the institution in which such prisoners are

confined, stating the number desired and the place where they are to be employed.
The rules and regulations under which prisoners shall work shall be prescribed by the
prison authorities, but the actual work done shall be under the control of the State

highway commissioner or those acting imder his authority. Said highway commis-
sioner may use any money available for the construction, repair, and maintenance
of roads, to pay the cost of transportation and discipline of such prisoners and to

piuchase tools, machinery, supplies, and road-building materials for use in connection
with the work of such prisoners. The amount to be paid said prison authorities, if

any, for the use of such prison ers, shall be agreed upon between them and the said State

highway commissioner, but the amount so paid shall not exceed the cost of transpor-

tation, maintenance, and discipline plus the amount to be credited to such prisoner

on account of his labor upon such highways. County commissioners may make
requisition in like manner for prisoners to work on the county highways or to manu-
facture road materials, and receive such prisoners on the same conditions as the State

highway commissioner. County commissioners may also make requisition upon the
authorities in charge of any workhouse for any number of prisoners confined therein,

or upon any jailer for any number of prisoners sentenced thereto, and same, as avail-

able, shall be fmnished upon the same conditions as above prescribed for State prison-

ers. Prisoners sentenced for nonpayment of fines and all persons convicted of crime
and sentenced to imprisonment in the State reformatory or penitentiary or the county
jail or workhouse, or other penal institution, shall be subject to labor hereunder.
Any city having a workhouse may use its prisoners on its streets or in preparing
materials for use on such streets; and any magistrate in a city or village not having
a workhouse may sentence prisoners convicted therein so to work. Persons confined

in such penal institutions because imable to give bond may, at their request, work
upon roads and streets, or in manufactvumg materials, the same as persons convicted.
The State highway commissioner, coun ty commissioners, or proper city or village

authorities may provide for the use of prison labor in connection with contracts let

to private individuals for the construction, maintenance, and repair of roads and
streets; but the discipline and legal custody of such prisoners shall remain in the
respective institutions furnishing them. If any prisoner shall not perform his work
satisfactorily, he shall be taken from the road force at the request of the proper au-
thorities and another substituted. On or before September 1 each year, the State
highway commissioner and the county commissioners shall report to the prison au-
thorities an estimate of the amount and kind of road materials that will be needed
the ensuing year, so that said prison authorities, if practicable, may arrange to manu-
facture same. The State highway commissioner shall include in his annual report a
full statement of the amount, cost, etc., of the convict labor used; and he shall require
such reports as he may deem necessary from county commissioners and other officials

using prison labor. Prison authorities shall, before January 1 each year, advise the
State highway commissioner and the county commissioners of the probable number of

prisoners that will be available for work upon roads during the year. The guards,
if any, shall, so far as possible, be selected from men who are competent to supervise
the work under construction. Any prisoner attempting to escape shall lose any
credits accrued to him on his prison term for good behavior, and the authorities having
chari^e of the prison from which said prisoners are detailed may, by special regulation,
provide for additional credit on the terms of such prisoners for good behavior. County
commissioners may contract with the authorities in charge of any workhouse or penal
institution of any other county or city for tlie use of convicts on the roads, or in the
manufacture of road materials. The authorities of the various institutions having
custody and control of such prisoners, and the various authorities of the State, counties,
cities, and villages having charge of roads and streets, shall have full power and au-
thority to do all things necessary to make the provisions hereof effective for the use
of prison labor on the highways and streets, and the authorities having charge of said
roads and streets shall have power to use any of the moneys provided therefor in any
way necessary for that purpose. (Acts 1915, Senate bill No. 125, sees. 261-279.)
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Counties.—Boards of county commissioners may purchase or lease beds of lime-
stone or other road-building material after same is approved by the State highway
commissioner as being suitable, or such boards may lease and operate a plant for manu-
facturing brick or other road materials and supplies. When such purchase or lease

is made the said board shall make necessary aiTangements to work the county con-
victs thereat, such convicts to include those persons whose punishment, in whole or

in part, is imprisonment in jail or workhouse, and all persons, physically capable,
who are confined for failure to pay a fine or costs in a criminal prosecution. All such
piisoners shall be under control of the board of county commissioners, who may enact
all needful rules and regulations for the successful working of such prisoners, employ
a supeiintendent and necessary guards and attendants, and levy an annual tax, as

other taxes are levied, for paying the expenses of such convicts and for carrying out
the pm-poses hereof. (Page and Adams Anno. Ohio Gen. Code, 1912, sees. 2229-2239.)

Oklahoma.

State.—The State board of pubUc affairs and the department of highways are
required to make all necessary arrangements for working State con^dcts upon the
public highways of the State under the following conditions: (a) The State shall

fiurdsh all tools and machinery and draft animals out of fimds appropriated for that
piupose; (b) the fiUTiishing of tentage, housing, quarters, and equipment pertaining
to the custody of the prisoners shall be paid from prison funds available for the main-
tenance of such prisoners. Food, clothing, guarding, sanitary appliances, and med-
ical attention for convicts in road camps shall be provided by the State the same as

if the convicts remained at the State prison. The county desiring convicts to work
upon the State roads must bear the cost of transporting the men, animals, tools, and
guards, and shall furnish food for animals, board for guards, fuel and supplies for

power machinery and ordinary repairs to same, paying therefor out of the county
road and bridge fund. Metal, cement, stone, or other road-building materials shall

be fiunished by the county unless it is planned to produce same with convict labor,

which is hereby authorized. The State board of public affairs shall formulate rules

and regulations for the government of State convicts while at work on roads, including
good-time allowance for good behavior and efficient service. The corporation com-
mission may make and enforce rates for transportation of persons and freight in con-
nection with such convict labor. Said work shall be performed on such roads and
of such kind and character as designated by the board of county commissioners of

the county where located, and the county shall bear all cost of materials. Convicts
so worked shall be divided into groups of not exceeding 100 men each and only one
group may be worked in a county at a time and not for more than five months in any
one coimty in any one year, nor shall any two groups be worked in any coimty until
all coimties making application therefor shall have received their proportion of work
by said convicts. (Rev. Laws 1910, sec. 7601, and Acts 1915, ch. 173, art. 5.)

Counties.—The board of county commissioners may purchase such equipment as

may be necessary for employing convicts or other labor upon the public roads and may
pay for same from either the court or road and bridge fund. Said board may work
any convicts confined in the coimty jail, either as punishment for crime or in lieu

of payment of fine and costs, upon the public highways and may employ such guards
and other assistants as may be required. When in the judgment of said board the
expense of working convicts upon the highways is too great on account of the small
number available, or for any other reason, it may provide necessary apparatus and
work such convicts in crushing rock for use on the public highways of the coimty.
Any person working upon the pubUc roads in Ueu of payment of fine and costs shall

be allowed a credit of |1 per day thereon. The board of county commissioners may,
by agreement with the city council, receive such prisoners of any city, but for the
services of such city convicts shall only pay the cost of maintenance. Said board
shall purchase supplies for feeding and maintaining county convicts while at work
from the lowest and best bidder, and shall furnish wholesome food in sufficient quan-
tity and variety, together with medical attention when required. (Rev. Laws 1910,
sees. 7590-7596, and Acts 1913, ch. 112.)

Oregon.

State.—^The superintendent of the Oregon State Penitentiary shall furnish and use
such convicts as he may deem reasonably safe for that purpose to do the work neces-
sary to repair and properly improve the roads leading to certain State institutions.
A competent road builder may be employed to direct such work, and he may employ
extra guards and purchase necessary machinery, tools, and mateiials. Each convict
so worked shaU receive a credit upon his sentence of two days for each day he shall



CONVICT LABOE FOR ROAD WORK. 211

faithfully work; but if at any time he shall fail to so work he shall forfeit all or as

manv of said credits as said superintendent shall deem proper. (Lord's Oregon Laws,
sees .'6436-6437.)

The State shall not contract with any private person, firm, or corporation for the
labor of con\dcts of the State penitentiary. Upon written request of the county
coui't of any county or of the superintendent of any State institution the governor
may detail fifom the State penitentiary such con\T.cts as in his judgment may seem
proper for use on the public highways of such county. (Laws 1913, ch. 2.)

Fifty thousand dollars is appropriated to be used by the board of control of the
State of Oregon to install and equip with necessary machinery such plants as in its

discretion may seem wise. Said board may use such portion of the amount so appro-
priated as it may deem advisable in employing convicts from the Oregon State Peni-
tentiary in road building in the State, and shall make all rules and regulations neces-
sary for same. (Acts 1915, ch. 251.)

Counties.—-Able-bodied convicts serving sentence in any city, town, or county
jail or prison, as punishment for crime or in default of fine, may be placed by the
county coiu't under the control of any road supervisor, or other person appointed to

take charge of such con\icts, to be worked on the public roads of the county, or such
other pubhc work as said court may direct. The county court shall make rules and
regulations in regard to the employment of such convicts and for allowance of com-
pensation and credits in time for good behavior; provided that no credit in excess
of 10 days per calendar month shall be allowed, and if imprisonment is for nonpayment
of fine, such convict shall be made to labor at rate of $2 per day until such fine is

paid. Any county court may transfer to the county court of any other county any
of the con\dcts committed to its control, upon such terms and conditions as may be
agreed upon by the county courts concerned. Any convict who shall refuse to work
shall be fed bread and water until he shall signify Ms willingness to work. If any
county shall have created a board of county commissioners, or other board or tribunal,

to have charge of the management of the pubhc roads of such county, it shall have the
same power as the county coiurt under tMs act. (Laws 1913, ch. 3.)

Pennsylvania.

State.—All persons sentenced to the Eastern or Western Penitentiary, or to the
Pennsylvania Industrial Reformatory at Huntington, or to any other correctional
institution hereafter estabUshed by the State, physically capable of such labor, may
be employed eight hours per day at hard labor for the purpose of manufacturing and
producing supplies or materials for said institutions, or for the State or any county
thereof, or for the purpose of industrial training or instruction, or in the manufacture
and production of crushed stone, brick, tile, culvert pipe, or other material suitable

for use in road building. A prison labor commission is created, to be composed of a
member of the board of prison inspectors of each of said institutions, respectively,
wMch said commission shall determine the amount, kind and character of machinery
to be erected in such institutions, the industries to be carried on therein, the number
and character of inmates, and shall arrange for the sale of the materials produced to

the State, or any county, or to any public State institution. For the purchase of

material, equipment, and machinery, a special appropriation of $75,000 was made
to the said prison labor commission, to be known as the manufacturing fund, and
receipts from the sales of manufactured articles shall be credited to said fund. Each
pri.soner shall be credited with wages for the time he actually works, the rate of such
wage.? to be regulated at the discretion of the prison labor commission, but it shall not
be le.ss than 10 nor more than 50 cents per day. Three-fourths of the amount so credited
or the entire amount if the prisoner so desires, shall constitute a fund for the relief of

any per.son.g dependent on such prisoner. In case there are no dependents the sum
shall be deposited to the credit of the prisoner. (Acts 1915, No. 289.)

Counties.—The warden of any jail may detail for work on the public liighways such
convicts aa he may deem advisable, except prisoners under sentence of death. Writ-
ten request for such convicts shall be made by the State highway commissioner for all

State roads; by the county commissioners for all county roads; by the township com-
missionerfl or township supervisors, as the case may be, for township roads, and by the
mayor or burgess for all municipal streets. Such detail, however, shall be voluntary
on the part of the prisoners. Convicts while so working shall be under general direc-
tion of the warden, or overseers appointed by him, and subject to such rules and regu-
lations as he .sliall prescribe. Such convicts shall not be required to wear stripes.

For infractions of the rules and regulations the maximum punishment shall be the
.summary return of the prisoner to confinement in the jail and the loss of all deductions
from w;ntenf;e to which he may be entitled at the time. Each convictshall be allowed
25 centa for each day he labors, which sum shall accummulato as a fund to be paid him
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on his discharge, in addition to the sum of money ordinarily given discharged con-
victs. On petition of any convict, the warden may pay such sum, or part thereof,

in support of those dependent on such prisoner. Convicts shall for good conduct and
faithful work be granted such good time in addition to that allowed by law as the
governor may order, not to exceed 10 days in any calendar month. Convicts so

employed shall not be used in building any bridge or other structure of like character,

or do any work in connection therewith which requires the employment of skilled

labor. (Acts 1915, No. 359.)

Every male prisoner in any jail or workhouse may be worked eight hours daily,

but no steam, electricity, or other motive power shall be used in conducting such
work. Such labor shall be classified, fixed, and established by a prison board, created
for each county, and shall be performed in accordance with rules and reguulations
prescribed by said board, and may be performed on the public highways. Preference
shall be given to roads leading to county seats. Said prison boards are authorized to

spend such sum of money, out of any money in the county treasury not otherwise
appropriated, as may be required for the purchase of materials and tools adapted to

the work, as per classification. The respective prison boards may employ such depu-
ties and other officers as shall be necessary for the supervision, safe-keeping, and good
conduct of such prisoners. Any prisoner who shall escape while so working shall be
deemed to have committed a breach of prison, and shall be subject to the penalty
provided therefor. (Acts June 18, 1897; Apr. 29, 1899; and Apr. 24, 1901.)

South Carolina.

General.—Any person serving a sentence of six months or more, life sentences ex-
cepted, either in the State penitentiary or any county jail, or upon the public works
of any county, shall be entitled to have one-tenth of such sentence deducted for good
behavior. (Acts 1914, No. 352.)

State.—The county supervisor from each coimty in the State may be allowed to
use without charge, for the purpose of working the roads of the county, any of the
convicts he may. select of those sentenced from his county to the State penitentiary.

Said convicts shall be under the absolute custody and control of the supervisor and
whatever guards he may appoint. (Actsl914, No. 366.)

The punishment for arson shall be death by hanging, but the jury may find a special

verdict with recommendations to mercy, whereupon punishment may be reduced to

a term of imprisonment in the county jail or at hard labor in the penitentiary or on
the pubhc highways, in the discretion of the court. (Acts 1915, No. 133.)

"Whiere punishment of imprisonment is provided for crime, all able-bodied male
convicts shall be sentenced, without regard to the length of sentence, to hard
labor on the public works of the county in which convicted, if such county maintains
a chain gang, and in the alternative to imprisonment in the county jail or the State
penitentiary at hard labor. Races and sexes shall be kept separate. Should the
supervisor or commissioner of any county find it impracticable or inconvenient to

work any such convict, he may turn him over to the penitentiary authorities. (Acts
1914, No. 291.)

Counties.—All courts and municipal authorities having power to sentence convicts
to imprisonment at hard labor shall sentence all able-bodied males to work upon the
public works of the county or of the municipality. All such convicts shall be under
the exclusive control of the county supervisor and by him formed into a county chain
gang and required to work on the highways, bridges, ferries, and other public works
of the county. Municipal couAdcts shall be so worked under proper municipal authori-
ties. The county board of commissioners shall feed and provide suitable guards and
appliances for safe-keeping said convicts, and shall provide all necessary tools and
implements, all costs and expenses of which shall be paid out of the county road
fund. Municipal authorities shall make like provision for municipal convicts. If

in the judgment of the board of county commissioners the number of convicts avail-

able is insufficient to warrant the expense of maintaining a chain gang, the supervisor
of such county may contract with the supervisor of any other county for hiring or

exchanging such convicts. (Codeof 1912, Vol. I, Title VI, sees. 956-962.)
The county commissioners shall not let to contract the repairing or building of any

bridge which can be repaired or built by a chain-gang force. (Code of 1912, Vol. I,

Title VI, sees. 1079-1081.)
South Dakota.

Counties.—^Able-bodied male prisoners, over 18 and not more than 50 years of age,
confined in any county jail, or any prison or lockup of any city or town, may oe
required to labor not more than eight hours per day upon the public roads or streets,

or other public works. Persons awaiting tnal may, at tlieir request, be allowed to
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perform sucli labor. Each prisoner so laboring may be paid a reasonable compensa-
tion by the county if imprisoned for violation of State law and by the city or town if

for violation of an ordinance, by-law, or regulation. Such compensation, or such
portion thereof as the coiu't shall direct, may be paid to the wife or dependents of such
con%T.ct. "^Tien imprisonment is for violation of a State law and the prisoner is con-

fined in the county jail, such labor shall be performed under the direction of the

county board and superintended by the sheriff, who shall furnish necessary tools

and materials at expense of the county. The officer in charge of such prisoners may
use all reasonable means to prevent escape and to enforce obedience. Vor refusal to

labor or obey orders in reference thereto a prisoner may be kept in solitary confine-

ment on bread and water, but not for more than 10 days for any one offense, nor more
than 90 days in all. For each day's labor the prisoner shall be credited $2 on any
judgment for fine. (Acta 1915, oh. 257.)

Tennessee.

State.—^The Tennessee Board of Control shall make rules, regulations, and contracts

for the emplojinent of inmates of the Tennessee State penitentiary and the Brushy
Mountain Penitentiary on the highways of the State and on railroads to be built, and
in operating the State farms, and on any and all roads necessary and of value to the
State's properties. On or before March 1, each year, said board shall ascertain the
number of prisoners available to work on roads and shall notify the county judge or

the chairman of the county court of each county who may apply for such convicts.

Said board shall fix and select the camps and prepare equipment for the working of

such con"\-icts, and such convicts and all machinery used by them shall be under the
absolute control of such officers as may be designated by said board, but the work
shall be done on such roads as may be designated by the county authorities. Not
less than 50 prisoners shall be furnished to a county and they may be worked from
April 1 to December 1. The rate of compensation for such inmates shall be fixed by
said board and the county authorities by agreement, but shall not be less than $1 per
ten-hour day. Said board may pay all necessary costs of transportation of prisoners,

guards, and equipment out of the prison fund; and shall provide comfortable and
sanitary quarters. The rules and regulations of the penitentiaries and all laws appli-

cable shall apply to the discipline of such camps. The board may, in its discretion,

contract with a county for building highways with convict labor, such contract to

be made only upon authority of the governor and approval of the State engineer.

Said board may employ and designate such person or persons deemed necessary as

camp and road superintendents and as guards. (Acts 1915, ch. 114.)

Counties.—All persons confined in county jails or workhouses, either under sentence
for crime or for nonpayment of fine and costs, shall be available for work on the public
highways. (Code of 1896, Part I, sees. 1642-1644.)

The judge or chairman of the county court, the clerk of the county court, and the
sheriff of each county are constituted a board for their respective counties to enter into
contracts with public road commissioners, or with other officers or road contractors hav-
ing superintendence of public road work, for the employment on such roads of prisoners

confined in the county jails for nonpayment of fine and costs. The sheriff shall appoint"
guards for such prisoners, and the county court shall furnish said guards with picks to

go on each prisoner to prevent his escape. Said prisoners may be worked eight hours
per day on any of the public roads of the county, and shall receive 75 cents for each
day's work in addition to the 25 cents otherwise allowed by law, which shall be
credited on .such fine and costs. Prisoners of two or more counties may be combined
by said boards and worked on roads of said counties. (Acts 1899, ch. 358.)

All county prisoners subject to labor shall be employed, as far as practicable, on
the public highways, and may be let to contractors who will employ them on the
public roads, eight hours per day. County authorities shall name guards. (Acts
1899, ch. 368, sec. 7.)

Texas.

Counties.—County convicts shall be put to work upon the public roads, bridges, or
other public works of the county when their labor can not be utilized in the county
workhouse, or on the farm. They shall labor not less than eight nor more than 10 hours
per day. Convicts so worked shall be properly guarded. A prisoner may avoid
manual labor in the workhouse or elsewhere by payment into the county treasury of

$1 per day for each day he would have to work. (Rev. Civil Stats., 1911, title 104,
Art. 62:i8, 6246-^j248.)

The rommifisioners' court shall require all male county convicts, not otherwise
employed, to labor on the public roaas, under such regulations as it may prescribe,
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and each, convict so worked shall receive 50 cents, first on Ms fine and then on costa

for each day he may labor. Said court shall at each term allow the court officers and
witnesses such amount of their costs, not to exceed one-half, as have been so satisfied in
full by labor, which shall be paid from the road and bridge fund. For faithful service

and good beha\'ior said court may gi'ant a reasonable commutation of time for which
a convict is committed, but not in any case more than one-tenth of the whole time.

The commissioners' court may provide for necessary houses, prisons, clothing, bedding,
food, medical attention, superintendents, and guards; and may prescribe such rea-

sonable regulations and punishments as may be necessary to secure good work. (Rev.
Civil Stats., 1911, title 119, sees. 6967, 6979.)

Utah.

State.—The prisoners in the county jail may be required to work upon county roads
under regulations made by the county board of commissioners, and prisoners in the
State prison may be required to work upon State roads, or in providing road materials.

State convicts so worked shall be under the authority and control of the State Road
Commission, the State Board of Corrections, and the warden of the Utah State Prison,

but actual supervision of the work shall be under such competent persons as may be
selected by the State Road Commission. Such convicts shall not be worked more
than eight hours per day, and the State Road Commission may designate from time
to time the roads on which such labor shall be performed. Said State Road Commis-
sion shall cause surveys to be made and plans and specifications to be prepared, and
shall designate the materials to be used. Rights of way for State roads to be improved
by such convict labor shall be secured by the county commissioners. Bridges and
culverts necessaiy on such roads shall, as far as practicable, be built with couAdct
labor, and according to plans approved by the State Road Commission. Any mate-
rials necessary to be purchased for such bridges and culverts shall be paid for by the
State Road Commission out of that portion of the State Road lund available to the
county where such bridge or culvert is located. Funds are provided by the legis-

lature to pay extra guards and foremen and for the purchase of tools, implements,
blasting materials, supplies, and equipment necessary in prosecuting said work.
(Laws 1911, ch. 76.)

Counties.—The board of county commissioners may provide for working misde-
meanor prisoners confined in the county jail, upon the public grounds, roads, streets,

alleys, or public bmldings, when such prisoners are liable to labor. (Acts 1911,

ch. 119.)

A'ermont.

Counties.—All male prisoners under sentence in a county jail may be required by
the sheriff to work not more than 10 hours each day within or without the walls of

the jail. The labor to be performed shall be classified and fixed, from time to time,
by the sheriff and shall be subject to such rules and regulations as he may prescribe,
and said sheriff may require said prisoners to work on the public highways. Said
sheriff may spend such sum as may be necessary for the purchase of materials and
tools. The proceeds of such labor, if any, shall be appHed in payment for such mate-
rials and tools, and one-half of any balance thereafter shall be turned over to the
State treasurer and the remaining half shall be paid to the wife and minor children
of said prisoner, if any there be, and if there are no such, then to him on his discharge.
If a prisoner shall escape while employed without the jail walls he shall be guilty of

prison breach and punishable accordingly. (Pub. Stats. 1906, sees. 6104-6107, as
amended; acts 1915, Nos. 1 and 223.)

Sheriffs of the several counties may employ, or cause to be employed, able-bodied
prisoners, confined in the county jails upon conviction for crime, in improving the
pubUc highways within a radius of 30 miles from such jail and outside of a city or

incorporated village. Such sheriff, or keeper of each jail, may make such rules and
regulations as he deems necessary for the care and safe-keeping of such prisoners,

subject to approval of the attorney general and the governor. The State highway
commissioner, subject to approval of the sheriff of each county, shall designate the
highways upon which labor shall be performed; and such highways, or portions
thereof, so designated shall be under the control of such State highway commissioner
or his assistants during such work, but the care of the prisoners while so employed
shall be imder the sheriff or his deputies. Persons interfering with such prisoners
while so employed are subject to arrest without warrant and to fine or imprisonment.
(Acts 1912, No. 244.)
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Virginia.

State.—Persons convicted of crime and sentenced to the State penitentiary and
persons con\'icted and confined in public jails, shall be delivered to the superintendent
of the penitentiary and shall constitute the State convict road force. No prisoner
under 16 years old shall be so worked, and it shall be discretionary with the court
as to whether those over 16 and under 21 years old shall be worked. Persons con-
victed of violating city or town ordinances shall be primarily liable to work on the
chain gang or public work within such city or town. The superintendent of the
penitentiarj'^ shall be allowed for keeping and supporting such prisoners the fees

allowed jailers for similar service, which are as follows: For each prisoner, per day,
40 cents; but where there are 3 and less than 10 prisoners, for each, 30 cents; and
where there are more than 10 prisoners, for each, 25 cents; which fees shall be paid
by the State for prisoners convicted of violations of State laws and by cities or towns
for prisoners convicted of violation of the ordinances thereof. Rules and regulations
in force at the penitentiary shall be applicable to the State convict road force, unless
manifestly inconsistent, and unless the State highway commissioner shall deem it

necessary to alter or amend them. If any jail prisoner shall escape and be recap-
tured, he may be sentenced to from 30 days to 6 months for such escape, and for suffi-

cient additional time at 50 cents per day as will pay the cost of his recapture, such
additional time not to exceed one year. The superintendent may discharge a pris-

oner wherever he may be in the State when his term shall expire, and shall furnish
him transportation to the county or city from which he came and, if he need it, a suit

of coarse clothing. Each prisoner so discharged may, in the discretion of the board
of directors of the penitentiary, be allowed not exceeding $10. Said superintendent
shall detail, or appoint with the approval of the State highway commissioner, guards
for the convict road force. Persons competent to supervise the work under construc-
tion shall, as far as practicable, be detailed or appointed as guards. The said super-
intendent, with the approval of the State highway commissioner, may appoint an
assistant to have charge of the said road force. A county which maintains and works
a chain gang on its roads may retain its jail convicts in said chain gang. As far as
practicable, and at the request of the State highway commissioner, trusties may be
made of the convict road force. The superintendent shall provide suitable and
movable quarters, wagons for transporting the convicts and camp fixtures, cooking
utensils, beds, clothing, and food, in the same manner as for convicts in the peniten-
tiarj'. The number of convicts desired for work in any county shall be sent to such
county by the said superintendent on the requisition of the State highway commis-
sioner. An engineer appointed by the State highway commissioner, and paid by the
county having the benefit of his services, shall have charge and supervision of the
work done by such convicts, and such work shall be done according to plans and
specifications furnished by the said highway commissioner. Necessary medical
attention shall be provided by the county in which a convict may be working.
The cost of organizing, equipping, and working said convicts is provided for by the
creation of the State convict road force fund, which consists of the fees allowed by
law to jailers for supporting prisoners, and the sum of $145,000 appropriated
therefor annually by the legislature. County authorities may arrange to improve
any main traveled road by contract, and may secure the services of such num-
ber of convicts for work thereon as will amount to a contribution on the part of the
State of not exceeding 40 per cent of the total contract price of such improvement,
estimating such labor at SI per day per convict. (Code of 1887, sees. 3532, 4147;
Acts V.m, chs. 73, 74; Acts 1908, chs. 65, 84; Acts 1910, ch. 267; Acts 1912, eh. 58;

and Acts 1914, ch. 199.)

Per.son3 in jail and unable to arrange bail may, at their election and with approval
of the Commonwealth's attorney, be worked in a chain gang or on the State convict
road force. If such person be convicted when tried, he shall be credited with the
time he shall so work on his sentence; or, if he be fined, he shall be credited with
50 cents on such fine for each day he shall have so worked; and if he be acquitted
he shall be paid 50 cents for each day he shall have so labored. (Acts 1906, ch. 59.)

Counties.—In any county or city in which no chain gang has been organized the
judge of the circuit court or of the corporation court of such city shall, upon appli-

cation of the board of supervisors of any county in which a chain gang has been
established order any person confined in the jail of his county or city and liable to

work on chain gang,s, to be delivered to such other county to be worked on its chain
gang. The county receiving such prisoners shall keep and maintain them out of

ita road fund. (Code of 1904, title 16, ch. 43.)

The council of each city and town, and the board of supervisors of each county,
or, if they do not act, the judge of the corporation court ot such city or town, or of
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the circuit court of such county, may establish a chain gang in such city, town, or

county to work the roads and streets thereia. Only male prisoners above the age of

16 shall be worked in such chain gangs. If any county has not a chain gang of its

own, such prisoners may be hired to any coxmty, city, or town which has one. Such
city or town council or coimty board of supervisors or the circuit or the corporation

court judge shall prescribe necessary rules and regulations for governing and work-
ing such convicts and shall pro^ade clothing and maintenance expenses. Such
r^lles and regulations may be enforced by corporal pimishment. Prisoners escaping
may have one month added to their sentence. Persons held to labor for nonpayment
of fine or costs shall be credited on same 50 cents for each day they shall so labor,

but no persons shall be required to so work for more than six months for failure to

pay such fine or costs. Persons so working shall receive the same credit on their

sentence for good behavior as convicts in the peritentiary. (Code of 1904, title 16,

ch. 43, sees. 3932-3937; acts 1908, ch. 354.)

Washington.

State.—The State highway board may, in its discretion, cause any State road to be
constructed either under contract or by force accotmt; and if by force account the
work shall be done by convict labor to the extent that same may be available and
advantageously used. When any money shall be appropriated for any State road or

roads, and the State highway board shall have determined to construct such road or

roads by convdct labor and free labor, as aforesaid, said board may purchase necessary
road machinery and pay for same from the appropriation made for different roads in
proportion to the use that will be made of it on each road. Persons physically able
so to work who are confined in the State penitentiary and not engaged in other work
by the State board of control may be worked on roads, and said board of control
shall monthly certify to the State highway commissioner the number of prisoners
available. Work done shall be under supervision of the State highway commis-
sioner, but the control and management of all such prisoners shall be imder super-
vision of the State board of control. The expense of the care, maintenance, and
transportation of all such prisoners shall be paid out of the funds authorized to be
used for the particular road on which such work is done, pro"\dded that a part of such
^expense equaling 25 cents per day per person employed shall be paid out of the appro-
priation for the maintenance of the particular institution from which such persons
are taken. (Rem.-Bal., sees. 5869-1-2, 8575-1-3; Laws 1913, chs. 114, 132.)

State quarries.—The board of geological survey shall cause to be made an investi-
gation of the road materials of the State and their location; and after such investi-
gation the State highway commissioner shall select four or more sites for locating
rock quarries and crushing plants for supplying materials suitable for road building,
which said sites shall be acquired for the State by the State board of control. When-
ever such site and quarry is procured, the State highway commissioner may forthwith
erect thereon such stockades and buildings and purchase and install such rock-
crushing plants, machinery, appliances, and tools as may be necessary for the keeping
and working of State convicts thereat, under charge of the superintendent of the
penitentiary. All rock so crushed shall, upon request of State highway commis-
sioner, be loaded upon cars or vessels and there delivered to said commissioner for

use in the construction or maintenance of State or State-aid roads. The surplus not
so requii'ed may be disposed of by tlie State highway commissioner to counties, cities,

or towns in the order of application therefor; and if the demand from such counties,
cities, and toAvns shall exceed the supply it shall be equitably apportioned among
them. All materials used by the State highway commissioner shall be paid for out
of the appropriation for the particular road on which used, and all such material
fiunished to him or to such counties, cities, or towns shall be at a price of not less

than 10 per cent above the estimated cost f. o. b. at place of production. Any addi-
tional surplus may be otherwise sold for not less than the cost of production. A
"quarries rotary fund" is created, to consist of all moneys received from the sale
of products of the quaiTies and some other sources of revenue. Such fund shall be
used for operating such quarries. A superintendent of quarries may be appointed
by the State highway commissioner to have and exercise s»ch powers and perform
such duties in connection therewith as shall be from time to time prescribed. (Rem.-
Bal., sees. 5907-5914, 6604-2-3; Laws 1909, pp.-39; sec. 1, 810-811, sec. 3, 814, sec.

7; Laws 1911, chs. 73, 114; Laws 1913, ch. 164.)
Counties.—The sheriff of each county shall employ all male persons sentenced to

imprisonment in the county jail in such manner and at such places within the county
as may be directed by the board of county commissioners. Such convicts who shall
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refuse to perform such labor shall be kept in close confinement on bread and water.
The sheriff may, to secure such convicts from escape, attach a ball and chain. Any
person convicted of abandonment or neglect of family shall be compelled to work
upon the public roads, or any other public work in the county, and the board of

county commissioners shall allow and order paid out of the current fund to the wife
or guardian or custodian of the child or children at the end of each calendar month
for their support 11.50 for each day's work of such prisoner. (Rem.-Bal., sees. 2279,
3S95, 5933-2; Laws 1909, ch. 249, sec. 27; Pierce's Code, 1912, p. 115, sec. 213, p.
135, sec. 53.)

West Virginia.

Stale.—Whenever any county court shall have decided to construct or improve a
road in accordance with plans and specifications made by the chief road engineer,

and shall have agreed in writing with the State road bureau respecting the location,

construction, and material, then such county court may apply to the State board of

control for couAicts to work on such road, stating the number, not less than 10, de-
sired and the length of time they are desired. If the number of prisoners available

in the penitentiary will suflace to meet all applications pending, said board shall

grant all such that ai'e satisfactory. If the prisoners available are not sufiicient to meet
all applications, such applications shall be filled in the order of their receipt, but, so

far as possible, equal service shall be given to all counties. The board of control,

with the warden of the penitentiary, shall determine what prisoners may be assigned
to such work, and a written contract shall be entered into between the board of con-
trol and the county court. (Acts 1913, ch. 41.)

The State prison road force shall be guai'ded, while working on the roads of the State,

or making road materials, by guards detailed by the warden of the penitentiary, not
to exceed two guards to every 20 convicts. At the request of the State road bureau,
prisoners may, as far as practicable, be made trusties. The warden shall provide suit-

able movable quarters, necessary cooking utensils, beds, wagons for transporting con-
\T.cts, camp fixtures, clothing, and food; provided, that the State road bureau may
require any county to pay for food and quarters when working therein on a road chiefly
of local importance. All work shall be under the direction and control of the chief
road engineer. '\^Tien a convict shall become sick he shall receive proper attention
at expense of the county. Any county desiring convicts under this act shall agree
to supply all necessary material, tools, and teams required by the plans and specifica-

tions of the chief road engineer. If a convict shall escape he shall receive the same
punishment as is provided for escape from the penitentiary. (Acts 1913, ch. 41,
sees. 19-25, 28.)

If the local road authorities of any county shall propose to improve any public
road with the aid of the chief road engineer and the State convict road force, but
shall prefer to have it done by contract, same may be done and convicts furnished
at $1 per day in number not to exceed 40 per cent of the total contract price. Con-
\dct3 so emploved shall remain under the supervision and care of the penitentiary
warden. (Acts 1913, ch. 141, sec. 27.)

Counties.—Any male person over the age of 16 convicted of an offense punishable
by confinement in the county jail shall be sentenced by the court, in its discretion,

to work on the public roads under the county road engineer or other official to be
designated by the county court. (Acts 1913, ch. 42.)

All male persons over 16 years old, convicted before a justice of the peace of crime
and sentenced to imprisonment in county jail or to pay a fine and costs, may be sen-
tenced to hard labor on the public roads. Such convict who shall escape shall be
given an a/lditional sentence of not less than 60 days nor more than six months, plus
the cost of arrest and trial. The sheriff, with approval of the county court, shall

employ necessary guards, not exceeding one for each 10 convicts. Such prisoners
who .shall faithfully comply with rules and regulations shall be entitled to a deduction
from sentence of five days per month. (Acts 1913, ch. 43.)

Persons charged with misdemeanor and awaiting trial in default of bail may, if

they elect, be permitted to work on roads in like manner as convicts. Any such
person who shall be convicted when tried shall be credited at $1 per day, with such
work on his sentence or on fine and costs, and if acquitted he shall receive 50 cents
per day for such labor. A deduction of five days per month shall be granted such
parsoTLH for compliance with rules and regulations. (Acts 1913, ch. 44.)

Jailers shall receive 50 cents per day for keeping and supporting a person confined
in the county jail. (Acta 1915, ch. 93.)
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Wisconsin.

State.—The State board of control may employ inmates of the State prison in
improving such roads as said board and the State highway commission may cfetermine

and in such manner and under such terms as may be agreed upon. For each convict
so employed said board shall set aside for such work performed such per diem as shall

be deemed proper, said money to be paid either to such convict or to the dependent
members of his family. Said board may purchase or lease necessary tools and
machinery. (Acts 1913, ch. 717.)

Counties.—In counties having a population of less than 100,000 there may be pro-

vided by the county board convenient to the county jail a quantity of stone and
appropriate implements for breaking same suitable for road purposes. All able-

bodied male persons convicted and sentenced to imprisonment in the county jail

shall be employed in breaking such stone not more than eight hours per day. County
boards of supervisors may prescribe necessary rules and regulations to govern such
work and for the maintenance of such stone and implements. (Wis. Stats. 1911,

Title XXXIV, ch. 202.)

Wyoming.

State.—The construction, repair, and maintenance of the system of public highways
established by chapter 44, acts of 1911, as amended by chapter 124, acts of 1913, shall

be under the authority and control of the State commission on prison labor, who shall

construct same and extensions thereto by the labor of convicts obtained from the
State penitentiary. Supervision of such work shall be under a competent person
selected by said commission, but said con"\'icts shall not be worked more than eight
hours any day. Said commission shall adopt rales and regulations providing for the
granting of an additional good-time allowance in the case of prisoners serving short
sentences and better food for prisoners serving life sentences, conditioned on good
beha^dor and efficient work. The location, surveying, plans, and specifications and
the selection of materials for such highways shall be under the direction of the State
engineer, the expense for which, including salary of deputy engineer to be furnished
by the State engineer, shall be paid by the board of county commissioners of the
county or counties in which said work is done. Boards of county commissioners of

the several counties thi-ough which said pubHc highways pass shall secure the rights

of way therefor, and shall build the necessary bridges over any and all rivers over
which said highways pass, provided such bridges shall be built in accordance with the
plans of the State engineer, and that, as far as practicable, bridges across small streams
shall be constructed by said con^dct labor. Appropriations from the State treasury
are made to pm'chase necessary tools, implements, supplies, and equipment in con-
nection with employing prisoners on public highways, $5,000 being so appropriated
for the two years ending March 31, 1917. (Acts 1911, ch. 44, as amended; acts 1915,
ch. 162.)

Counties.—All persons sentenced to confinement at hard labor in any jail or prison
of any county, city, town, village, or municipality may be employed upon any public
work of improvement or upon the highways, streets, alleys, parks, or other public
places located therein. (Comp. Stats., 1910, ch. 418, sec. 6401.)

o
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INTRODUCTION. '

The scarcity of potassium salts in this country due to disturbed

conditions abroad, coupled with the discovery of extensive deposits

of high-grade alunite ^ in central Utah, have caused considerable

development work in this field and greatly stimulated interest in

processes for the extraction of potash from this mineral.

Alunite, even when fairly pure, must be regarded as a relatively

low-grade potash carrier, and since the more important deposits

occur in a region far from the fertihzer market, any process employed
for the extraction of potash from the mineral must be not only highly

efficient but extremely cheap. Indeed, under normal conditions it

is unhkely that any method wOl prove commercially practicable for

exploiting the Western alunites which does not produce in addition

to a soluble potash salt, somfi other salable product.

Experience in the handling of low-grade ores, or in operations for

the extraction of a moderate-priced product from any raw material,

has sho\vn that strict attention to details and a knowledge of their

importance will often mean the difference between profit and loss.

It was with a view to determining the importance of such details

in the recovery of potash from alunite that the work described in

this paper was undertaken.

J Butler and Gale, Bull. 511, U. 8. Geological Survey (1912). LoughJiii, O. F., Bull. 620-K, U. S. Geo-

logical Survey (1915).

54C27»—Bull. 4ir, 10
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COMPOSITION AND PROPERTIES OF ALUNITE.

Alurdte is a hydrous sulphate of potash and alumina which may
be represented by the following formula:

K2O.3Al2O3.4SO3.6H2O.

The percentage composition of the pure mineral, according to

Dana/ is as follows:
Per cent.

SO3 =38. 60

Al203=37. 00

KoO =11.40

H2O =13.00

The mineral usually occurs as a massive, fine-grained, pinkish-

white rock breaking with a conchoidal fracture. Some of the coarser

varieties are distinctly crystalline in character. While theoretically

it should contain over 11 per cent of potash, it is seldom found in

minable quantities running over 9.5 or 10 per cent in potash. It is

frequently contaminated with quartz and the silicates of potash

from which it is derived. The mineral is insoluble in water, but

soluble in strong sulphuric acid. On heating to a moderate tempera-

ture (500° C.) water is driven off and the mineral decomposes into

alumina and potassium aluminum sulphate.^ Upon increasing the

temperature (to 700° to 750° C.) the latter compound is decomposed,

fumes of sulphur dioxide and trioxide are evolved, and a residue

remains which consists of alumina and soluble potassium sulphate.

GEOLOGICAL OCCURRENCE AND ORIGIN.

Alunite forms seams in trachytic and similar rocks, being produced

by the alteration of such rocks by means of sulphurous vapors or

sulphate solutions. It is beheved to be closely related in origin to

metal veins.

• Ransome ^ has discussed the various methods by which alunite

deposits may be formed, and Butler and Gale * quote extensively

from the former in their description of a deposit southwest of Marys-

vale, Utah. The latter authors in discussing the Marysvale alunite

state that they consider the main vein in this locahty a fissure filling

and not a replacement of the wall rock, and cite, as proof of this

theory, the fact that the alunite contains but little sihca, while in the

wall rock where replacement has taken place quartz phenocrysts

remain practically unaltered. They conclude that the mineral vein

was introduced in part at least by solutions of deep-seated origin.

1 System of Mineralogy.

2 As a matter of fact it is very difficult to drive ofl the water of constitution without also driving ofi some
of the oxides of sulphur.

3 Prof. Paper No. 66, U. S. Geological Survey, pp. 189-195 (1899).

< Bull. 511, U. S. Geological Survey (1912).
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The altmite described by these writers, however, is mainly the

pink variety, crystalline or cryptocrystaHine, coming chiefly from a

lai^e banded vein cutting the volcanic rock at a high elevation about

7 miles southwest of Marysvale. The samples of alunite used in the

following experiments were a light colored variety showing little or

no crystalline structure and some of it containing considerable amounts

of siHca. These samples came from two deposits ^ about 10 miles

north of that described by Butler and Gale. One appears to be a

very wide vein between two rhyoHte dikes. The other has the ap-

pearance of an enormous outcrop, one wall of rhyolite well defined.

The geological features, however, have not as yet been worked out

in detail.

LOCATION, EXTENT, AND ACCESSIBILITY OF THE UTAH ALUNITES.

While a number of occurrences of alunite of minor importance have

been reported ^ by the United States Geological Survey, the most im-

portant deposits described ^ are those occurring in the Tuscar moun-
tain range at the head of Little Cottonwood Canyon from 7 to 8 miles

southwest of Marysvale, Piute County, Utah. (See fig. 1.)

The lower end of this deposit is fuUy 4,000 feet above Marysvale,

the present terminus of the San Pete Branch of the Denver & Rio

Grande Railroad. This branch connects with the main fine of the

Denver & Rio Grande at Thistle, about 100 miles north of Marysvale.

Butler and Gale have estimated the amount of high-grade alunite

in one group of claims (to a depth of 100 feet) at 300,000 tons.

Loughlin * in a later examination of some other properties in this

region increased this estimate of high-grade alunite to 474,900 tons.

About 2 miles north of Marysvale begins the Sevier Canyon. The
Sevier River runs between steep and often sheer banks rising from a

few feet to several hundred, the banks being backed by mountains

rising in some cases as high as 2,000 feet above the river bed. The
canyon is about 14 miles long and on both sides for a distance of 8 or

10 miles north of Marysvale and a distance of 3 or 4 miles on each side

of the river it has been very actively if not thoroughly prospected

for alunite, a great many locations having been made within the last

two years. Some fine masses of the typical pink or pinkish crypto-

cr\'stalline varieties have been found, though usually these are so

located as to make their exploitation difficult. But a large area of

light-colored material has also been discovered, some of which is of

I The geological data and geographical location of the deposits of light-colored alunite were furnished by
Dr. F. K. Cameron, formerly of this bureau, to whom the writers are alsoindebted for a number of valuable

suggestions.

* Phalen, W. C, Mineral Resources, pp. 9-33, U. S. Geol. Survey (1913),

' Butler and Gale, Bull. .511, U. 8. Geological Survey (1912). Loughlin, G. F., Bull. C20-K, U. S. Geo-
logical Survey (1915).

* Bull. 02f>K U. S. Geological Survey (1915).
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Al unite deposi + s

Fig. 1.—Sketch, map showing location of alunite deposits near Marysvale Utah.
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good grade, and should increase considerably the supply of com-

mercial alunite in sight.

Another important deposit occurs between 4 and 7 miles north

of Marysvale and about 3 miles from the river and the station of

Belknap, on the Denver and Rio Grande Raikoad. The alunite

hes between two rhyohte dikes running almost due south from Twin
Peaks (better known locally as Peak St. Louis or Iron Mountain)

to a peak (Santa Cruz claims) just north of the dividing line between

Sevier and Piute Counties. There is a fairly good wagon road from

Iron Mountain to Belknap. The alunite mass between these two

dikes is from 1,200 to 1,500 feet wide and about 4,000 yards long.

While no measurements have actually been made, the depth of the

deposit is probably considerable.

These alunite deposits occur at a much lower level and are more
readily accessible than the purer crystalline deposits southwest of

Marysvale and should be mined and shipped very cheaply.

THE PRODUCTION OF ALUM FROM ALUNITE.

The main commercial use of alunite heretofore has been in the

manufacture of potash alum. This industry was introduced into

Europe as early as the thirteenth century and assumed considerable

prominence at Tolfa, Italy, where extensive deposits of alunite

occur. Alum is stUl produced in this region by the following process

:

The mineral is calcined at low red heat in heaps or in kilns for about

6 hours. When the oxides of sulphur begin to escape the material

is removed and transferred to brick bins, where it is exposed to

the air for several weeks or months, being moistened with water

from time to time during that period. The product is then mixed
with water and after the insoluble material has settled the clear

solution is decanted, evaporated, and crystallized. The reactions

taking place on heating to 500° C. may be represented thus:

Alunite.

K20.3Al203.4S03.6H20=

Potass, aluminum
sulphate.

. 2KA1 (SOJa +

I

Potass. alnmimiTn
sulphate.

2KA1 (SOJ3

Alumina.

2AL0, +

Water.

6H,0

Water.

+ 24H20=

Potash alum.
2KA1(S04)2 24H2O

Another method of producing potash alum from alunite, as recom-
mended by Guyot ^ consists in heating the mineral to 800 C.° for

' Sur la richesse Jndu.strielle de I'aliinitf) cone en poudre. Compt. Rend. Acad. Sci. Paris, 95 pp.
MS-OM; Experiences sur la calcinations de ralunite en poudre. Idem. p. 1001-1003.
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three hours. The ignited mass is then treated with the proper quan-

tity of sulphuric acid (30° B.) to convert the alumina present into

sulphate. After standing for some time an amount of potassium sul-

phate is added sufGicient to convert the aluminum sulphate into the

double salt. The clear liquid is then decanted off and evaporated

until the potash alum crystallizes out. The reactions on heating to

800° C. may be represented thus:

Alunite.

K20.3Al203.4S03.6H20=

Potassium Alumina. Sulphur Water,
sulphate. trioxide.

K2SO4 + 3AI2O3 + 3SO3 + 6H2O

2.

3.

Alumina. Sulphuric acid. Aluminum sidphate. Water.

3AI2O3 + 9H2SO4 = 3Al2(S04)3 + 9H2O

Aluminum Potassium Water,
sulphate. sulphate.

3Al2(S04)3 + 3K2SO4 + 144H20=

Potash alum.
6 KAl (804)2 24H2O

In the production of alum from the alunite occurring at Bullah

Delah, Austraha/ a process similar to that just described is practiced,

but no particular temperature of ignition is specified and the excess

of alumina is not converted into alum by the addition of potassium

sulphate, since it is considered more profitable to manufacture

aluminum sulphate as a by-product and to produce alum equivalent

only to the potash present in the alunite. This practice is no doubt

the best in localities far removed from other sources of potash.

While it was not the purpose of the present investigation to study

details of alum manufacture, it would seem that in regions where

another source of potash is readUy and cheaply available a combina-

tion of the two processes outlined above promises greater possibihties

than either of the methods employed at present.

In brief, it is thought that the ignition of alunite at a moderate

temperature (500° to 550° C.) and subsequent treatment with sul-

phuric acid and potassium sulphate would mean a saving both in

fuel and in the quantity of acid required to convert all the alumina

of the mineral into alimi.

THE PRODUCTION OF POTASH FROM ALUNITE.

Besides the processes just outhned for the production of alum six

general schemes have been proposed for the utilization of the potash

in alunite for other purposes.

1 Pittmaaij E. P. Alunite in New South Wales. Report Geol. Survey New South Wales (1901).
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The first of these is the use of the material after ignition at 750° to

800° C. directly ais a fertilizer without effecting a separation of the

soluble potash salt. It has been pointed out by one of the writers ^

that the material after ignition compares very favorably in regard

to its potash content with "manure salt" or other low-grade potash

carriers heretofore imported from Germany. If produced in the

West, however, it is unhkely that such a low-grade product could

stand the cost of the long rail haul necessary to bring it to the fer-

tilizer market. Moreover, no salable by-product would be obtained,

except perhaps sulphuric acid, which would require expensive equip-

ment to collect andwhich undernormal conditions has a very restricted

market in the West.

The second scheme ^ is to ignite the material at 800° to 1,000° C.

till the sulphate of aluminum is decomposed and then leach the residue

with hot water to dissolve out the potassium sulphate, which is

later recovered by evaporation of the solution. In the case of the

purer alunites the residue consists largely of aluminum oxide suitable

for the manufacture of metalhc aluminum. This method has

attracted considerable attention, and it is understood that a procedure

similar to, if not identical with, it is being practiced in the western

alunite fields, DiSiculty in obtaining complete extraction of the

potash in the ignited alunite has been experienced both in the labora-

tory ^ and on a commercial scale, and it was partly with a view to

studying the causes of this incomplete recovery of the potash that

the experiments described further on were conducted.

The third process ^ consists in roasting alunite with hme at

1,200° to 1,800° F., producing thereby sulphate of lime (gypsum)

and potassium sulphate, and rendering the alumina insoluble. The
potassium sulphate is then extracted with water. The main purpose

of this process is to produce potassium sulphate without causing the

evolution of objectionable or injurious fumes of sulphur dioxide and
trioxide.

The cost of the lime required, the conversion of the sulphuric acid

into a relatively valueless form, and finally the difficulty of sepa-

rating the resulting gypsmn from both the potash and the alumina,

render this process of rather doubtful value. As far as is known
this process is not at present being employed for the manufacture

of potash from alunite.

The fourth * process consists in first calcining the alunite to drive

off the oxides of sulphur and the water and then increasing the

temperature to between 1,100° and 1,600° C, thus volatilizing the

' Circular 70, nureau of Roils, U. S. Dept. Agr. (1912).

J Chappell, U. F., U. 8. Patent No. 1070.324 (1913).

' Morgan, Geo. 8., U. 8. Patent 1101239 ( 191.";).

* MacDowell, C. 11., U. 8. Patent No. 113G549 (191S).
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potassixun sulphate and collecting it in some suitable manner. It is

claimed that the addition of carbon to the mineral during ignition

facihtates the volatiHzation of the potash, causing it to take place at

a much lower temperature than that specified above. The residue,

it is said, is suitable for the manufacture of metaUic aluminum.

Potash is now being recovered as a by-product from blast-furnace

operations and in the manufacture of cement from potash-bearing

sihcates, lime being used to convert the potash into oxide, in which

form it is readily driven off. The residue then consists of a chnker

having the composition and properties of hydraulic cement,. a readily

salable product.

While the volatilization process may be apphcable to the purer

grades of alunite, it seems likely that a fixation and consequent loss

of potash would ensue if this practice were appHed to alunite high

in silica. The addition of coal or coke to the charge, as. recom-

mended by the inventor of this process, would also tend to decrease

the value of the residue remaining in the furnace.

In order to avoid the difiiculty of obtaining a complete extraction

of the potash from highly heated alunite, and also for the purpose of

obtaining alumina in a pure form suitable for the manufacture of

metaUic alxuninum, Cameron ^ has proposed a process, the first steps

of which are similar to the old method of making potash alum.

The mineral is first ignited at a relatively low temperature (500° to

550° C.) sufficient only to decompose it into alumina and the double

salt potassium aluminum sulphate. The latter compound, which is

much more soluble than potassium sulphate, is leached out with

water, and alum is crystaUized from the resulting solution. The alum
is then heated till it decomposes, yielding pure alumina and potassium

sulphate, which are separated by solution of the latter. The fumes
of sulphur dioxide and trioxide evolved during the decomposition of

the alum are conducted into a suspension of the alumina from the

first ignition, forming aluminum sulphate and sulphite. The salts

in solution are then filtered free from any insoluble residue and
either sold directly as precipitants or mordants, or they are evapo-

rated to dryness and ignited to produce more alumina.

Another method of treating alunite has been the subject of a

pubhc-service patent appHcation by Mr. Paul J. Fox, of this bureau.

In this process the aim is to separate the potassium as sulphate and
leave the aluminum as fluoride in a condition suitable for recovery

by electrolysis. The sulphuric acid is not recovered. Alunite and
fluorspar or some other fluoride are powdered and intimately mixed
(or, better, are ground together) and heated at such a temperature

that the hydrofluoric acid (of the fluoride) is set free by the sulphuric

acid (or sulphur trioxide) yielded by the alunite on heating. The

1 An application for a patent on this process has been filed by the inventor.
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author states that this converts the alumina into aluminum fluoride,

the potassium remaining as sulphate. The product is then leached,

the potassium dissolving as sulphate, and the aluminum remaining

in the residue in large part as fluoride. Considerable calcium sul-

phate remains with the aluminum fluoride, which might necessitate

changes in the standard process for the electrolytic recovery of

aluminum.

TEMPERATURE OF IGNITION AND ITS EFFECT ON THE SUBSEQUENT
LEACHING OF ALUNITE.

Of the methods so far proposed for the production of potash from

alunite, those which depend on simple ignition and subsequent ex-

traction of the soluble potash with water appear to the writers most
attractive.

The following investigation was conducted for the purpose of de-

determining the best conditions under which a complete extraction

of the potash could be made from impure as well as the purer grades

of alunite, with due regard to the production of a salable by-product.

The investigation involved the study of the effect of ignition at vari-

ous temperatures, as well as the influence of fineness of division on

the solubility, or, more correctly speaking, the ease with which the

mineral yields its potash to hot water.

Chappell/ in discussing the ignition of and subsequent extraction

of potash from alunite, states that the temperature may be carried
*

over 1,000° C. without causing the formation of potassium aluminate,

and recommends a temperature of from 800° to 1,000° C. for alunites

containing from 1 to 2 per cent of silica. The experience of tlfe

writers has been, as shown below, that in igniting alunite containing

even small quantities of silica, 800° C. should be the maximum
temperature allowed in the furnace.

Eleven samples of light-colored alunite from the deposits north

of Marysvale, Utah, were employed in these experiments. Most of

the samples were ground to pass a 100-mesh sieve, though it was later

shown that this was probably unnecessary. The material ranged in

potash content from 3.48 to 9.61 per cent and in silica from 1.67 to

39.93 per cent.

. The potash content of the samples was determined by the J. Law-
rence Smith method,^ and silica and alumina were also determined in

all the samples. The results of these analyses are given in Table I.

> U. 8. Patent No. 1070324 (1913).

2 In order to avoid an excess of sulphates, the samples after being weighed out were ignited at a bright

red heat before mixing with the ammonium chloride-calcium carbonate mixture.
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Table I.

—

Analyses of samples of light-colored alunite from the Marysvale area, Utah.

Iron and Iron and
alumi- alumi-

Sample Silica num Potash Sample
number.

Silica num Potash
number. (SiOs). oxides. (K2O). (Si02). oxides (K2O).

(FesOs, (Fe203,
AI2O3). AI0O3).

Per cent. Per cent. Per cent. Per cent. Per cent. Per cent.

1 4.41 36.10 9.61 7 39.93 23.17 5.64
2 16.98 35.96 6.13 8 1.67 37.38 8.60
36 16.66 34.30 7.24 9 35.93 25.82 4.30
4 29.14 27.06 6.89 10 39.20 26.97 3.48
5 27.50 28.49 6.13 11 22.08 30.16 6.41

6 5.90 36.71 8.20

Two-gram samples of each almiite were then heated in an electric

mu.ffle furnace for a Httle over an hour at from 550° to 650° C. and
from 850° to 950° C. Four samples (Nos. 1, 2, 5, and 6) were heated

to a temperature midway between these two extremes^ namely, 750°

to 775° C.

The loss on ignition was determined and the residues then washed
on the filters with small successive quantities of hot distilled water

tiU the washings gave practically no test for sulphates. The filtrates

were then analyzed for potash and the eflSciency of the extraction

thus determined. The results of these experiments are given in

Table II.

Table II.

—

Loss on ignition and percentage of potash extractedfrom alunite after heating

at various temperatures.

Sample number.

Loss on ignition at—
Proportion of total K2O ex-
tracted with water after
ignition at—

550° to
650° C.

750° to
775° C.

850° to
950° C.

550° to
650° e.

750° to
775° C.

850° to
950° C.

1

Per cent.

14.50
20.30
21.71
15.01
12.44
22.18
14.18
16.13
14.26
14.54
16. 71

Per cent.

37.71
32.37

Per cent.

39.55
35.81
35.35
29.43
31.04
39.09
26.41
41.93
28.55
26.86
33.00

Per cent.

98.44
97.23
93.64
99.28
84.99
91.30
94.15

(0
64.89

2 58.62
73.17

Per cent.

100.00
94.78

Per cent.

89.49
2 35.90
36 59.95
4 85.20
5 28.37

37.55
87.28
100.00

54.97
6 92.17

55.69
8 92.44
9 39.77
10 9.50
11 r 72.08

1 Determination lost.
2 Traces of feldspathic material found ia this sample by Mr. W. H. Fry probably explain the low yields

of potash on leaching.

A study of Table II wiU show that the extraction of potash by
water from the alunite heated at a relatively low temperature (550°

to 650° C.) was much more complete than from those samples heated

to 850° C. or above. By referring to Table I it wiU. be seen that the

low yield of potash obtained from the highly heated mineral was



THE EECOVEKY OF POTASH FEOM ALUNITE. 11

especially marked in the case of the samples containing large per-

centages of silica, indicating that at high temperatures a fixation of

the soluble potash takes place in the presence of this substance.

The leached residues from the highly heated samples, 35, 7, and 10,

were, therefore, submitted for a microscopic examination by Mr.

W, H. Fry, of this bureau, but owing to the amorphous nature of the

material no compounds of sihca and potash could be identified.

It is possible also that there might be a loss of potash through

volatiUzation, but analyses of the leached residues 2 and 5 showed
there had been no such loss.

In order to leach the highly heated samples free from sulphates

only 75 c. c. to 115 c. c. of hot water were required, while the sam-

ples heated to 550° to 650° C. required from 280 to 400 c. c. of

water. The difficulty in extracting the sulphates in the latter case

was due in part no doubt to the gelatinous nature of the residue

and partly also to the greater quantities of basic sulphates present.

The filtrates from these latter residues were quite cloudy on account

of the separation of basic aluminum sulphate, and upon the addition

of anmionia considerable alumina was precipitated. The filtrates from

the highly heated samples, on the other hand, were only sHghtly cloudy

and contained but very little alumina, showing that the decomposition

of the double salt potassium aluminum sulphate was practically

complete.

The four samples of alunite (Nos. 1, 2, 5, and 6) which were heated

from 750° to 775° C, a temperature only slightly above that at which

complete decomposition of alunite takes place, ^ yielded, up their

potash quite readily, less than 100 c. c. of hot water being required

to wash the residues free from sulphates. Moreover, the extraction

of potash was more complete than from the same samples heated

at either a higher or lower temperature. The ffitrates were somewhat
opalescent, but gave only a slight precipitate with ammonia, showing

that the decomposition of the double salt potassium aluminum
sulphate was almost complete.

INFLUENCE OF FINE GRINDING ON THE EXTRACTION OF POTASH FROM
ALUNITE.

In factory practice material may be ground so that 80 to 90 per

cent will pass a 60-mesh sieve at comparatively small cost, but the

grinding of relatively hard rock to a greater degree of fineness than

the above not only consumes considerably more time but also

increases appreciably the cost of production.

In the extraction of potash from alunite the question has been

raised as to the degree of fuieiiess to which the material should be

1 circular 70, Bureau of Bolls, U. 8. Dept. Agr. (1912).
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reduced before ignition in order that substantially all of the potash

might be subsequently extracted with water. The following experi-

ment was conducted to test this point:

A sample of high-grade alunite containing 10.56 per cent total

potash (KjO) was ground to three different degrees of fineness as

follows: 60 to 100 mesh, 100 to 180 mesh, and 180 mesh and finer.

Analyses of the separates showed that there was practically no
segregation of potash in either the coarse or fine material.

Two-gram samples of each of the separates were weighed out,

ignited at 750° to 775° C. for 1 hour, extracted with water, and the

potash determined in the filtrates as before. The results of this

experiment are given in Table III.

Table III.

—

Extraction of potash with hot waterfrom a sample of alunite ground to three

different degrees offineness and ignited atfrom 750° to 775° C. for over 1 hour.

Amount
K2O ex-

Proportion Amount of

Sample Degree of Total of total water re-

number. fineness. E2O. KiO pres- quired for

ent. extraction.

Mesh. Percent. Per cent. Percent.
12a 60 to 100 10.56 10.25 97.06 160
126 100 to ISO 10.56 10.45 98.96 160
12c ISO and

finer.

10.56 10.33 97.86 227

The figures given in Table III show pretty conclusively that

nothing is to be gained by grinding relatively pure alunite finer than

60 mesh before ignition. In fact it was found that the coarser samples

decrepitated on ignition to such an extent that three-fourths or

more of the residue would pass a 180-mesh sieve.

ECONOMIC CONSIDERATIONS.

While it was not the purpose of the present investigation to

enter into details of the cost of separating the several products from

alunite, it is thought that a short discussion of some of its economic

features together with a brief consideration of the value of the various

products and the estimated cost of producing them wiU prove of

interest.

In the extraction of metals from ores or in the manipulation of

any raw material occurring far from the market for the product

sought it is usually considered better economic practice to concen-

trate or carry out the necessary manufacturing processes at a point

as near as practicable to the source of the raw materials, thus avoiding

the cost of shipment on valueless gangue or industrial waste.

In case of the relatively pure alunites of south-central Utah, how-
ever, it seems to the writer that the advantage lies the other way,
since.practically aU of the ingredients of alimite (with the exception
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of the water) have a commercial value in the east, where better

facilities for their separation are to be had and whither the mineral

may be shipped at the lower rates usually prevailing for raw materials.

Probably factories in the Middle West are most favorably situated

for the handhng of the raw material.

The ignition of the mineral could probably be very economically

carried on at one of the sulphuric-acid plants run in connection with

the fertihzer factories. The oxides of sulphur evolved during the

burning of ore could be turned into the Glover tower of the acid plant

and the yield of acid substantially increased at very httle cost.

Moreover, the potassium sulphate produced could be consumed on

the spot in the manufacture of mixed fertihzers.

In Table IV are given the quantities and value (under normal condi-

tions) of the ingredients of alunite (90 per cent pure) and in Table V
the estimated cost of separating and preparing these products for the

market.

Table IV.

—

Amount and value {under normal conditions) of products contained in 1 ton

(2,000 pounds) of alunite {90 per cent pure).
Dollars.

K2O, 198 pounds, at4 cents per pound 7. 92

H0SO4 (50° B.), 1,647 pounds, at |6 per ton^ 3. 44

AigOs, 666pounds,atS7perton2 2.33

Total value 13. 69

Table V.

—

Estimated cost of mining, shipping, and extracting the products of alunite.

I Dollars.

Mining per ton 1. 00

Freight to Alississippi River, per ton ^ 9. 00

Cost of grinding, per ton 30

Cost of ignition, per ton 50

Cost of acid recovery, per ton 1. 00

Cost of leaching and recovering potash 1. 00

Total cost 12. 80

From the figures given in Tables IV and V it is evident that in

normal times the margin of profit on the products of alunite would

be extremely narrow because of the long freight haul unless a lower

freight rate should be estabhshed for the raw material. Under pres-

ent conditions, however, the prices of metaUio aluminum, sulphuric

acid, and potash salts have advanced so enormously that the imme-

diate exploitation of the western alunite should prove both practic-

able and profitable.

J Only three-fourths of the SO3 of alunite is volatilized on ignition.

2 The value of the AI2O3 Is based on that in bauxite. The average bauxite contains CO per cent AI2O3

and is valued normally at $4.7.5 x>er long ton.

» No commodity rate yet exists for alunite, but if a rate ia established it has been estimated that it prob-

ably would be in the neighborhood of %'.) per ton.



14 BULLETIlSr 415, U. S. DEPAETMENT OF AGKICULTURE.

SUMMARY.

Considerable interest is being evinced in processes for the recovery

of potash and other products from alnnite. This mineral is a hy-

drous sulphate of potash and alumina. It occurs in important

deposits both north and southwest of Marysvale, Utah.

Difficulty in effecting a complete separation of the potash after

the ignition of the mineral has been experienced both in the labora-

tory and in factory practice; and since the material must be regarded

as a relatively low-grade potash carrier, cheapness and efficiency in

the extraction of the potash are essential to its successful commer-
cial development.

Eleven samples of Hght-colored alunite from the undeveloped, but

readily accessible, area north of Marysvale were ignited at different

temperatures and the residues subsequently leached with water. A
temperature between 750° and 800° C. was found to be best for the

complete extraction of the potash with the minimum amount of

water. Temperatures above 800° C. caused a fixation of the potash,

particularly where the samples contained much siUoa.

An experiment to test the influence of fineness of grinding on the

subsequent extraction of potash from alunite showed that nothing

is to be gained by grinding the material finer than 60 mesh.

Since practically all of the constituents of high-grade- alunite have

their market in the East, it is suggested that it would prove more
economical to ship the mineral East, taking advantage of the lower

freight rate on raw material, than to manufacture the finished prod-

ucts near the mines. The freight charges, even then, however, are

so great as to leave a very narrow margin of profit on the products

in normal times.

ADDITIONAL COPIES
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THE SUPERINTENDENT OF DOCUMENTS
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The common red spider, Tetranychus himaculatus Harvey, is very

generally distributed in the United States. The map (fig. 1), which

•contains 297 records of occurrence in 34 States, shows the distribution

of the majority of reported cases.

The species first became conspicuous as a pest to cultivated crops

in New England and the Northeast. The early complaints related

largely to greenhouse and dooryard plants, and it was not until 1855

that Glover reported some injury to cotton by the pest. As settle-

ment moved westward, records of occurrence from the Middle West
and, finally, the Pacific Slope, appeared in our literature. With the

exception of an outbreak in Louisiana, reported by Prof. H. A.

Morgan in 1893, severe occurrence of the red spider on cotton had
not been reported until 1903, at which time complaints of damage
came from South Carolina and Georgia. In 1904 Mr. E. S. G. Titus

(1905, a, h), then of this bureau, found severe infestation in fields

about Batesburg, S. C, and the following year he reported severe

injury in North Carohna, South Carolina, Georgia, and Alabama.

Since then the additional records of Dr. F. H. Chittenden and
Messrs. G. P. WrUUm, D. T. Fullaway, E. L. Worsham, H. F. Wilson,

SrrTE.—This bulletin is of interest to thf«e who are subjected to loss or annoyance by the re'l spider.

.54.Wl°-ntill. 4KI— 17 1
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W. B. Parker, H. E. Ewing, and others, as well as the writers, have
estabhshed the presence of the red spider from Maine to Florida

and westward to Texas, Cahfornia, and the Hawaiian Islands. It

is said to be generally distributed in New England, New York, Iowa,

Illinois, the southern parts of Wisconsin and Michigan, western

Colorado, the Willamette Valley of Oregon, and the interior regions

and southern part of Cahfornia.

ZONAL DISTRIBUTION IN THE SOUTHEAST.

In the course of our work on distribution it early became evident

that the majority of the occurrences in the Southeast were confined

to a zone the outer margin of which hes from 60 to 80 miles from the

Fig. 1.—Distribution of the common red spider. Large dots represent specific occmrences; dotted
line incloses the zone of heaviest occurrence in the Southeast. (Original.)

coast and whose inner margin is from 200 miles (along the Atlantic

coast) to 275 miles (along the Gulf coast) inland (fig. 1). In general

this zone coincides with the portion of the Piedmont Plateau possess-

ing clay or sandy loam soil and excludes the coastal strip of sandy
soil. The infested area includes the central belt of oak, hickory, and
longleaf pine hills, the sandhills belt, and the granite and meta-
morphic gray and red lands. The coastal free area includes the

marshes, swamps, and five-oak lands of the coast and the longleaf

pine flats and savannas near the coast. Whether this restricted dis-

tribution is due to the diversity of plant life or to the differences in

cfimatic conditions prevaifing in the respective regions it is diffi-

cult to deternnne. Considering the great adaptabifity of the red

spider to hosts, it would appear that the matter of the host flora

must be one of minor influence. The material difference in humidity,
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rainfall, and temperature between these coastal and inland zones

probably explains the restriction of occurrence.

CLASSIFICATION AND SYNONYMY.

Owing to the extreme minuteness of red spiders generally, to

marked variations due to age, host plant, environment, or other

causes, and to the microscopic characters which are employed in the

taxonomic treatment of the group, the spinning mites have afforded

much speculation among speciaUsts and have caused considerable

duphcation and confusion of names.

Ewing has pubhshed his opinion that T. himaculatus Harvey, T.

sexmaculatus Riley, and T. gloveri Banks are identical with T. tel(b-

rius. The final settlement of this question will be possible only after

a careful comparative study has been made of material collected from

the locahties and hosts recorded for the respective European species.

The foUowmg list represents the synonymy of the original European
red spider ( T. telarius) as claimed by various workers since Linnseus,

chiefly for the purpose of indicating the present confusion in the

group.
Tetranychus telarius L.

1761. Acanis telarius L.; 1804, Trombidium t. Herm.; 1834, Tetranychus t. Dugds.
1804. Trombidium tiliarium Herm.; 1834, Tetranychus t. Duges; 1867, Acaru^ t.

Tiirpin; 1875, Tetranychus t. Koch.

1804. Trombidium. mains TiGYTa.; 1834, Tetranychus m. Duges.

1804. Trombidium tenuipes Herm.; 1834, Tetranychus t. Dugea.

1804. Trombidium socium Herm.; 1867, Acarus s. Muller; 1875, Tetranychus socms
Koch.

18.32. Tetranychus lintearius Dufour; 1867, Acarus I. Boisduval; 1877, Tetranychus I.

Murray.

1867. Acarus rus-vilus Boisduval ; 1875, Tetranychus r. Koch.
1867. ^carws a'/ti Boisduval; 1877, Tetranychus t. Murray.

1867. Acarus cucuineris Boisduval; 1877, Tetranychus c. Murray.

1867. Acarus rosanim Boisduval; 1877, Tetranychus r. Murray.

1867. Acarus cinrmbarinus Boisduval; 1877, Tetranychus telarius var. c. Murray.
1867. Amrnis haematodes Boisduval ; 1877, Tetranychus telarius var. h. Murray.
1867. Acarus vitis Boisduval; 1877, Tetranychus v. Murray.

1867. Tetranychus ferrugineus Boisduval.

1875. Tetranychus urticae Koch.

1875. Telranychu.8fernvlu.8 Koch.
1875. Tetranychus popuH Koch.
1875. Tetranychus pi/jer Donnadiou.

1875. Tclranychuji minor Donnadieu.

1875. Tetranychus lonf/ilar.ris Donnadieu.

1875. Tetranychus plumi^stoma Donnadieu.

1875. Tetranychus rube^Oins Donnadieu.

1875. Phytor/)pt/'.s epi/krmi DonnadicM.

1875. PhytX)Cf>pU:H (faUaru.m Donnadieu.

1875. l'hytocf>pleH nervonim Donnadieu.

1876. Tetranychus pilosus 0. and F.

J8(K). Tetranychus (j-rrmailnlus Riley.

1892. TetrnnychuH birnaculatus Harvey.
UK)0. TrtrrifD/rhiiH (/lorrri I{ankH.
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FOOD PLANTS.

As the result of tlie investigations at Batesburg, S. C, supple-

mented by observations throughout the cotton belt, this mite has been
taken from 183 species of plants, including weeds, ornamentals, and
garden and field crops. Upon most of these the pest has been seen

only occasionally, but it is found commonly throughout the active

season upon the following plants : Cotton (Gossypium spp.) , cultivated

violet (Viola spp.), (PI. IV, fig. 4), Jerusalem oak (Chenopodium
hotrys), wild blackberry {Rubus spp.), wild geranium {Geraniums,^^.),

ironweed {Sida rJiombifolia)
,
garden bean (PJiaseolus spp.), pokeweed

(Phytolacca americana), tomato (Lycopersicon lycopersicon), dahha
(DaMia spp.), (PI. IV, fig. 3), sweet pea (Lathyrus odoratus), (PL IV,

fig. 5), and hollyhock (Althaea rosea).

Of these 183 host plants, 100 (or 55 per cent) are cultivated species

and 83 (or 45 per cent) are native wild species. It should be stated,

however, that in the preparation of this host list more time was
devoted to house yards than to rural localities. It seems reasonable

to suppose, therefore, that the common red spider occurs on fully as

many wild plants as on cultivated species. The fact that Harvey's

(1892) 37 host plants reported from New England, and Swing's

(1914) 30 hosts from the Northwest are practically all cultivated

species may be accounted for by presummg that these investigators

did not extend their research to the wild plants.

Throughout the past five years of the red-spider investigation it has

been brought to our attention repeatedly that certain plants possess

a peculiar importance due to their restriction to certain seasons;

hence they may thus form a series of links in the cycle of infestation.

The cultivated violet, which has come to be recognized as perhaps

the most important wintering host, and as a source of dispersion to

neighboring weeds and near-by cotton in the spring, is probably the

most commonly infested plant in the South.

The pokeweed (Phytolacca americana) occupies an important posi-

tion as a host, but its exact status has never been clearly determined.

Among farmers in various parts of the cotton belt there is a strong

belief that red-spider infestation, called by them ''rust," has its

origin in pokeweed. The result of much careful study during the

winter and early spring months seems to refute the idea that poke-

weed normally supports mites during these periods. It does, how-

ever, function as a very desirable secondary host during the early

season migratory movements of the mites by intercepting a few indi-

viduals. These intercepted mites multiply rapidly, until the poke-

weed no longer furnishes sufficient nourishment, and at such times

the infestation spreads to cotton if it is available. (PI. V, fig. 6.)

Native blackberry vines also constitute an important overwinter-

ing host, since many of the leaves remain attached throughout the
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winter (in tlie Southeast) and it is usually an easy matter to find red

spiders actively feeding on these leaves. Such occurrences give rise

to the opinion that much of the mfestation in rural localities arises

from the wild blackberry.

Several early vernal plants or weeds (escapes) play an important

role m the seasonal development and spread of the red spider. The
more important of these are hedge nettle (Stachys arvensis), wild

geranium {Geranium carolinianum) , sow thistle (SoncJius asper),

evening primrose {Oenothera laciniata), smiflower {Helianthus annuus),

and vetch {Vicia sativa). During March and April these plants are

usually to be found m beds and borders in sheltered positions and the

seasonal development of the red spider progresses faster than else-

where, owmg to the higher temperatures which obtam in these loca-

tions. Such beds are prolific dispersion sources.

Garden beans are also important hosts, and throughout Jmie, July,

and August are seldom free from mites, at times becoming so heavily

infested that their color turns yellow and many of the leaves fall.

They are thus a constant menace to surrounding crops.

Tomato vines are known to afford an opportune shelter for mites,

and after the abundant appearance of enemies of the red spider, at

a time when other infested plants have become cleared of mites,

tomato leaves may usually be fomid to harbor large numbers. This

doubtless comes about through the fact that tomato vines xarely

support enemies of the red spider. Hence they serve to harbor the

mites during periods of heavy mortality until the time arrives when
the latter may spread with impmiity to other hosts.

Since 1855, when Glover reported mjury to cotton by a red spider,

Prof. H. A. Morgan (1897), Mr. E. S. G. Titus (1905, a, h), and other

hivcstigators have published on the damage to cotton by this pest.

As indicating the very general occurrence of the mite on cotton, it

is of interest that in the course of visits to many points in sections

of every cotton State, the common red spider was found in every

single locality. The majority of these records on cotton concern

very light outbreaks.

LIFE-HISTORY SUMMARY.

The eggs of the red spider are deposited on the under surface of

leaves of a great variety of plants. The eggs hatch in a few days

and tlie 6-leggod larvae at once begin to feed by inserting their sharp

probosces into the tissue of the leaf. The larval activities are con-

fincf] to the immediate region of birth, and the larvae soon molt into

S-legged nymphs. Females recjuiro two nymplial stages before becom-

ing aflnlt, \v]\']\() males require only a single nymphal stage between the

hirva and the; a(hdt. Tl)(; f(;nial(; protonympli., Uko the larva, after

a period about equal to tluit rcHjuired by the latter, molts to the sec-
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ondary nymph, or deutonymph. The activities of the deutonymph
are very similar to those of the protonymph and the duration of the

stage is about equal to the time required by the latter. The third molt

gives issue to the female. The single nymphal stage of the male

exhibits the same biologic activities as do nymphs of the female.

The time required for this stage, however, is a trifle longer than that

consumed by the female primarj^ nymphal stage, yet slightly shorter

than the combined periods of the two nymphal stages. In summer
the female requires, usually, about 10 or 11 days for the completion

of a generation, while the male requires about 9 or 10 days.

During the course of the year, in the latitude of Batesburg, S. C,
there are ordinarily 16 or 17 generations, whereas in cooler portions

of the United States, naturally, there are fewer broods. In the

South the red spider passes the winter chiefly in the adult stage, and

even propagates considerably at a temperature slightly above freezing.

Feeding continues intermittently on several species of plants which

bear leaves throughout the winter season.

DESCRIPTION AND HABITS.

THE EGG.

Description.—^The eggs (PI. II, fig. 1) are almost perfect spheres.

When first deposited they are about as clear as water, but as incuba-

tion progresses they become opaque, turning a dark straw color

just before hatching. A series of spots becomes apparent, and in the

later stages of incubation the carmine eyes of the embryo are visible

through the shell. The eggs are deposited singly on the underside of

the host leaf and directly on the surface unless copious webbing is

present, in which case eggs are frequently attached to the fibrils

sUghtly above the surface of the leaves. Although very minute in

size, the eggs are relatively large as compared with the size of the

female red spider. A series of measured eggs averaged 0.129 mm. in

diameter.

Number laid.—The number of eggs deposited by a single female is

subject to considerable variation, depending, apparently, on tem-

perature, locality, and suitability of food, but observations show that

practically all of the eggs hatch. Perkins in 1896 states that in

Vermont the brood varies between 50 and 100 eggs, that oviposition

covers on an average about 7 days, and that the average daily deposi-

tion is about 10 eggs. Worsham (1910) records 80 eggs as the average

fuU brood in Georgia, with the daily deposition varying from 1 to 12

per day, and covering an oviposition period of from 6 to 10 days.

He states that 94 eggs was the largest number recorded from a single

female. Ewing (1914), working in Oregon, found that females

averaged 41 eggs per brood, with 63 as the greatest number. His

records show 9 eggs as the maximum deposition per day, with 1 as a
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minimum, and lie fomicl that this fluctuation was induced largely by
temperature and nutrition conditions.

In the course of the five seasons' observations at Batesburg many
colonies have been reared under control. From a series of 90 such

broods the summaries given in Table I are derived

:

Table I.

—

Records of oviposition of the red spider.

Largest brood 110

Average for 20 largest broods 68. 01

Average for 10 largest broods 80. 10

High daily depositions 12, 1 13,2 14 3 15 4 iq-. 17 5 jg 1

Maximum dailj^ oviposition
;

19

Total eggs from 38 broods 1, 893

Total egg-laying days (38 broods) 320

Average eggs per day per female 5. 92

Average ovipositing days per female 14

Maximum ovipositing days per female. 36

From these rearmgs it follows that for South Carolina the female

under proper conditions will produce a brood of from 75 to 110,

probably averagmg about 85, and that the eggs are deposited usually

in from 10 to 12 days at the rate of from 8 to 14 per day.

Incubation period.—The duration of the incubation period varies

largely with the temperature m the different localities. Perkms

(1897) found that 7 days were required in Vermont for this period.

Ewmg (1914) states that an average of 5.5 days were consumed at

Corvalhs, Oreg., between deposition and hatching. In Georgia from

3 to 4 days were required for incubation, according to Worsham. In

a series of 71 breeding-cell tests (each cell contaming the progeny of

I female) the average duration of this period at Batesburg was found

to be 3.93 days during May, June, July, August, and September.

In hatchmg, the shell sphts more or less completely around and the

larva easily extricates itself. During severe occurrences of infestation

the leaves of the host plant may be seen thickly covered with the

bleached and empty eggshells, which disclose the cause of death of

leaves long after the disappearance of the pest has occurred.

The effect of temperature upon the incubation of the red-spider

egg is \'ery marked. In midsummer, at Batesburg, with mean daily

temperatures between 80° and 90° F., incubation rarely requires

more than 4 days. One rearing beginning March 12 consumed 15

(hiys for the hatching period. Eggs, in one case, deposited November
16 hatched in 23 days. During December, January, and February
eggs may remain dormant for from 1 to 3 montlis, hatching with the

advent of suflicicntly mild weather. The relationship between mean
temperatures and the length of the egg period is shown in Table
II and figure 2. The eggs of a colony are usually clustered upon

• ; caws. 1 5 cases. a 4 cases. » 2 cases. ' 1 case.
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the leaf surface or among the fibrils of the webbing and rarely in-

volve an area greater in size than that of a dime.

Table II.

—

Duration of the egg stage of the red spider.

Brood.

Average
date of
deposi-
tion.

Averse
date of

hatching.

Average
duration.

Mean
tempera-
ture for

period.

1

2
3

4
5

6
7

8
9
10
11
12
13

Mar. 12
Mar. 24
Apr. 4
Apr. 27
May 19

June 10
July 16
Aug. 20
Sept. 2
Sept. 11

Sept. 14
Sept. 30
Oct. 31

Mar. 27
Apr. 4
Apr. 13
May 3

May 23
June 13
July 19
Aug. 23
Sept. 5
Sept. 18
Sept. 19

Oct. 7
Nov. 16

Days.
15.0
11.5
10.0
6.0
4.0
4.0
3.5
4.0
4.0
8.0
6.0
8.0
17.0

°F.
64
58
60
67
75.2
81

80.7
79.8
78.9
69
70.5
68.3
58.9

THE LARVA.

Description.—The newl}^ hatched larva (PL II, fig. 2) is round,

colorless, and 6-legged, and its body does not exceed that of the egg
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Fig. 2.—Simultaneous curves of temperature and incubation of the red spider, showing the intimate rela-

tion between prevailing temperature and the time required for the development of the egg. (Original.)

in size. The two portions of the body, cephalothorax and abdomen,
are rather distinctly marked at this time by a transverse suture.

The most conspicuous feature of the newly-hatched larva is its

bright carmme eyes. It begins feeding at once, and as feeding pro-

gresses the larval color deepens to a green or ferruginous green. A
characteristic feature of the larva is the shortness of the legs due to

inflation of the sHghtly hardened leg segments. Although the tarsus

and the femur are the longest joints of the larval legs, there is no
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material difference iii the lengtli of the joints such as develops in the

later stages. The patella? and tibiae are only slightly longer than wide.

The onychiuni, which m the adult becomes conspicuously attenuated,

appears as a mere abrupt narrowmg of the tarsus in the larva. The
larval palpal characters agree very closely with those of the adult,

except that the terminal ''jEinger'' of the "thumb" seems relatively

more slender. The larval body bristles are proportionally shorter

and stouter than in the adult. A large series of measurements of

larvse give the foUowmg dimensions: Length, 0.151 mm.; width,

0.116 mm.
• Length of larval instar.—The time required for the completion of

the larval stage is subject to considerable variation, mainly attribu-

table to temperature and moisture conditions. The larva is much
less resistant to adverse minimum temperatures than the egg. While

in summer this stage rarely requires more than 2 days, in the early

spring and late fall records as long as 15, 16, and 17 days are fre-

quently obtained. From data derived from 61 colonies we have
computed the average interval between hatching and the first molt

to be 1.94 days. Basing his computations on 6 completed records,

Ewing (1914) states that the average larval period at Corvallis, Oreg.,

is 3.33 days. Perkins (1897) found 4 days to be the average time

required in Vermont for the completion of this stage.

As has been recorded by a few other workers, the larval stage (as

well as the n^inphal stages) exhibits an active period and a resting

period. The resting stage in South Carolina requires but a few hours

for its completion. In 1 898 Von Hanstein designated this resting

stage by the term " NymphochrysaUis," which he states lasted from
24 to 30 hours at Berhn.

Molting.—The five cases of molting observed occupied from 2

minutes to 4 minutes 20 seconds. The operation is initiated by a

brief series of struggles which result in the partial rupture of the

skin at the line of the postcephalothoracic suture. The separation

is complete over the back and extends laterally down either side, so

that the two halves of the old skin are merely connected by a ventral

strip. The primary nymph disengages its forelegs and anterior por-

tion of th(^ body. This accomplished, the free legs are used to pull

with, and by means of a twisting, wTiggling movement the nymph
extricates legs III and IV and walks out over the front portion of the

cast skin and is entirely free. The exuvium, as a rule, is left in sitv.

'ITk' fourth pair of legs, which become evident with the completion

of the larval molt, at first appear atrophied and usek^ss, but in a very

ff'W minut(\s the nymph acquires use of its new appendages.

r,4:'.wt- I'.iiii. lie. 17 2
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FIRST NYMPHAL STAGE (THE PROTONYMPH).

As has been stated previously, it is only the female which passes

through a second nymphal stage.

Description.—The primary nymph (PL II, fig. 3) differs from the

larva in having 4 pairs instead of 3 pairs of legs, in the somewhat
increased size, and in the more oval outline of the body. Furtherr

more, the bristles are slightly longer, and the segments of the legs

become elongated in proportion to their width. The color of the

protonymph is usually darker than that of the preceding stage and

the lateral pigment blotches become more evident in this stage.

One of the most noticeable modifications in the primary nymph is

the considerable elongation of the abdomen, the suture separating

the latter from the . cephalothorax lying in a position sHghtly more
than one-third the body length from the anterior margin of the

cephalothorax, whereas in the larva the suture nearly bisects the

body. A series of measurements of the protonymph averaged,

length, 0.213 mm.; width, 0.145 mm.
The habits of the primary nymph are similar to those of the larva.

It moves about more freely than the larva. Investigators of red

spiders have claimed that the ability to spin webbing appears for the

first time in the protonymph, but no effort has been made to estabhsh

this point.
^' PremoUing" period.—Perkins (1897) makes no mention of a qui-

escent period preceding the molting of the primary nymph . Ewing's

life-history table shows an average duration of If days for the resting

period before the molting of this stage. At Batesburg the "pre-

molting" period of the protonymph occupies a very few hours. Dur-

ing these quiescent periods the body assumes a pearly or silvery

appearance. Von Hanstein (1902) called this quiescent period of

the primary nymph the "Deutochrysallis.''

Duration of the protonymphal period.—With the records of 6 indi-

viduals upon which to base his conclusions, Ewing found that in

Oregon the protonymphal stage required from 2 to 4 days, with an

average of 3.16 days. At Batesburg 37 colonies completed the pri-

mary nymphal stage. In March, in one case, this stage required 6

days for completion, but in the summer the period is occasionally

concluded in 1.5 days. The average duration of the female proto-

nymphal stage for aU records at Batesburg is 2.18 days.

Molting process.—Of all the red-spider stages, those which are dis-

tinguished with the greatest difficulty are the primary and secondary

nymphs of the female. It is natural to presume, therefore, that no
radical changes occur in connection with the molting process, and

this is borne out by observations. The time required was slightly

over 3 minutes in the case of the one operation observed. (See

fig. 3 for the cast skin of the protonymph.)
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SECOND NYMPHAL STAGE (THE DEUTONYMPH).

Description.—The deiitonymph, which occurs only m the case of

the female, resembles the protonymph except that it is larger and
more elongate. In the advanced condition of this stage (PI. II, fig. 4)

it also resembles the adult female. Although pigmentation is intensi-

fied as the mite approaches maturity, there is usually an absence of the

characteristic reddish color. As the deutonymph approaches matu-
rity it can be distinguished from the maturing male nymph, as the lat-

ter is smaller, more cimeate posteriorly, and exhibits a tinge of amber
or ferruginous. K series of measured deutonymphs averaged,

length, 0.360 mm.; width, 0.218 mm.
Duration of the deutonymphal period.—Perkins (1897) found that

in Vermont an average of 2 days was required for the completion of

the second nymphal stage under summer conditions. Swing's 5

completed deutonymphal breedings averaged 2.6 days. The portion

of this interval occupied by the quiescent period

(the " Teleiochrysallis " of von Hanstein) is not

clearly indicated in Ewing's bulletin, but appears

to be approximately 1 day.

In the Batesburg investigations 25 colonies

completed the second nymphal stage of the

female. One deutonymph, the egg of which was
deposited on September 27, required 13 days for

its development. Exhibiting the other extreme,

a few individuals of this stage matured in ap-

proximately 1 .25 days in midsummer. The aver-

age duration for the second nymphal stage during
.1 ,• • 1 r\ J Fig. 3.—Cast skin of the
the active season is 1 .9 days.

^^, ^pj^^^ ^^^^ ^, ^^^

Habits.—The deutonymph is probably the time of second moit, stiii

most voracious of the immature mites. It roves l^^^ ( original.

r^""^'

about considerably on its native leaf, Ewing
(1914) records a well developed spinning ability on the part of the

deutonymph. The first two stages are not adapted to traveling

over the soil surface, owing to their frailty, but the last immature

state is more hardy and active, and individuals are often capable

of successfully establishing themselves after traversing considerable

distances. This fact has been determined by "tanglefoot" tests, and

by finding deutonymphs on cotton seedlings which were younger

than the mites.

Molting jyrocess.—Upon two oc(;asions, in the early morning,

females issued from the second nymplial skin. The transverse

split occurs practically as in the two pi-eceding molts. In one in-

stance, following a night minimum of 46° F., the morning was cool,

and this condition doubtless worked to retard the duration of tlie

proeess, which o(;cupied nearly 4 minut(^s. The other observed
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molt took place on a warm morning and required less than 3 minutes

for its completion. The male has been seen to assist in the molting

of the female deutonymph. The attending male, following the

transverse splitting of the skin, inserted his palpi, on one occasion,

under the old skin, and forcibly pulled it over the end of the female's

abdomen.
THE ADULT.

Description of Female (PI. II, fig. 5).

Color variable; at times rusty green, sometimes greenish amber, or

yellowish, at times almost black, but more often brick red or ferrugi-

nous red. Pigmented blotches occur almost invariably on the sides

of the body, which are usually coalesced to form two large dark spots,

one on each side extending from the back of the cephalothorax to the

posterior region of the abdomen. These are often interrupted pos-

teriorly to form a large anterior and a small posterior spot. These

spots arise from underlying paired organs. Almost directly over

coxae II are the carmine eyespots located on each side, near the

margin of the cephalothorax. Legs pale amber, much paler than

ground color of body. Palpi pale salmon. Dorsal bristles pale, not

arising from tubercles. Body pyriform oval, widest across posterior

region of cephalothorax; bristles in four rows, each succeeding pair

becoming shorter; the frontal pair a little over half as long as the

subfrontal pair, which, like the median pair next behind, are two-

fifths the greatest %vidth of body. Mandibular plate about twice as

Jong as broad, tapering slightly forward, broadly rounded at tip, with

a slight median notch. ''Thumb" of palpus in shape somewhat
like a truncated cone, the dorsal face about one-third longer than

greatest width at base, the upper surface twice slightly depressed

transversely, with an intervening dilation, bearing on its tip a

subcylindrical "finger" which is about two-fifths as wide at its base

as the distal end of the "thumb." On its upper side, just above the

"finger," are two stout, straight hairs arising close together, one

medially and the other laterally, which do not greatly exceed in

length the "finger." Near the middle of the upper side is a smaller

"finger" three-fourths the length and one-half the width of the ter-

minal "finger" and very similar to the latter. Between this dorsal

"finger" and the base of the "thumb" are 2 strong, curved hairs about

equaling those at tip of "thumb," and at middle of latero-ventral

aspect of "thumb" arises a hair about equaling the latter. The
penultimate palpal joint bears the usual claw, which reaches about

to the basal "finger," and also bears 2 bristles, one arising dorsally at

base of claw which hardly equals the length of claw, and one aris-

ing near center of outer side which about equals the dorsal bristle.

Legs I hardly equal the length of body from the anterior margin of
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cephalothorax to tip of abdomen; relative lengths of segments of

leg I, coxa 25, trochanter 15, femur 53, patella 23, tibia 30, tarsus

49; femur almost 4 times as long as thick; tip of tarsus (the onych-

ium) bearing a claw which is strongly arcuate and 4-cleft to its

middle. Ai'ising also from the onychium, laterad of base of claw on
either side is an enlarged process which immediately splits into 2

nearly straight hairs, each of which bears a capitate tip. These 4

capitate hairs spread spokelike in the same plane and their relative

lengths are similar to those of the fingers of the human hand viewed

from the top. The location of bristles near the onychium is not

constant, varying with the locality, etc., 1, 2, or 3 hairs occurring at

the point of abrupt enlargement near the tarsal end which reach

almost to the tips of the capitate hairs, and 2, 3, or 4 hairs occurring,

at a distance from the onychium about twice as great as that of the

distal hairs. (PI. Ill, figs. 13, 14.) A series of measured females

gave the following dimensions : Length (front of cephalothorax to tip

of abdomen), 0.424 mm.; width (across posterior margin of cephalo-

thorax), 0.278 mm.; length of foreleg, 0.325 mm.
Longevity.—The duration of life of the adult female may be divided

into two periods—a short period inmiediately following the deuto-

nymphal molt during which no eggs are laid, and a rather extended

egg-laying period, which, as determined by experiments at Batesburg,

is 18.8 days. Perkins states that in warm, dry weather the female

begins to oviposit in about 48 hours after the last molt, and that in

cooler weather egg laying may not begin for several days. Von
Hanstein (1901) found the preoviposition period of Tetranychus althaea.

to be eight days or more. Ewing (1914) records the average duration

of the period previous to egg laying to be three and four-fifths days.

During this inactive period the female mates, feeds to some extent,

and exhibits a desire to migrate.

The adult life, from the last molt to death, as computed from 23

females, is 12.43 days for the summer season in South Carolina. The
longest individual record of longevity at Batesburg is 39 days, cover-

ing a period from September 1 to October 9, most of which was dur-

ing v/arm weather. The next longest record was 23 days, covering a

period from September 1 to September 24, also during warm weather.

Perkins states that in Vermont the females under favorable conditions

may hvc at least three weeks and probably longer. Ewing found the

average longevity of the female during the early fall in Oregon to be

21 J days. Morgan (1897) claimed that females live only from five to

seven days after reaching maturity. The virile late-fall female often

lives five months. Very little is known conceniing the longevity of

the male.

C'olf/r variations.—^That red spiders vary in color has been observed
for a long time. It was observed in the case of the European spe-

cies, and seems to have \uh'1\ iiistrumcMital largely in IIk^ foi'ination
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of numerous synonyms by early writers. For a long time it was
held that this diversity in color was due mainly to the varying natine

of the host plants.

Ewing (1914) conducted a series of experiments for the purpose of

ascertaining the nature, situation, and composition of what he styles

the six principal pigments of the common red spider, namely, green,

yellow, orange, carmine, black, and brown. In summarizing he states

that the green color is due to the presence of chlorophyll in the blood

or tissues of the mites; that the yellow color arises from a pigment

derived from and closely alhed to the chlorophyll green pigment and

which is elaborated from the green pigment ; that the orange color is

due to a pigment of that color which is dissolved in the cell fluids or

the blood and is quite permanent, is unaffected by age, and is never

found except in adults on certain hosts; that the blackish color does

not arise from a distinct pigment, but is due to the concentration of

the yellow pigment in the food material; that the brown color also

is due to a superabundance of the yellow pigment; and, finally, that

the carmine of the region of the eyes is due to the presence of a per-

manent pigment which is present even before hatching. Ewing
states that in his experience reddish individuals are exceptional.

The experiments conducted by Ewing are a distinct step in advance

and, it is hoped, will stimulate additional research in that direction.

Perkins was of the opinion that dark-colored females are ones that

have been impregnated, and that light-colored females are weak sex-

ually and have either no offspring or impotent progeny.

As a rule the females we have observed are either brick-red, orange,

amber-yellow, greenish, or brownish-green. During the period from

April to September, inclusive, the vast majority of adult females in

the South are a conspicuous brick-red color. Toward late fall the

females often assume a salmon-yellow color in the Southeast. Von
Hanstein (1902) also found this to be the case in Europe with T.

althaea, and he considered that the color was associated with prepara-

tion for wintering. It certainly is very striking that the red type of

female almost disappears in the fall and is replaced by the orange-

yeUow type.

Description of Male.

The color of the male is rusty salmon; the lateral spots are less

conspicuous and usually located near the front of the abdomen ; the

cephalothorax is often nearly clear straw color. Eyes crimson, rela-

tively more conspicuous than in the female. The legs I are usually of

a deep salmon color (this not being the case with the female) . Body
cuneate-ovate, widest at the anterior region of the abdomen, the

cephalothorax rounded in front, abdomen tapering to an acute point

posteriorly; bristles arranged very similarly to those of the female, but
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of considerably greater length and prominence, the frontal pair not

over half as long as the subfrontal pair, which, like themedian pair next

behind, are in length equal to two-thirds the greatest width of the body.

Relatively the legs are longer in the male than in the female. Tip

of upper side of thu'd joint of palpi with a short, stout, curved spine.

The penis (Ewing, 1913) is short, stout, and has a hook at its end

which turns upward and ends in a flattened barb. A measured

series of males yielded the following dimensions: Length (anterior

margin of cephalothorax to tip of abdomen), 0.256 mm.; width, 0.142

mm.; foreleg, 0.256 mm.
Color variations.—The color variations of the male are very slight

compared with those of the female. Nearly all individuals conform

to one type, which is of an amber-yellow color.

GENERAL FEATURES.

Structural variations.—The microscopic characters of the palpus of

the red spider (PI. Ill, figs. 1 to 7) are rather variable. The relative

dimensions of the terminal 'finger" show considerable diversity.

The number of bristles between the terminal "finger" and the sub-

basal "finger" varies at least from 1 to 3; also, the size and out-

line of the sub-basal "finger" is subject to some variation. (PI. Ill,

figs. 13, 14.) Similarh'-, the character of the tarsal appendages (PI.

Ill, figs. 8 to 12) exhibits some modifications.

Proportion of sexes.—Worsham (1910) states that in Georgia less

than one-fourth of the fertilized eggs produced males. In a large

number of rearing tests conducted at Batesburg the total male and.

female progeny from fertilized eggs was found to be 39.7 per cent

and 60.3 per cent, respectively. The ratio of four males to six females

represents fairh^ well the usual proportion of the sexes. When de-

velopment is normal, the ratio of females to males (based on the

foregoing computation of sex ratio) will remain about six to four.

At the time of the active migratory movements of females, with their

resulting isolation without male individuals, reproduction takes place

parthcnogenetically for awhile. Since unfertilized eggs invariably

bring forth male individuals, the progeny of these isolated unfertilized

migrants will be males, and following such migrations a superabund-
ance of males is frequently observed; also, the ability of males to

evade capture by predatory enemies or to withstand the action of

wind and rain may account partly for the increased number of males
which occurs at times. In the fall there is a tendency for th(^ males
to predominate which insures the fertilization of the females during

the winter.

Copulation.—Several writers have dcs(;ribed the act of copulation

of the red spider. Perkins (1897) states that the sexes pair at once

after the last molt atid that oru; female may receive several males if
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they are at hand, but that impregnation occurs but once. Von Han-
stein (1902), writing of a European form, records many details which

agree with those exhibited by the American form. Males are often

observed waiting on quiescent deutonymphs, which they excitedly

stroke and overrun, as though trying to assist in the molting process.

A typical case of copulation may be described as follows: The female,

issuing from her deutonymphal skin is inamediately attended by one

or more males. The female remains comparatively quiet and the

male crawls directly under her from behind. The legs I of the male

are reached up around the hind portion of the female's abdomen, and

the tip of the male's abdomen is then bent sharply upward and slightly

forward (fig. 4) until the genital aperture of the male comes in con-

tact with the vulva, which is subterminal. At the approach of a sec-

ond male the engaged individual usually "backs out" from under the

Fig. 4.—Outline sketch of male red spider, showing the characteristic copulatory attitude with reflexed

abdomen. (Drawn with camera lucida. 175.) (Original, i

female and upon the departure of the intruding male resumes his for-

mer position.

Parthenogenesis.—Perkins recorded that females readily deposit

eggs upon failure to mate and that from these unfertilized eggs only

males develop. He also states that, after producing a number of

eggs, if inipregnated subsequently, such females produce a majority

of female eggs. Banks (1900) says that the first eggs laid by unfer-

tilized females
'

' produce only males, which, when adult, will pair with

the females, and the latter will then lay eggs producing both sexes.''

Morgan detennined that eggs from unfertilized females were viable

and capable of development. Ewing reared to adult 52 eggs of three

virgin females and all of them became male.

While it has been known that unfertilized eggs become male indi-

viduals, no effort has been made, apparently, to test the potency of

agamic males. Upon a few occasions parthenogenetic males have

been isolated with virgin females, which deposited the usual number
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of eggs and developed individuals of both sexes in the usual propor-

tion. Since ordinarily these virgin females would have deposited

eggs producing males, it is demonstrated by the equal representation

of female progeny in such matings that the parthenogenetic male is

completely potent.

Parthenogenesis has a very important role in the biology of the

common red spider. Earlier writers have shown that it works to

maintain a relative equilibrium between the individuals of the sexes.

Migrating females very frequently estabhsh themselves without hav-

ing been fertilized, and they are very Kkely to be without males

subsequently. Thus in the event that they arrive unfertilized, their

offspring will all be male, and upon the maturing of these male broods

Fig. 5.

—

a, Cross section of normal cotton leaf; b, cross section of cotton leaf injured by tlie red spider. The
puncture is near lower right-hand comer. Highly magnified. (McGregor.)

the "pioneer" females will at once begin laying fertilized eggs, which
will maintain the sexes nearly even.

Feeding and injury to plants.—All stages of the red spider, as

before stated, feed actively upon the leaf of the host plant. The
focfling operation is accomplished by means of sliarp, slondor, lance-

liko mouth parts whicli arc tlirust through the epidermis well into

the leaf, usually on the underside. In the case of cotton, which is

typi<-al, tlie punctun; is mad(! through tlie underside. Tlio conse-

quent siphoning out of tlie ccsllular material in the immediate
vicinity of the puncture results in the impoverishmc^nt of tlie imme-
diately udjacf!nt tissue (see fig. 5). The parenchymal cells are

r,4:jw''— r.uii. 4if>—17 3
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ruptured and the palisade cells become shrunken and distorted.

Each incision of the stylets causes a blackish spot, and after much
feeding the infested leaf becomes thickly spotted underneath. There
is a change of color in the portions of the leaf attacked which develops

especially on the surface immediately over the injured area. In

the early stages of infestation this coloring reveals itself as small

blood-red blotches, which vary with the number of mites present

and with the extent of surface attacked. As leaves become more
heavily infested the entire leaf often becomes involved and the

effect is soon very marked. The petiole droops to a marked extent,

and the entire leaf turns rusty red and later becomes brown and dry.

The lower leaves are first attacked, but infestation spreads upward
until the plant becomes almost completely defohated. If the

progress of the pest is checked, through natural conditions or by
spraying, the health of the foliage is frequently restored and only a

few leaves may be shed.

The nature of the injury to plants other than cotton is not mate-

rially different from that just described. It is not, however, usual

for most plants to exhibit the red blotching. In the case of garden

beans, hollyhock, sweet peas, and many other hosts (PI. IV, figs. 2,

5, and 7) the badly affected leaves assume an ashy hue due to the

presence of innumerable grayish puncture specks.

Web spinning.—For more than 100 years the red spider and its

close relatives have been known as spinning mites or "spinne-

milbe," owing to the abiUty of these creatures to construct webbing.

There is stiU uncertainty, however, regarding the nature and location

of the spinning apparatus, some workers claiming that the glands

are located near the mouth, while others contend that the threads

issue from the anal end of the body. Ewing (1914) asserts that the

silk emerges near the anus and that the four-pronged ^ tarsal claw and

the tennent hairs, found on the tarsi, are used in its manipulation.

The fibrils formed by this species are so exceedingly fine that they

are almost invisible. Many of them together are visible as a silvery

sheen on the much-infested surface (PL IV, figs. 1 and 2). The
strands are not arranged as a symmetrical web, but merely extend

from point to point on the leaf, from leaf to stem, or from one leaf

to another. . Under normal conditions it appears that the thread

is not produced during the ordinary wanderings of the mite, but

becomes elaborated at special times, as when the host becomes non-

succulent through drought, when the supporting plant becomes

overrun by the pest, or in the presence of numerous enemies. As
the leaf curls through the loss of juices the threads become separated

from the leaf, so that some mites are under and some on the web.

The web is normally confined to the underside of the leaf, but on
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heavily infested plants it may occur on all parts of the host, the whole

apical portion of the plant having a silvery appearance.

There has been considerable conjecture concerning the function

of the webbing. The surface of the leaf is preferred for oviposition,

and it is apparently only when overcrowding has resulted in a con-

fusing maze of fibrils that the females resort to the webbing as a

medium upon which to place the eggs. Hundreds of mites in

experiments have been observed to molt or to prepare to molt, and

without exception they have fixed themselves for the quiescent

period directly upon the surface of the leaf.

It has been thought by some writers that the travel of red spiders

is facihtated by the presence of the web and that travel upon cer-

tain hirsute plants is practically impossible without the aid of web-

bing. In our work mites have been seen crawling readily over the

surfaces of aU sorts of pubescent and hirsute plants which possessed

no trace of webbing. We have tested larvae, nymphs, and adults on

the pilose surface of velvet and find that they travel readily over the

innumerable projections of the pile.

The suggested aerostatic role of the webbing in conveying mites

through the air seems improbable. We have never seen web appear-

ing as though damaged by wind, and neither in the experiment by
Mr. E. E. Munger during 1912 in California on wind dispersion nor

in those of a similar nature conducted at Batesburg has a trace of

web been detected on the screens coated with a sticky substance,

although many red spiders have been thus taken.

We believe that the function of the webbing is that of protection.

Among the agencies against which this protection undoubtedly serves

are: Spattering raindrops; upward bombardment of soil particles

during heavy storms; jarring of foliage caused by driving storms,

wind, or sudden contact; flooding, in the case of prostrate plants;

the attack of predatory insects, etc. We have often examined infested-

leaves the undersides of which were heavily coated with soil par-

ticles, and after carefully removing the web found the mites unin-

jured and active behind the protective canopy. On other occasions

following heavy downpours leaves not supplied with webbing have
frequently been observed completely freed of the red spider, whereas
leaves bearing webbing, although subjected to the same storms,

still retained a great many mites. Again, low, prostrate plants

have frequently been examined following flooding rains and the low-

est leaves often found to be heavily coated beneath with a deposi-

tion of scum that had bo(!n hsf t upon the retreat of the surface water.

In such cases, when web had intervened between the mites and the

water, the creatures surviv^fid the flooding and could be found pur-

suing their various activities without sc^rious im pediment.
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In the course of many field examinations we have often seen

predatory uisects which had been entangled in the red spider's web-

bing and had perished. TrijMeps insidiosus and other species have
been frequently caught in this manner. As Quayle (1912) has

recorded, Arthrocnodax appears very much at home among the fibrils

of the mite web and probably derives some protection from the chal-

cidid AjDhanogmus.

Clustering before rain.—Immediately before heavy rains mites are

often seen clustered in groups. This was never seen at any other time

than just prior to the first drops of a heavy rain.

NATURE AND EXTENT OF DAMAGE TO COTTON IN THE SOUTH.

The detailed accoimt of the specific feeding method and immedi-

ate injury inflicted by the red spider we have already presented. It

has been shown that severe infestation causes such a lessened vital-

ity, and possibly toxic condition, that a shedding of the leaves and

bolls is induced. In severe cases the death of the stalk usually follows

the complete defoliation of the plant. However, the loss of foli-

age (PI. V, figs. 1-3) is always accompanied by the shedding of the

bolls, which may amount to the total elimination of the fruit or to

the loss merely of the younger boUs. In the case of stalks which

have suffered the complete loss of foliage but which have retained

certain of the oldest bolls, the latter may open and produce lint, if

sufficiently mature. These defoliated plants are rarely productive

of any considerable amount of cotton, though in some cases they

develop considerable adventitious foliage and may become restored

abnost to normal appearance.

The damage worked by red spiders in cotton fields varies in intensity

and extent according to the nature of the dispersion centers, and de-

pends on whether control measures have been applied and upon other

factors. In 97 cases brought to our attention during one season (1912)

the average infested area for each case was 21 acres. In other words,

^
a total of about 2,037 infested acres of cotton was voluntarily reported

from South Carolina during one season. It is a conservative estimate

to presume that this does not represent over 10 per cent of the total

affected acreage in the State for that year. This would make the

infested area in South Carolina about 20,370 acres, which would

normally produce a crop of about 13,580 bales or 6, 790,000 pounds.

The proportionate part of this output that might be expected to be

lost through the ravages of the red spider is about two-fifths, or

2,716,000 pounds. At 12 cents per pound for the staple, this lost lint

wiQ represent a tax of $325,920 to the State, and the value of seed

correspondingly lost would ordinarily amount to $67,900. Our figures

thus indicate that during the season of 1912 the red spider caused a

loss of about $393,820 to the cotton planters of the State of South
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Carolina. Considering the fact that North Carolina, Georgia, Ala-

bama, and Mississippi are known to suffer from the pest practically

to the same degree as does South Carolma, it is within all probability

that the Southeast, during a severe red-spider year, may suffer a loss

of 82.000,000 from the ravages of this pest. As discussed under
another heading, the occurrence of the pest during certain years is

comparatively light, and the resulting injury is correspondingly

reduced.

Fro. r,.—Diagram illustrating the sequence of the usual 17 generations of the red spider in the course of

one year. (Original.)

GENERATIONS OF THE RED SPIDER.

Regarding the number of generations at any given locality very

little ha.s been published. Ewing (1914) states that in Oregon the

activities usually begin early in May and that hibernation com-
incjices in October. This furnishes an active season of about 180

days, which, divided by 19.7 days (tlu; duration of tlie life cycle

biused on his uverugesj, gives nine generations occurring at Corvallis

for the season. Worsham (\U\(\) slates that in Georgia there are 10
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successive generations in seven months, each requiring about three

weeks for completion.

At Batesburg the average time required throughout the active

season for the completion of a generation is 10.7 days. Since there

are normally about 180 active days per season at that locality, it fol-

lows that there should be approximately 17 successive broods in

South Carolina. This estimate is borne out further by the actual

observations in the field.

In 1911 the wintering brood (eggs of the preceding fall and winter)

reached maturity about March 11; the 1911-12 wintering individ-

uals matured about April 17; March 25 marked the arrival of the

1913 initial brood of adults; and in 1914 the wintering generation

again completed its development about March 25. The average date

of appearance of the first spring brood at Batesburg is computed

from the foregoing records to be March 31. The time required for a

single generation varied from 170 days during the winter of 1911-12,

and 35 days in March and early April, to 10 days throughout the

summer. The generations, as indicated in Table III and figure 6, are

the composite averages of aU our continuous records of the past

four years and undoubtedly represent the normal sequence of broods

in South Carolina.

Table III.

—

Seasonal sequence of the 17 annual red-spider broods at Batesburg, S. C.

Brood.
Com-
mence-
meat.

Com-
pletion.

Duration. Brood.
Com-
mence-
ment. pSn. !>--«-•

1

2

3
4

5

6

7

8

9

10

Mar. 31
Apr. 23
May 6
May 18
May 30
June 10
June 21
Julv 2
July 12
July 23

Apr. 22
May 5

May 17
May 29
June 9
June 20
July 1

July 11

July 22
Aug. 2

Days.
22
13
12
12
11

10.7
10.7
10.7
10.7
10.7

11

12

13
14

15

16
17

Aug. 3
Aug. 13
Aug. 24
Sept. 4

Sept. 16
Oct. 1

Oct. 23

Total..

Aug. 12
Aug. 23
Sept. 3
Sept. 1.5

Sept. 30
Oct. 22
Mar. 30

Days.
10.7
10.7
11

13

15

22
159

365

In sheltered locations winter development may continue sufficiently

long to result in the maturing of one or more extra generations.

While instances of this are comparatively rare, they are of con-

siderable biologic and economic importance.

Rearing experiments.—Practically all of our experimental data

covering fife history and biological statistics were secured through

the use of a special type of rearing ceU which is attached directly

to the leaf of the Hving plant (fig. 7).

The individuals to be reared or experimented with are carefully

introduced into these cells by means of the finest camel's-hair brushes.

The felt confining pad permits the free passage of air, so that the

conditions wdthin the cell are nearly normal. It was found that in
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rearing cells attached close to the ground quicker development

residted than in those attached liigher on the plant. As this arises

through heat reflection from the soil, the rearing cells were attached

usually at points 3 or 4 feet from the ground in order to ehminate this

surface radiation in so far as possible.

SEASONAL HISTORY.

Over-wintering Jiahits.—Several European writers have stated

that the common red spider of the Continent passes the winter in a

state of hibernation under bark scales or in the ground. Duges

found this species under stones

and concluded that they reached

the gromid with the falhng

leaves. Von Hanstein (1902)

found them during the winter in

large numbers in the ground

near trees wliich had been se-

verely infested. He states that

mites are often so thick about the

c^o^^^l of the tree roots that

when the soil is removed they

become plainl}^ visible from some

Httle distance, and adds that the

red spiders fashion wintering

quarters in the protective crev-

ices of the bark. In Colorado,

Weldon (1909) determined that

the -vvinter is spent in the ground,

and states that myriads of red

spiders were found below the soil

surface at the crowns of trees

upon which they had been feed-

ing. Some were found at a dis-

tance of 10 feet from the trees,

where they had crawled beneath

clods of soil to hibernate. Weldon states that hibernation begins before

the cold weather sets in, the first downward migration of mites occur-

ring toward tlie end of July. Wilson (1911) (Batesburg, 1910) enter-

tained the belief that the red spiders overwinter on cotton plants near

the base of the stalk, and was certain that they hibernate about the

roots of cultivated violets. Worsham (1910) seems to have been the

earliest investigator to recognize the fact that in the Southeast, at

least, the red spider passes the winter actively in the adialt stage,

and even propagates sparingly at temperatures slightly a])ove

freezing. lie found small colonies housed during the winter on

Fig. 7.—Type of isolation cell employed for the

life-history and other developmental studies of

the red spider. Attached to violet leaf. (Orig-

inal.)
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several species of plants then bearing green leaves. Ewing (1914)

states that in Oregon the females enter the period of hibernation in

October, and. that males are not foimd during winter.

At Batesburg we have repeatedly investigated hibernation. Old

cotton stalks, trash from in and around recently hifested cotton fields,

dormant weed stalks, violet roots and crowns, and similar material

(gathered from locaUties of recent infestation) were collected durmg
winter and placed in a large Berlese apparatus. The results were

always negative. Many examinations have been made of dormant
cotton stalks and other plants which had, during the previous season,

harbored mites. We have never recovered living red spiders from
these dormant hosts. In short, there is absolutely no evidence which

would lead to the behef that hibernation occurs in South Caroluia.

The pest maintams itself throughout the winter on several species of

wild and dooryard plants. We have traced infestation through four

successive years, from the primary sources to cotton fields and back

to the wintermg hosts, and have estabhshed the botanical sequence

which constitutes the successive migratory steps of seasonal activities.

The cUspersion of the pest is determined largely by the nature and
location of the plants upon which the mites overwinter. These hosts

are divisible into summer hosts and winter hosts. Under summer
hosts we place such species as harbor mites through the summer and
which remain green throughout the winter, thus furnishing continu-

ous feeding during all months of the year. Hosts of this kind are of

vast importance in that they obviate the necessity of fall migration

on the part of the mites. Among the more important plants of this

type are the cultivated violet, strawberry, hollyhock, mustard, privet,

and grass {Panicum scoparium). It is probably true that compara-

tively few infestations in cotton arise directly from these summer
hosts. The balance of the mites persist through winter on the winter

hosts. These mclude the native weed species which germinate or

put out basal leaves in the fall, and to which a certain percentage of

the migrants, from cotton and other annual plants, disperse. Where-

ever these weeds are allowed to grow in great profusion they are

usually found to be infested, and when occupying positions close to

cotton fields they constitute centers of direct invasion. Among the

more common of the winter hosts in South Carohna are Stachys

arvensis, Geranium carolinianum, Rubus sp. (wild blackberry), CJieno-

fodium hotrys, Sonchus asper, and Oenothera laciniata. Since the great

mass of red spiders pass the winter on the wild plants, it is evident

that these plants are of great importance. They occur commonly in

dense borders along ditch banks, in field borders adjoining areas

planted to cotton, in dooryards, and bordering roadsides.

Practically all of the winter hosts possess only prostrate leaves

during the late fall and winter. This makes the foUage more acces-
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sible to tlie mites which may be crawUng about in search of green

plants, and, hkewise, the basal leaves favor greatly the reestablish-

ment of red spiders which may become stranded while being carried

in surface water.

Appearance of spring adults.—The date which marks the maturity

of the progeny of the females which wintered through from the pre-

ceding fall is subject to some variation. In 1911 the first spring

brood was maturing as early as March 11, while in 1912 the first

females did not appear until about April 17. In both 1913 and 1914

this brood matured about March 25.

Time of violet devastation.—Usually toward the end of May the

cultivated violet plants in the Southeast become so completely over-

run with red spiders that they are kiUed to the ground. The first

indication of damage to violets is the presence of russet spots on the

leaves. As the infestation increases the appearance of violet borders

is as though they had been fire swept. Those who see them invari-

ably beUeve they have been killed by drought. (PI, IV, fig. 4.)

When violets grow within a few hundred feet of cotton they may
constitute the immediate source of infestation.

The average date of maximum injury to cultivated violets, as shown
by the observations of the last four years, is found to be May 25. This

is important in the seasonal history of the red spider, since the death

of so many violet plants precipitates the migration of the mites, with

the result that the pest becomes established on many new hosts.

Tijne of estahlisTiment on cotton.—The earliest date for the estab-

lishment of the red spider on cotton varies somewhat from season to

season. The time depends largely on the date of appearance of the

crops, since we frequently find females established on seedlings which

are only three or four days old. Mites have occasionally been seen

established on cotton as early as the 1st of May, but for the seasons

1911, 1912, 1913, and 1914 the average for the first records on cotton

is computed to be May 20. The lower (sandy) section of South

Carolina averages one-half month earher in the pest's appearance

than does the upper (clay) section, June 25 marking the time of the

beginning of damage for the former and July 10 for the latter.

Time of severest infestation.—The progress of infestation in a given

field depends on several interrelated factors, such as temperature,

precipitation, natural enemies, etc. Furthermore, there are succes-

sive waves of infestation occasioned by the favorable and the inimical

natural agencies. In 1911, at Batcsburg, a cotton field was seen

very acutely infested on June 12, while in 1913 fields were seen badly

infested as late as Septeml^er 6. Most of the severe infestation, how-
ever, occurs during July and August. By averaging the dates of oc-

currence of a considerable number of acute cases in our files we obtain

July 20 as the date of lieaviest infestation.

rK4;iH()°—Bull. 410—17 4
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A'p'proxhTnate date of reduction in numbers.—During each of the four
years of the red-spider investigation there has occurred at some time
of the season a sudden reduction in the numbers of the pest due to

the abundance of natural enemies. Unfortunately, this is not general
and simultaneous throughout the South. Furthermore, the mite
reduction occurs at different times from season to season. In 1911 it

did not take place in central South Carolina until about the 1st of

September, whereas in 1912 the pest was controlled as early as July 10.

In 1913, July 20 marked the approximate date of decimation, and in

1914 the phenomenon occurred about July 20. For the four seasons,

the average date of the reduction of the red spider by its insect ene-
mies is found to be about July 15.

Following these seasonal decimations the mites are often reduced
almost to extinction, which naturally reacts against the predatory
species in due time, and in their absence a secondary impetus is

usually noted in the development of the red spider. These second-
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Fig . S.—Cxirve representing the 4-year composite seasonal status of the red spider in central South Caro-
lina. The depression of the line in June represents the decimation arising through the activity of
predatory enemies. (Original.)

ary occurrences seldom result in serious infestations, but have the
result of restoring somewhat the status of previous cases. This
numerical revival may be looked for usually between the middle and
last of August in South Carolina. (See fig. 8 for seasonal status curve.)

FaU and early winter status.—In parts of the world where the red
spider hibernates the mites prepare to leave their host plants at the
approach of winter and seek shelter in the ground or under the bark
scales at the base of the trunk or stem of trees. In South Carolina,

the mature mites assume the characteristic orange-yeUow color with
the arrival of late faU.

The mites which live through the winter are to be found usually
on the basal leaves of a few dooryard plants, such as English violet,

hollyhock, strawbeiTV, and mustard, and upon several native species

of weeds, etc., which offer green leaves. Every stage, from egg to

adult, of both sexes has been repeatedly encountered during winter.

The immature individuals produced in brief intervals of favorable



THE BED SPIDER ON COTTON. 27

weather are almost certain to perish with the return of lower tem-

peratures.

Variation in ahundance from year to year.—It is noticeable that the

degree of occurrence varies greatly from year to year. We find

from a study of the various natural influences that it is possible to

foretell the probable status of the pest during a given season with

considerable assurance. The red spider is extremely resistant to

adverse meteorological conditions, and no matter how severe the

winter, a considerable proportion of the mites come through safely.

On the other hand, many of the insect species which are predatory

upon the red spiders, being of a more susceptible nature, are less

likely to survive the hardships of a severe winter. Theoretically,

after a mild winter there should be am abundance both of mites

and predators, while after a severe winter the mites should survive

in a much greater proportion than their enemies. This condition

has obtained during the past four years, mild winters being followed

by mild red-spider seasons, while severe winters have been followed

by seasons of heavy mite occurrence.

DISPERSION.

When the food supply on favorable host plants becomes exhausted

dispersion to new food plants takes place, and it is usually by a

succession of such dispersions that cotton finally becomes infested.

Ground travel.—On many occasions red spiders have been observed

crawling on the ground in the vicinity of grossly infested plants, fre-

quently crawhng up and down the stems in search of more favorable

hosts upon which to feed. In order to ascertain whether red spiders

leave the plants of their own vohtion and crawl upon the ground

in attempts to extend their range, the following experiment was
instituted.

Tests of red-spider movements.—Large sheets of sticky fly paper

were carefuUy fitted about the bases of cotton stalks.- The sticky

surfaces were permitted to remain in this position for periods varying

from 24 to 48 hours. At the conclusion of these exposures careful

examinations were made, of which the following specific results are

rather typical: Five red spiders were observed on the inner edge,

which came in contact with the base of the stalk; 29 mites were

caught on the extreme outer edge, which was flush with the finely

packed soil; 5 red spiders were found ensnared at dffferent points

in the central area of the sticky surface. The only possible deduc-

tion is that the first-mentioned 5 individuals were intercepted as

they were desfcnding the stem; that the 29 mites were trapped as

they were crawling over the ground surface, presumably toward the

cotton stalk; and that the last-mc^ntioned 5 undoubtedly dropped

directly from the overhanging foliage.
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Manner of travel.—An extensive series of experiments concerning

the travel of red spiders has been performed. The female travels

in a comparatively straight course, being influenced by the light.

(PI. VI.) The female travels faster than the male and her effort is

extended over a relatively large space in an apparent attempt to

locate new food plants. The very frequent observance of sohtary

females on seedling plants is positive evidence that they estabUsh

themselves through the agency of ground travel.

The male, on being removed from the host plant and tested on

a comparatively smooth surface, confines his wanderings to a small

area. The tracings made of male travel are seen to cross and recross

until a maze of lines results. No evidence of phototropism has been

observed in many cases of male travel. There seems to be an in-

stinctive tendency to remain within a hmited area. The entire area

traversed in an hour by the average male on a smooth surface rarely

exceeds in size that of a watch crystal. The aversion to roaming

probably originates from the instinctive desire to remain with the

females of the colony. It is not essential to the propagation of the

species that migrating females, which failed to mate before under-

taking their journeys, should become fertihzed immediately upon
estabhshing themselves on the new host. As has been emphasized

previously, the early eggs of such sterile females produce only males,

which, upon maturity, immediately fertihze the females, so that the

subsequent progeny will be of either sex.

Table IV. -Distance and rate of travel of male and female red spiders on coarse paper
surface.^

Male. Female.

Warm Day. Warm day. Cool day.

Exp. No.
Time. Dis-

tance.

Rate
per

minute.

Exp.
No.

Time. Dis-
tance.

Rate
per

minute.

Exp.
No.

Time. Dis-
tance.

Rate
per

minute.

1

2
3

4

5

6
7

8
9
10
11

12
13
14

Mins.
30
30
30
30
12
8

15
15

40
16
15
15
45

30

Ft. In.
4 ^
5 9
5 6
5 2
2 1

2
5 7

4 5
12 7
3 7f
5 ^
4 8

9 3f
7 3

Inches.
1.68
2.30
2.20
2.06
2.08
3.00
4.47
3.53
3.78
2.73
4.30
3.73
2.48
2.90

15
16
17
18
19

-20
21
22
23
24
25
26

Mins.
31
26
60
60
30
60
30
30
21
31
26
30

Ft. In.
10 11

10 7

18 9
26
13 9
20 9i
13 14

8 m
11 11'

10 10
10 7
13 8

Inches.
4.25
4.85
3.75
5.20
5.50
4.16
5.25
3.55
6.80
4.20
4.90
5.47

27
28
29
30
31
32
33

Mins.
60
60
60
60
30
30
45

Ft. /«.
9
8 101
6 If
6 3
4 4
3 m
9 li

Inches.
1.80
1.77
1.23
1.25
1.60
1.55
2.43

Av.. 2.95 4.82 1.66

' The mean temperature at the time of conducting the warm-day experiments was'91.2° F., and at the
time of conducting the cool-day experiments was 62.7° F.
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Rate oj travel.—In order to ascertain
.
the rate of movement of

wandering red spiders a series of laboratory experiments was con-

ducted. A large sheet of coarse wrapping paper was fastened tightly

on a 4 by 6 table. The red spiders to be tested were liberated at the

center and their progress was traced for periods varying from 5 to

90 minutes.

The influence of temperature on the rate of travel was very marked,

and was established by conducting the foregoing tests on both hot

and cool days. It also develops that the average rate of travel by
the female red spider in summer is 4.82 inches per minute, while that

of the male under similar conditions is 2.95 inches per minute. (See

Table IV.)
SOURCES OF DISPERSION,

When cotton fields occur in urban localities it often happens that

infestations arise directly from garden or dooryard plants, such as

the violet, sweet pea, dahlia, hollyhock, garden bean, etc. (PI. IV,

figs. 3-5; PI. V, fig. 4.) As has been pointed out, however, the pest

more usually reaches cotton in the course of a series of migrations,

beginning with the primary hosts as foci, and advancing from host to

host as the native species appear above the ground in spring. The
plants which so happen to harbor the pest in situations adjacent to

cotton, when the latter appears, become the immediate sources of

dispersion to the cotton field.

Weed borders (PL V, fig. 5), which have been known to give rise

to very acute infestations in adjoining cotton fields, and which pre-

vail throughout the entire year, have been made the subject of con-

tinued observation, with the result that the position of such weeds
in the problem is now quite clearly miderstood. There are certain

weed species that at times occur in almost pure growths; that is,

countless thousands of seedlings of a given species may grow in con-

tinuous, dense borders. This was often noticed at Batesburg, where
at times weed infestation became so acute that entire borders of

Geranium carolinianum, Stachys arvensis, etc., wilted, and finally

succumbed entirely. It is just such cases as these that produce a

migration of red spiders to the cotton fields. A rather complete list

of the native plants at Batesburg which arc of great importance in

advancing the red spider to cotton in the spring is given in Table V

.
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Table V.

—

List of important spring weed hosts of the red spider, Batesburg, S. C.

Stachys arvensis.

Chenopodium botrys.

Sida rhombifolia.

Geranium carolinianum.

Trifolium repens.

Sonchus asper.

Vicia sativa.

Taraxacum officinale.

Gnaphalium spathulatum.

Rumex obtusifolius.

Oenothera laciniata.

Oxalis stricta.

Panicum scoparium.

Helianthus annuus.

Convolvulus sp.

Plantago lanceolata.

Croton texensis.

Rumex crispus.

Stellaria sp.

Solanum carolinense.

Solanum nigrum.

Ipomoea purpurea.

Passiflora incarnata.

Lechea villosa.

Brassica campestris.

Wild grass.

Rubus sp.

Phytolacca americana.

Ambrosia artemisiaefolia.

Amaranthus hybridus.

Datura stramonium.

Erigeron sp.

Xanthium americanum.

WATER DISPERSAL.

For a long time investigators of the red spider found it difficult to

explain why isolated infestations existed in fields comparatively

remote from the source of dispersion. It has been known for years

that heavy rains dislodge many red spiders, and it has been taken

for granted that these mites were destroyed. We have estabhshed

the fact, however, that 9 hours' submergence in water is necessary to

cause the death of red spiders. Beaten to the ground by the heavy

downpour of rains, countless thousands of mites are carried along in

the surface water and may even find their way into the smaller

creeks. Provided the red spiders are not iajured, they may revive

and become estabhshed many rods, perhaps, from the scene of

detachment. Table VI presents the data on submergence of mites

and the resulting mortahty.

Table VI.

—

Submergence and red spider mortality , Batesburg, S. C, 1914-

Experi-
ment
No.

Ex-
posure.

Inter-
val

before
exami-
nation.

Mor-
tality.

Condition of in-
dividuals not
recovering.

Experi-
ment
No.

Ex-
posure.

Inter-
val

before
exami-
nation.

Mor-
tality.

Condition of in-

dividuals not
recovering.

1

Hours.
24
24
24
24
12
7
2.5
17.5
8

10

Hours.
12
12
3

3
2

15

Per
cent.

100 Mn.r>firatp.d

.

11
12
13

14
15
16
17
18
19

Hours.
12
9
10
11.5
6
8.25
10.25
9
7

Hours.
4
3
6

6
10
4
6
4
8

Per
cent.

100
100
100
100
50
83

195.3
100
95

2. 100
100
100
100
1 7(1

Do.
Shrunken.

Do.
Do.

Macerated.

Shrunken.
Shriveled.
Shrunken.

Do.
3
4. Do.
5 Do.
6.

4 n

8 5
6

6

100
50
100

9
10

1 A minute air bubble, about which were some of the mites, remained in the vial.



THE EED SPIDER ON COTTON. 31

From Table VI it is seen that the shortest period of submergence

that will suffice to kill all red spiders is 9 hours. All individuals sur-

vived a submergence of 2^ hours, and 50 per cent revived after an

exposm-e of 8 hours.

Ohservance of water dispersal in the field.—The actual dispersion of

red spiders by surface water has been observed repeatedly in the field.

In Plate VII a typical case of this sort in a cotton field is illustrated.

The primary source of dispersion consisted of cultivated violets

growing in a dooryard, indicated by A. Upon becoming over-

crowded a migration took place from these plants which brought

many of them across the street {B) and into the cotton field (so indi-

cated), where they became concentrated at {G), the point nearest to

the violets. This infestation, Umited to one end of the field, is indi-

cated by ringed stalks. The heavy rains dislodged great numbers of

red spiders and carried them along in the little streams which ran

between the cotton rows. This surface water converging at the

lowest point of the field, a large percentage of the stranded mites

revived and reestabhshed themselves upon the cotton plants imme-
diately at hand. Thus, at D there began a secondary development

which tended to spread throughout the field. Naturally this dispersal

is repeated with each heavy storm, with the result that these concen-

trations at the lower points of the fields become more and more
severe.

Not all of the mites which are conveyed by the surface streamlets

reach the gromid through the effect of rains, as many are dislodged

by falling leaves, through the weakening effect of heavy infestation,

or by early frosts.

PLANT TO PLANT TRAVEL.

It is commonly the case during times of severe infestation that

mites spread directly from one plant to another through the inter-

lacing of branches. Such dispersion is facilitated by the close plant-

ing of cotton and, inversely, is discouraged by wide spacing. It is

difficult to say whether dispersion is accompHshed more by means
of ground travel or by leaf to leaf travel.

WIND DISPERSAL.

Several investigators have suspected that red spiders may be con-

veyed considerable distances by heavy winds, but it remained for

Mr. E. E. Mungor, of California, to conduct serious tests during 1913.

He employ(!d sticky fly paper at different heights above the ground

and at varying distances from the; source, which happened to be a

badly infested almond orchard. Mr. Hunger found quantitii^s of

mites on the sticky surface placed under the following conditions:

Twelve feet from tlu? ground and 100 feet from the orchard, ?>() f(>et

from the ground and 2.')0 feet from the orchard, and 50 f(u;t from the
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ground and 650 feet from the infested orchard. All of these tests

were made at tnnes when the usual light summer winds were blowing.

We conducted similar tests at Batesburg and were able to corrob-

orate to some extent the results of Munger. In one test we suspended

by a string a board bearing on each side two sheets of sticky fly paper.

The trap board was then attached to a wire stretched between poles.

A sticky substance was smeared on the suspending string to prevent

the mites from reaching the sticky surface by crawling. The sus-

pended board was free to swing in any direction, so that mites being

borne by the wind from any direction would be intercepted. An
orange tree which harbored Tetranychus mytilaspidis stood about 300

feet from the exposed sticky surface, and several other host plants

infested with T. himaculatus grew within 20 to 25 feet. After an

exposure of 36 hours the sticky paper was examined. Ten adult

specimens of T. mytilaspidis and several immature individuals of T.

himaculatus were caught.

During the periods of drought and food scarcity mites have been

seen to seek the highest or terminal points of branches, and this habit

of the red spider may be closely associated with dispersion by wind.

Naturally, this act would bring them to points where the effect of

the wind would be greatest.

OTHER DISPERSION AGENCIES.

Several additional agencies have been suggested by various writers

as means of spread of the red spider. The operation of cultivating

the crop has long been considered to be instrumental in conveying

mites from point to point about cotton fields. Titus (1905) main-

tained that the members of hoe gangs and cultivators are the most

common means of distribution. He claimed that mites cling to any
substances that brush against them, and in this manner are rapidly

and thoroughly scattered over fields. The effect of distribution along

rows and across fields, following the routes taken by farm hands, can,

he claims, be traced easily by the resulting infestation along these

routes. The present writers are inclined to minimize this acci-

dental type of dissemination. Even when manipulated with the

finest camel's-hair brush a certain percentage of individuals are

kiUed.

Alhed with this form of dispersion is that of accidental transpor-

tation by larger insects. Titus states that mites have been taken

from several insects, such as grasshoppers and small Hemiptera,

which often visit cotton plants. Such agencies of dispersion as in-

sects, domestic animals, poultry, and wild birds should be considered

as being of minor importance.
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CLIMATIC CONTROL.

Although, chmatic influences exert an immediate reducing effect

over hmited areas from time to time, the hardiness and the wide-

spread occurrence of the species insure the survival of sufficient num-
bers to reinfest locahties that may have been thus partially freed.

Owing to the fact that there is such a continuous succession of over-

lapping broods and that every stage from egg to adult occurs simul-

taneously, it is obvious that the most extreme weather factors can

not be expected completely to eradicate the pest.

Climatic conditions do, however, influence the development of the

red spider to a marked extent, and this influence may be either detri-

mental or beneficial. In the occurrence of the seasonal cycle the

status of the red spider invariably undergoes a series of fluctuations.

Beginning in January (see fig. 8, p. 26) we find the pest maintaining itself.

In February no pronounced gain is ever made, although the develop-

ment of the species may undergo some slight advance or setback due

to weather. During March there is a gradual trend toward an opti-

mum, but the pest usually suffers one or more retarding checks from

adverse weather conditions. Through April and May the progress

of infestation is usually most rapid, so that by the 1st of June develop-

ment has nearly reached its maximum. Usually some time in June

or early July a sudden decimation occurs which reduces the status to

normal or below. This reduction is followed by a reaction, so that

some time between the middle of July and the last of August infesta-

tion again increases. From that time until October, usually, develop-

ment is subject to fluctuations varying considerably in extent, but

the autumn period is characterized by a rather abrupt diminution

until, by the end of November as a rule, the minimum again is reached.

Rainfall.—During times of little rainfall and high temperature

reproduction goes on very rapidly; on the other hand, long, heavy
rains work havoc. In spite of the fact that the mites inhabit the

underside of the leaves, many are washed off by rains and others are

destroyed by the upward bombardment of sand particles. In fact,

it appears true that a few heavy rains, especially if they continue for

some time, reduce, temporarily at least, the degree of infestation,

^ythough a temporary reduction of the pest is occasioned by heavy
rains, many of the washed-off adults may be carried considerable

distances in the surface water at these times, only to revive upon
stranding, and to estabhsh new colonies remote from the scene of

their rearing, Tlius rain has the effect of greatly decreasing the per-

centage of infestation, while at the same time considerably extending

distribution. In one instanrxj a violet leaf, heavily coated with soil,

was (;xamin(;d and there remained, out of a re(;ent large colony, only

one female, one prim ary nymph, and numerous eggs. Of eight females
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remaining on another leaf seven were dead and one alive following a

heavy dashing rain.

The progress of infestation in cotton fields has been closely followed

on several occasions. The fluctuations in one of these fields, as indi-

cated by careful counts of infested and uninfested plants in large

series, was as follows: May 27, 57.5 per cent; June 10, 75 percent;

Jund 17, 33.3 per cent; June 25, 77.7 per cent, and June 27, 55.5 per

cent. A heavy rain fell on June 16, causing the reduction of 41.7

per cent; another fell June 26, causing the reduction of 22.2 per cent.

Drought.—Long-continued drought works, at least indirectly, to the

detriment of the red spider. Perkins believed that the pest developed

fastest under hot, dry conditions, but also demonstrated that mites

are capable of living quite well under very moist conditions. Titus

(1905) states that infestation rarely becomes serious unless accom-

panied by long-continued dry weather. Worsham (1910) asserts that

dry and warm weather is essential for the maximum propagation of

the spiders and that only during a prolonged drought do their ravages

assume serious proportions. Ewing (1914) writes that it is during

July and August that the red-spider injury becomes most serious and

that these are the hottest and driest months in western Oregon.

Investigations at Batesburg have further confirmed the rule that

the most rapid multiplication of the red spider is coincident with

periods of maximum temperatures and minimum precipitation. On
the other hand, the great rapidity of mite development reacts on the

species to its detriment. This reaction occurs in several forms.

First, the superabundance of the pest on hosts occasions the drying

of the foliage, so that the tissue becomes unattractive. This causes

widespread migratory movements, with the result that myriads of

the mites perish because of the intense heat of the soil or failure to

discover new hosts. Secondly, the concentrated massing of red

spiders at such times is to the benefit of their predatory enemies, with

the result that the predators in turn increase at their maximum rate.

INSECT ENEMIES OF THE RED SPIDER.

The investigations conducted at Batesburg have added substan-

tially to a knowledge of the insect enemies of the red spider. Three

insects were observed by J. C. Duffey (1891) to feed on red spiders

at the St. Louis Botanical Gardens in 1891. These were Scolothrips

sexmaculatus, a chrysopid larva, and Scymnus punctum. The latter

was observed to exert great control. Morgan (1897) states that a

very small black lady beetle (Pentilia sp.) was the only insect enemy
of the cotton mite noticed during 1893 in Louisiana. Perkins (1897),

in his account of the common red spider, mentions no predatory

enemies. Titus (1905) records chrysopid larvae, a species of Pentilia,

and other coocinellids as feeding on mites at several localities in 1905.
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Chittenden (1909) observed larvse of Scymnus punctum, Cecidomyia

cocddarum, (Jhrysopa rufilabris, and all stages of Thrips sexmaculatus

to be predatory on red spiders on the Kentucky coffee tree {Gymno-

cladus dioica) at Washington, D. C, dm^ing July and August, 1906.

He states that the Scymnus larvae were the most effective. In Colo-

rado, Weldon (1909) found lacewing-fly larv^ and Scymnus punc-

tum to be the principal enemies of the red spider. Worsham (1910)

states that the only natm'al enemy observed during the studies in

Georgia was Stethorus punctum, which fed, both in the larval and

adult forms, on the mites and the eggs. It was Quayle (1913) who
first gave us a considerable list of red-spider enemies. He does not,

however, differentiate between the predators of T. mytilaspidis, T.

sexmaculatus, and T. himaculatus. He states that most of the obser-

vations were made on the citrus mite. Parker's investigations (1913)

in central Cahfornia during 1911 and 1912 revealed the presence of

the following predators, which he states he has seen preying upon
red spiders: TripJdeps tristicolor (nymph and adult), Scymnus nanus,

Scymnus marginicoUis, Pentilia sp., and Chrysopa californica. The
lacewing-fly larvae were most active. Finally, Ewing (1914) lists the

following species as actively predatory on the red spider in Oregon:

the mite Seius pomi, TripMeps insidiosus, syrphus-fly larvae, and
Stethorus punctum. Other species of mites and insects are men-
tioned by Ewing either as having been reported elsewhere on the

Pacific Coast or as being probable enemies. Ewing estimates Seius

to be the most valuable red-spider enemy in Oregon. All told, these

enemies of the common red spider make a total of a dozen species

which, to date, have been reported as definitely feeding upon Tetra-

nycJius himaculatus. Neither Parker nor Ewing appears to believe

that substantial control accrues from the activities of the red-spider

enemies.

In the case of each of the seasons 1911, 1912, 1913, and 1914,

during which the red spider has been under observation at Bates-

burg, S. C, a sudden decimation of a more or less complete nature

has occurred. Figure 8, page 26, presents a diagram which consists of a

composite curve representing the average seasonal status of the red

spider in South Carolina for 4 years. The low summer point, reached

in July, indicat<!s graphically the combined control value of predatory

species. The red spider at the pr(?sent tim(i is known to be the

host of 31 species of artlu'opod enemies. Of these, 5 are mites

(Acarina), 3 are thrips (Thysanoptcra), 4 are bugs (Hemiptera), 4

arf. lacewing fli<;s (Neuroptera), 2 ai-e midges (Diptera), 4 are s3Tphid

i\'u'H (DipU'T'd), 8 are lady-lxictk^s (Cohsoptera), and 1 is a noctuid

moth (Lopidoptera). Th(!se predators, in turn, are known to be

attax^kcid by 75 sp(;cies of predators and parasites.



36 BULLETIN 416, U. S. DEPARTMENT OF AGETCULTUEE.

Plate VIII is a diagram which, to some degree, graphically indicates

the complex relation which the red spider bears to its environment.

In a nmnber of instances these predatory species also operate against

other small insects, such as aphids, scale insects, mealy bugs, white

flies, etc. So far as is known, only two predators are enemies exclu-

sively of the red spider, namely, the two midges. One predatory

species, the cotton leafworm (Alabama argillacea), is only incidentally

an enemy of red spiders, through the fact that myriads of

mites are devoured along with the cotton foliage. This defoliation

occurs generally over the cotton belt from time to time. Two of the

predators, in turn, become enemies of other predators as well as of

the mites. The most heavily parasitized of the predators are the

chrysopids and the syrphids, the mortality of which becomes rather

high at certain times.
arachnida, acarina.

Gamasidae.

Seius quadripilis Banks.—This mite was collected by Mr. G. A.

Runner at Key West, Fla., on a wild grass infested with the red

spider, and also at Orlando, Fla., on infested chinaberry leaves by
Mr. W. W. Yothers. Its abundance at these localities suggests that

it probably exerts considerable control.

Macrocheles sp.—This mite has been found on pokeweed (Phyto-

lacca americana) heavily infested with the red spider at Batesburg.

It has been observed actively at work in mite colonies, and is doubt-

less of economic value.

Laelaps Tnacropilis Banks.—Mr. J. D. Mitchell found this mite on
two occasions at Victoria, Tex., where it was doing good control

work on heavily infested sweet peas. Mr. W. W. Yothers also sent

it on badly infested chinaberry leaves from Orlando, Fla., where
the species was responsible for the marked decimation of the red

spider which occurred in the late summer. This mite is an important

enemy of the red spider.

Rhyncholophidae .

RTiyncTiolopJius pilosus Banks.—This species was observed at

Batesburg destroying the red spider on "mare's tail" (LecTiea

villosa) and on Boston ivy.

Anystidae.

Anystis agilis Banks.—This mite (fig. 9) is frequently seen crawling

about in unlikely places m search of food. It is extremely active and
follows a tortuous course that sooner or later brings it to its victims.

We have collected it from mite-infested elderberry (Samhucus sp.)

at Batesburg, but have made no accurate estimate of its control

value. Ewing reports fuiding considerable numbers of this mite

upon violets, heavily infested with red spiders, in Oregon.
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Kl'.tucky Coffee Tf^ee 'G iT/inocladus canadensis) Which Has Lost Most of
Irs Foliage Through the Work of the Red Spider (Tetranychusbimaculatus)-
(Original.;
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Variations in the Microscopic Characters of the Palpus and Tarsus and the
Bristle Arrangement on the Leg of the Common Red Spider.

Kio. 1.— Female on pokewecd, Dolhan, Ala.; left pal[)U.s, lateral view. Fig. 2.— Female on cot-
ton, Batcsburg, B. C; right palpii.s, lateral view. Fig. 3.—Female on cot I on, Mount I'loasant,

Miss.; riglit paipus, lateral view. Fig. 4.— Female on hoi).s, Sacnuncnii), (':il ; Irll, pulims,
lat<!ral view. F"io..').— I>arva on cotton, IJatcsburg, S. C.; left palpo hi ii r;i I \ icw . I i<; li

-

Larva on beaas, ilagerstown, Md.; rigiit palpus, lateral view. Fio. 7, t iiii;ilron cliiiiii lurry,
f>rlan(io, I''la.; right palpus, lateral view. Fio.H.—Deutonymph on cotton, lialesbrirg, S. ('.;

tarsal apfxjndages. FiG.9.—Female on chinal;erry, Orlando, Fla.; tarsal appendages. F^iG.
10.—Female on cotton, .Mount I'leasant. Mi.ss.; tarsal appondages. FiG. II.—Larva on beans,
Ifagerstown, ,Md. ; tarsal appendages. Fig. 12.— Larva on cotton. Mount I'hiasant, Mi.ss. ; r iglit

leg ly. Fig. 1:5.—Female on cotton, Uatesburg, H. V,.; left leg I, dorsal view. I''ig. M.— l''ciriale

on chinabcrry. Dolhan, Ala,; left leg I, ventral view. All drawn with oil-imraorsion and camera
iucida. llighJy mai/iiified. fOriginal.;
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Red-Spider Injury to Various Hosts.

Fig. 1.—Arborvitse tree heavily coated -B-ith mite -n-ebbing. Fig. 2.—A branchlet
from the tree shown in figure 1, showing enshrouding web. Fig. 3.—Dahlia plant
with leaves distorted and shriveled thi-ough mite activity. Fig. 4.—Bed of violets
dead to the groimd from excessive infestation. Fig. 5.—Blanched sweet-pea foliage,
also snowmg webbing. (Original.)
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Tracings of Travel of Female Red Spiders.

Fig. 1.—Mite traveled 143 inches in 21 minutes, or at a rate of 6.8 inches per minute. Fig. 2.—Mite
traveled 249.5 inches in 60 minutes, or at a rate of 4.16 inches per minute. Fig. 3.—Mite traveled
111.25 inches in 45 minutes, or at a rate of 2.48 inches per minute. Fig. 4.—Mite traveled 151 inches
in 40 minutes, or at a rate of 3.78 inches per minute. Fig. 5.—Mite traveled 106.5 inches in 30 min-
utes, or at a rate of 3.55 inches per minute. Fig. 6.—Mite traveled 87 inches in 30 minutes, or at a
rate of 2.9 inches per minute. Dotted lines indicate the direction toward the som'ce of illumination
at time of beginnuig of experiment. Short intersectuig lines indicate poiats of route where the
table top was revolved 180°. (Original.)
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95.61

Diagram Illustrating Red-Spider Dissemination by Means of Water Dispersal,

'lopotTfiphic survey mu[) of foilon fjclij sliowiiij; corjloiir iiri(« and coUon row.s. Red
.spjfler.s travf'lwl afoot, from iufc .led viol<-(, borders in dooryiird at A acro.s.s liij;liwuy, Jf
Tl fe«t, wide, lo'oiion in hit'li end of fiijd .it, r. I'rorn Ihi.s primary infcsfaUoii in'ites
werf;di.sl(xlt'ed durini.' heavy ruins urjd earried down the field in the surface waU-.r hofweon
the rows to the low point at IJ. Here, upon hecominK strandefl, they estuljlisliiid fhom-
selves upon the cotton, giving rise to a new Infestation. (Original.)

^^
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i^^^''

Diagram Illustrating Complex Relationship of Red Spider to Its Zoological
Environment.

Nine groups of predators embracing 31 species are seen to attack the red spider, and in turn 7 of
these predator groups areattaeked by a total of 75 species of parasites and predators. (Original.

)
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INSECTA, THYSANOPTERA.

Thripidae.

Scolothri'ps sexmaculatus Perg.—This species of thrips, as pre-

viously recorded, was mentioned by Duffey (1891) as being predacious

on the red spider at St. Louis. Chittenden (1909) observed this

thrips to be predatory on mites on the Kentucky coffee tree at

Washington in 1906. Quayle (1913) states that he has repeatedly

observed it to feed on the citrus mite, usually attacking the egg and
younger spiders, and occasionally eating the adult mites. At Bates-

burg this thrips has been under observation during four seasons. It ap-

pears to be about the earliest predacious enemy of the red spider, having

been seen on March 11, 1914, as the nymph. It becomes common
in May and very abundant throughout June, July, August, and Sep-

FiG. 9.

—

Anystin agilix, an enemy of the rod spider. Highly magnified. (Ewing.)

tember, and has been seen as late as December 10. Upon several

occasions it has been seen to attack mites in the field. The 6-spotted

thrips has been observed feeding upon red spiders at the following

localities: Emporia, Va.; Raleigh, Charlotte, and Laurinburg, N. C;
Clemson College, Columbia, Leesville, and Batesburg, S. C; and

Mount Pleasant, Miss. Yothcrs reports it actively predacious in

mite colonies on velvet bean, at Orlando, Fla.

A few tests were conducted for the purpose of ascertaining the

capacity of this thnj)H for the various stages of the red spider, and

data (Table VII) were secured from six specimens. These 6 thrips

fall nym[)hs) consumed 232 eggs and 5 nymphs and adults in 10 feeding

days, whifh giv(!S an average (•()nsnrn[)tion of 23.7 eggs and active

individuals per feeding day, OS per <-('iit of which w(;r(; eggs. It is

-^
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probable that the daily average of No, 2 (Table VII), which was over

35 eggs per day, represents the normal capacity of the species.

Table VII.

—

Red spiders consumed by Scolothrips sexmaculatus, Batesburg, S^ C.

Individ-
ual No.

Feeding
days.

. Consumption.

Eggs.
Active
individ-

uals.

Eggs and
active in-

dividuals.

Average
per day.

1 1

2

7

2 9
i

4.5

2 1

2
3

4
15

47
93
18
5

13 176 35.4

3 and 4 1 1 | 8 |
1 1 9 | 9.

|

5 1 1 1 35 35 1 35.0

6 1
i

4
1

4 8
j

8.0

Total 6 10 !
232 5 237 2 23.7

1 This was first adult day. 2 Average.

Monlton, the first investigator to establish that thrips in general

are preyed upon by the insidious bug, states that Triphleps insidiosus

is the most serious enemy of thrips. Quaintance also states that

thrips, in addition* to being attacked by the insidious bug, are para-

sitized by nematode worms. At Batesburg we find that T. insidi-

osus is very often present with Scolothrips and other thrips, and that

it commonly feeds upon Scolothrips in the absence of more desirable

food. The time required by Triphleps adults to drain a thrips aver-

ages about 2h minutes. A half-grown chrysopid larva was observed

to grasp and drain a nymphal thrips in 1 minute 35 seconds, and
immediately seized other thrips, repeating the operation.

Euthripsfuscus Hinds.—This thysanopteron, while frequently col-

lected in red-spider colonies, has not been observed in the act of

devouring red spiders; but our observations and those of other

workers indicate that this species is also an occasional enemy of the

mites.

Euthrips occidentalis Perg.—This species has also been seen from
time to time in red-spider colonies. The evidence concerning it is

not absolute, but it is believed to be, like the two foregoing thrips, a
predatory species.

HEMIPTERA.

ANTHOCOErDAE.

Triphlepsinsidiosus Say.—Thispredaciousbug (fig. 10) seems tohave
been first recorded as a natural enemy of the red spider by the senior

author in an earlier (1912) circular. Since then it has been recorded

as predatory on the common red spider by Quayle (1913) and Ewing
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Fig. 10.— Triphleps insMiosus, an important enemy of the red

spider: Adult. Muchi enlarged. (McGregor).

(1914); and Parker (1913) states tliat a closely allied species, T.tris-

ticolor, WSLS tlie most numerous red-spider enemy in the hop fields, but

that no controlling effect could be detected.

This predator, coming

upon a red spider like a

flash, thrusts its sharp

proboscis through the

mite's back and siphons

out the body contents.

In the case of one bug,

the first mite was drained

in about five minutes,

but each succeeding meal

was of shorter dui'ation,

so that the average time

rec[uired for each meal

was found to be about

three minutes. The ac-

tions of the nymph (fig.

11) are similar. Both

adults and nymphs feed

upon the mites in all stages from egg to adult, but the Triphleps adult

will not ordinarily consume mite eggs unless other food is scarce.

The operation of draining an egg

requires about two minutes.

These bugs pass the winter

in the adult stage and usually

become active some time in

April, although they have been

seen as early as the middle of

March. Triphleps becomes ex-

tremely abundant by the first

of July, and assists greatly in

the reduction of the red spiders.

Although it seeks hibernation

toward the end of October, in-

dividuals are commonly seen

some years as late as the middle

of this month.

By referring to Tables VIII

and IX it will be seen that 8 in-

dividuals collected as various

iijstur.s of the nymph drained 1 ,856 red spiders in 57 feeding days.

The average daily consumption of the nymph was 33.16 mites, that

of the adult was 28.88, and the daily average for all individuals was

Fir;. II. • Triphleps ifuidifjsut: Xymph.
larged. (McGregor.)

Greully en-
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32.56 mites. The predatory capacity of the first instar is not known^

since we have never reared individuals from the egg. The second

nymphal instar consumes on an average 80.5 mites, the third instar

consumes 112, and the fourth averages 146 between molts. The
average duration of the second instar is found to be 3.22 days, that

of the third instar 2.66 days, and the fourth instar requires 4.36 days.

The maximum recorded consumption for one day was 68 adult mites.

Moulton states that in California the life cycle of T. insidiosus re-

quires only 15 days, but the foregoing data would indicate that in

the Southeast a little longer period is required.

Table VIII.- -Predatory activity and development of Triphleps insidiosus, Batesburg,
S. C.

Indi- Feeding
days.

Stage of predator.
Mites
con-

sumed.

Total
con-
sump-
tion.

vidual
No. Nymph. Adult.

Remarks.

f 1

2
3

4

5

1

2

3

4

5

6

1

2
3

4

5

6

1

2
3
4

5

6

7

f
1

2

3

4

5

6

7

8

9

10
1

1

2
3

4

5

6

7

8

9

10
11

1

2

3

4

5

6

7

8

9

10

11

X
X
X

43
56
30
24
23
25
39
29
28
15

31
24

33

20
24

19
24
22
31

34
12
42
12
26
17
7

25
32
47
34
55
18
29
33
57
13
36
16
60
38
43
68
63
39
37
25
17
33
28
18
35
28
62
43
34
59
41

176

167

144

179

297

57

438

398

1
/Collected as young nymph; molted after 3
\ days to adult.X

X
X
X
X
X
X

X
X
X
X
X

(Collected as nymph; molted after 5 days
\ to adult.

2

X

3 Do.

X
X
X
X
X
X
X

4
fCollected as nymph; molted after 6 days
\ to adult.

X
X
X
X
X
X
X
X

X
X
X
X
X
X
X
X
X
X
X

(Collected as very young nymph in bs-
1 ginning of 2d instar; molted on 4th day;
1

molted on 7th day; molted on 11th day5

6 Nymph escaped.

(Very small nymph at collection; molted
< on 4th day; molted on 6th day; molted
[ on 10th day to adult.

7

X
X

X
X
X
X
X
X
X
X
X
X

[Collected as very yoimg nymph, possibly
< molted once; molted on 4th day; molted
\ on 7th day; molted on 10th day. .

8

X

Total... 57 49 s 1,856
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SUMMARIES.

Average daily consumption per nymph 33. 16

Average daily consumption per adult 28. 88

Average daily consumption per bug for all individuals 32. 56

Duration of second nymphal instax 3. 22

Diu-ation of third njTuphal instar 2. 66

Duration of fourth nymphal instar 4. 36

Table IX.

—

Consumption of red spiders by each instar of Triphlepsinsidiosus,

Batesburg, S. C.

Individual
No.

Consump-
tion for

2d instar.

Consump-
tion for

3d instar.

Consump-
tion for

4th instar.

1

2
3

4

5
6

7

Average..

Mites. Mites. Mites.
120
129
153
136
135
213
136

113
98
125

65
96

80.5 112 146

Tlie occTirrence of T. insidiosus on mite-infested leaves is recorded

from Emporia, Va. ; Raleigh., Chariotte, Greensboro, Wilmington,

and Buies, N. C. ; Leesville, Spartanburg, Clemson College, Bates-

burg, and other points in South Carolina ; Macon and Savannah, Ga.

;

Tallahassee, Fla.; Girard, Ala.; and Meridian, Miss.

Lygaeidae.

Geocoris punctipes Say.—This hemipteron has not previously been

considered in, literature as a mite predator, Heidemann states that

little is known about its life history. Observations at Batesburg

are confined to the season of 1914, G. punctipes having been detected

during August of that year. Eggs, seen in the midst of red-spider

colonies on cotton leaves, were collected for rearing, and immedi-

ately upon hatching certain of the nymphs were placed in isolated

cells with red spiders and their eggs. It was found that the newly
hatched nymphs readily devoured the red spiders as well as some of

the eggs. The egg of G. punctipes'ii^ cylindrical and elliptical in shape,

fluted, of a pale amber color, and is deposited in the center of the mite

colonies. Table X presents the data we have secured on the life

history.
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Table X.

—

Life history of Geocoris punctipes, Batesburg, S. C.

Indi-
vidual
No.

Collected. Hatched. First molt.
Second
molt.

Third
molt.

Fourth
molt.

.1

a-.

>>

•V

.9

03

.5

03

a
o
<a

03

Jh^
—

>>

g
In'"

1 Aug. 8
do .

Aug. 14

Aug. 11

Aug. 13
Aug. 14

do

6

3
3
4

4

3
3
2
5

2 Aug. 16

Aug. 22
Aug. 21
Aug. 25

Lost 5
9

5

33
4

Aug. 10
do

Sept 2 Sept. 9 8 7 30

5 do ..do
g do Aug. 13

.. do
do

7 do do
8 Aug. 26

do
Aug. 28
Aug. 31

do
9 do

Averages 3.66 7 4 8 7 ?n

1 Since the date of deposition of the eggs was not known, our records for incubation are all a trifle short.

It will be seen that the average time required for incubation is

about 4 days, that the first nymphal instar requires from 5 to 9 days,

the second instar from 3 to 5 days, the tMrd instar 8 days, the

fourth instar 7 days, and that the period from deposition to adult

is doubtless about 30 days. Table XI presents our data relative

to the capacity of this hemipteron as a red-spider enemy.

Table XI.

—

Record of red spiders devoured by reared nymphs of Geocoris punctipes,
Batesburg, S. C.

Red spiders consumed by-

Day.

Red spiders consumed by-

Day.
Nymph Nymph Nymph

Total.
Nymph Nymph Nymph

No. 3.
Total

1st 130
13
23
30
35
22
21
31
42
38
54
69

8
5

13
20
23
43
34
12
38
52
43
31
67
84
63
65
78

7

23
20
29
8

33
40
50
52
21
37
69
56
60

18th 95
80
70
98

114
106
50
103
111
2 83

2d 19th
3d 20th -

4th 21st

5th 22d
6th 23d
7th 24th
8th 25th
9th 26th
10th 27th

Total red
spiders

Total days...
Average per
day (red
spiders)

12th
398
12

33.2

1,589
27

58.8

505
14

36.1

13th 2,492
5314th

15th
16th
17th 47.0

1 These 33 were eggs, the diet being changed on the following day to mites.
2 Nymph became adult on the twenty-seventh day.

From Table XI it is seen that 3 mdividuals with a total of 53

feeding days ate 2,492 red spiders, or an average of 47 per nymph.
The first instar consumed, on an average, 141 adult red spiders; 161

were drained by the second instar, 602 by the third, and 665 mites

were eaten by the fourth instar. The adults exhibited an average



THE RED SPIDER ON COTTON. 43

consumption of 83 niites per day. Although a number of eggs were

eaten, Geocoris did not seem to take readily to a diet of mite eggs.

In the course of the experiments with this red-spider enemy it

developed that a certain percentage of its eggs are parasitized. A
scehonid, Telenomus sp., was reared from eggs collected in the field

and required a developmental period of 11 days.

Capsidae.

BJiinacloa forticornis Renter. A nymph of this bug about two-

thirds grown was observed in red-spider colonies in a cotton field,

actively feeding on mites.' It was transferred to a rearing cell and

kept under close observation. The bug showed 'a strong likmg for

red spiders and developed to adult in the cell. Table XII contams

the record of this individual.

Table XIl.—Consumption of red spiders by Rhinadoa forticornis, Bateshurg, S. C.

[Nymph collected Oct. 2, 1914.]

First day (molted Oct. 3) 60

Second day 72

Tidrd day 71

Fourth day 65

Fifth day 61

Sixth day 67

Seventh day (molted Oct. 9) 46

First adult day 39

Total 481

Total feeding days 8

Average per day 60.

1

Total consumption by last instar 382

In eight feeding days this capsid bug ate 481 red spiders, or an

average of 60 mites per day. Two molts occurred during the obser-

vations, the final nymphal instar lasting six days and requiring, before

completion, the additional consumption of 382 adult mites.

Reduviidae.

A species of reduviid bug was seen commonly on infested leaves

during August and September at Bateshurg. Both the eggs and

nymphs were abundant at times in and about red-spider colonies on

tomato leaves. An egg collected August 10, 1914, hatched August

12 and the nascent nymph was immediately placed into a breeding

cell with red spiders. Seven mites were eaten the first day, 14 the

second, 7 the thiixl, 6 the fourth, 17 the fifth, 22 the sixth, and 18

the seventh. A total of 88 red spiders were destroyed in seven days,

making an average of 12.6 p<!r day.
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NEUROPTERA.

Chrysopidae.

Four species of lacewing flies have been collected during the in-'

vestigation at Batesburg. Lacewing flies are frequently seen on

cotton leaves associated with common red spiders. Only.one species,

Glirysopa rujilabris Banks, is very abundant in South Carolina.

Gfcryso-pa rujilabris Banks.—This species appears in late spring or

early summer, the earliest record being May 6, 1914, on which date

eggs and larvae were seen. Together with the thrips, this chrysopid

appears to be the earhest red-spider enemy. When an early season

prevails, this predator becomes abundant about the middle of June,

but, as a rule, this does not take place until July. It is not as hardy as

are some of the more coriaceous enemies of the red spider, and seeks

winter quarters comparatively early in the season. In fact, the

species reaches its optimum development during August, and is rarely

seen in any stage later than September 25. This red-spider enemy
is recorded from Emporia, Va.; Wilmington, Greensboro, Charlotte,

Buies, and Laurinburg, N. C; Spartanburg, St. Matthews, Lees-

ville, Batesburg, and numerous points in South Carolina; Savannah,

Ga. ; Tallahassee, Fla. ; Girard, Ala. ; and Dallas, Tex. .

At certain times during the season CJirysojm rujilabris has been

seen to exert marked control of the red spider, and its value as an

enemy of the cotton red spider can hardly be overestimated. Dur-

ing June, 1914, from the 10th to the 22d, lacewing-fly larvae were

abundant, crawling in myriads on tree trunks, the ground, the

ceilings of porches, and similar positions. At these times man
experiences much annoyance from the mandibles of larvae which

drop from piazza ceilings.

Tables XIII, XIV, and XV present data on the life history of

Ohrysopa rujilabris.

Table XIII.

—

Egg period of Chrysopa rujilabris, Batesburg, S. C.

Indi-
vidual
No.

Egg col-

leeted.
Hatched.i

Incuba>
tlon

period.

1

2
3
4
5

6

June 8
July 15
Jul> 15

Aug. 3

Aug. 3
Aug. 9

June 11

July 18
July IS
Aug. 8

Aug. 8

Aug. 13

Days.
3

3
.3

5
5
4

Avera ?e 4

3 These 6 rearings are the longest of a large series and probably represent about the normal period for this

stage.
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Table XIV.

—

Larval period of Chrysopa rufilahris. {Individual No. 1.)

Hatched, Aug. 3

Pupated . Aug. 22.

Length of h\rval period 18 days.

No. 4 of Table XVI was the only larva which was reared through

from egg to pupa, and, as will be seen, the entire mite consumption

for the individual was also secured. The larval period is 18 days,

which is a trifle shorter than Davidson secured from his data based

on 2 individuals. No attempt was made to determine the duration

of the larval instars, but incidentally the length of the first instar was
estabhshed as about 4 days. Table XV presents statistics on the

pupal stage of CTirysojM rufi-labris.

Table XV.

—

Records of the pupal period of Chrysopa rufilahris, Batesburg, S. C.

Indi-
vidual
No.

Pupated. Issued.
Pupal
period.

Average
pupal
period.

Indi-
vidual
No.

Pupated. Issued.
Pupal
period.

Average
pupal
period.

1

2
3
4

5
6
7

June 9
...do
July 8
July 10
July 22
July 23
July 24

June 17
-..do
July 15
July 17
Aug. 2
Aug. 1

...do

Days.
8
8
7

7

11
9
8

Days.

8.6

8
9
10
11

12
13
14

July 26
Aug. 3
Aug. 14
Aug. 18
Aug. 25
Sept. 3
Sept. 9

Aug. 4

Aug. 15
Aug. 21
Aug. 25
Sept. 2
Sept. 16

Days.
9
12
7

7

8
13

7

Days.

8.6

From these 14 pupal records it is seen that the duration of the

transformation period at Batesburg varies from 7 to 13 days, with

8.6 days as the weighted average. Thus, exclusive of a possible

preoviposition interval, we find that the cycle of the chrysopid from

the deposition of the egg to the issuance of the adult is about 30 days,

approximating 4 days for the egg stage, 18 days for the larva, and 8.6

days for the pupal stage. In the Southeast there are probably four

generations of lacewing flies in a season.

Table XVI.—Rate ofdestruction of red spiders by the larva of Chrysopa rufilahris.

Larva
No.

Hatched.

Red spiders consumed.

1st

day.
2d
day.

3d
day.

4th
day.

Sth
day.

6th
day.

7th
day.

Sth
day.

9th
day.

10th
day.

11th,
day.

12th
day.

1

•

1914.

July 17 18
31
26
9

24
19
21

%
16
28
37
29
27

2 July 18 33
43
14

35
35
20

34
30
29

(>)

39
18

48
51
30

23
40
37

"'84'

26

n
3 do

484 Aug. 3 41 39 59 63
5 Aug. 8
6 July 15 39

33
17
26

39
21

(2)

157 Julvie. "'47' (2)

62
56

8 July 19< 58
59

66
9 (U>.^ 69
10 Aug. 22 ''

11 Aug. 18» i

12 Aug. 14' .

13 Aug. 20''
1

1 Deafl.
» Lfwt.
'Entangled.
< Collected a.s half-grown larva.

'' Collected as two-thirds-grown larva.
Collcoted as mature larva

' (.'oUected as largo larva.
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Table XVI.

—

Rate of destruction of red spiders by the larva of Chrysopa rufilabris—Con.

Hatched.

Red spiders consumed.

Pupated.

Length
of

larval
period.

Feed-
ing
days.

Larva
No. 13th

day.
14th
day..

15th
day.

16th
day.

17th
day.

18th
day.

Total
for

larval
period.

Total
feeding
days.

1

1914.

July 17. . .

.

1

6
7

18
3

7

8

10
9
6

2

4

5

2 July 18....
i

"
"

3 do
4 Aug.3....

Aug. 8
77 99 110 224 119 198 1,250 Aug. 22... 18

6 July 15
7 July 16. . .

.

[
86

8 Julvigi..
do.i...

75
58
80

101
117
106

113
147
130

199
220
156

122
116
170
127
129
130

203
207
211
188
193
208

July 30. . .

.

9 Aug. 29. ..

10 Aug. 222..
Aug. 18 3..

. ..do
11 Aug. 21
12 Aug. 14 4.. 145

129
189
219

Aug. 19. ..

13 Aug. 20 2.. 98 Aug. 26. ..

1 Collected as half-grown larva.
- Collected as two-thirds growTi larva.

3 Collected as mature larva.
4 Collected as large larva.

In summarizing Table XVI it is found that 6,956 adult red

spiders were consumed by 13 Chrysopa larvae in 86 feeding days, or

an average daily consumption of about 81. The one larva for which

complete data are recorded consumed altogether 1,250 mites. The
largest daily feeding was 224 mites. As the larva grows the appetite

increases remarkably so that an individual which ate only 20 mites

per day following hatching will consume ten times that number just

prior to pupation. Larvae numbers 8, 9, 10, 11, 12, and 13 were

collected in the field in various stages of maturity, so that only the

feeding of the final days can be shown. It is probable that the

figures consistently represent the normal activity of this species

as a red-spider eradicator. The appetite for mite eggs was not

determined, but we have often seen larvae in the act of devouring

them. Probably numerous eggs were eaten along with the mites in

aU the foregoing records. Three minutes appears to be the average

time required by larvae in devouring a mite.

We have followed the process of the fabrication of the cocoon of

Chrysopa rufilabris from beginning to end. Working in a looped

attitude, the successive layers of silk are secreted from the tip of the

abdomen, which is moved shuttle-hke from side to side. Contrary

to long-accepted belief, it has been established that the circular lid,

which permits the exit of the adult fly, is prepared by the larva as

the last act before entering the resting stage.

During the four seasons of our investigations at Batesburg it has

been determined that a considerable percentage of mortality to

chrysopids arises through parasitism. The results of a series of

studies on lacewing-fly parasites has been published. (McGregor,

1914.) In a series of 99 cocoons collected in the field, 48 yielded
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parasites, thus indicating a parasitism of 48.4 per cent. Of a series

of 93 chrysopid eggs, 7 were parasitized, which represents an egg

parasitism of 7.5 per cent. The total parasitism, from species

issuing from the egg and from species issuing from the cocoon, is

computed at about 55.9 per cent. Tliese parasites, as identified by
J. C. Crawford, are as follows. Reared from cocoon : ChrysopopJiagus

compressicornis Ashm., Perilampus chrysopae Crawford, Geniocerus

chrysopae Crawford, Isodromus iceryae Plow., Orthizema atriceps Ashm.
and Heloris sp. Reared from egg: Telenomus chrysopae Ashm.

Fig. 12.—The golden-eyed lacewing fly (Chrysopa oculata): a, Eggs; 6, full-grown larva; c, foot of same;

d, larva devouring an insect; e, cocoon; /, adult insect; g, head of same; h, adult, natural size. All

enlarged except h. (Marlatt.)

Table XVII presents our data relative to the parasitism of chrysopid

eggs by Telenomus chrysopae.

Table XV'II.—Parasitism of chrysopid eggs by Telenomus chrysopae Batesburg, S. C.

Individ-
ual No.

Egg col-

lectefl.
Host.

Parasite
issued.

Interval
from col-

lection to
issuance.

1

2
3
4

5
6
7

July 10,1914
do

July 11,1914
July 15,1914

do
July 17,1914

do

Cotton—
ClematLs.

.

Cotton

July 13, 1914
July 19,1914

do

Days,
i
9

8

8

5

9

Kim
Cotton
...do
Clematis .

.

July 2;i, 1914

July 20, 1914

July 24, 1914
July 20, 1914
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Dttring 1914 chrysopids were particularly abundant. They were
in fact the most common predatory species. The ''stalked" eggs

were everywhere in evidence and the adults, which are nocturnal,

rose in swarms from under the fohage as one brushed through the

cotton rows.

Ohrysopa quadripunctata Burm.—This species is also fairly com-
mon in the Southeast. It is most noticeable during July and August,
and its larva doubtless contributes to the predatory work of Ohrysopa

rufildbris.

CJirysopa oculata Say.—^Adults of tliis lacewing fly (fig. 12) have
been reared from larvae actively feeding on red spiders. It is not
particularly common in South Carohna, however, and as a red
spider enemy probably is not of primary importance.

GJirysopa nigricornis Burm.—This species has been reared on a few
occasions from larvae col-

lected on cotton infested

withred spiders. Its status

is probably about the same
as that of C oculata.

DIPTERA.

Itonididae.

Fig. Vi.—Art'hrocnodaT Carolina, a predacious enemy of the red

spider. At left, mature predacious lar\'a, magnified 60 times;

at right, adult female, greatly enlarged. (McGregor.)

ArtJirocnodax Carolina

Felt.—This midge (fig. 13,

at right) was recognized,

early in the investigation,

as one of the most impor-

tant enemies of the red spi-

der, at times ranking first.

Its attack is almost en-

tirely confined to the eggs of the red spider, but an occasional mite is

destroyed. The earhest seasonal record of occurrence is April 30, 1914.

It is first seen usually about the early part of May and becomes abun-

dant during the middle of May. Tliis species does not usually reach its

highest development until August, although a large amount of con-

trol work is evident during July. Arthrocnodax is always to be seen

during September, sometimes commonly in large mite colonies, but

becomes rare in October, during wliich month usually only pupae

can be seen. Tliis important predator has been collected in mite

colonies at Chase City and Emporia, Va. ; Charlotte, Wilmington,

Laurinburg, and Buies, N. C; Allendale, Anderson, Batesburg,

Brownsville, John's Island, Leesville, St. Matthews, and other

points in South Carohna; Macon and Savannah, Ga. ; Orlando, Fla.

;

Girard, Albertville, and Boaz, Ala. ; and Tallulah and Mound, La.
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Several larv?e of tliis midge of various sizes were collected in the

field and reared to adult on mite eggs and mites. Table XVIII pre-

sents the data which bear on the larval period.

Table XVIII.

—

Duration of the larval stage of Arthrocnodax Carolina, Bateshurg, S. C.

Indlvidtial No.
Larva col-

lected.
Condition at collection. Pupated.

Interval
from col-

lection to
pupation.

Sept. 28, 1914
Oct. 7, 1914

do
Oct. 8, 1914

do
Oct. 10,1914
Oct. 11,1914
Oct. 13,1914
Oct. 21,1914
Oct. 26,1914

do
Oct. 27,1914

One-half grown
Small

do
NascentC?)
Very smaU
Large

do
T wo-thirds gro-wm

.

Nascent (?)
Small
Rather large
Nascent (?)

Oct. 1..

Oct. 9.

.

do..
Oct. 13.

Oct. 11.

do..
Oct. 12.

Oct. 14.

Oct. 26.

Oct. 29.

Oct. 28.

Nov. 1

.

Days.

Probable larval period, 5 days.

From the foregoing records it may be seen that very small indi-

viduals completed their larval development in from three to five days.

Since several of these gave every evidence of bemg newly born at

the time of collection and had no appearance of having fed, it is evi-

dent that some of our records represent the entire larval period.

The larva (fig. 13, at left) is a small, glistening, amber-yellow grub

with a pointed, protractile head which bears a pair of retractile,

snail-like tentacles. A series of larvae measured: Length, 1.5 mm.;
width, 0.33 nrni.

Table XIX includes the completed records on the duration of the

pupal stage which are available.

Table XIX.

—

Duration of the pupal period of Arthrocnodax Carolina, Bateshurg, S. C.

Indi-
vidual
No.

Larva
pupated.

Adult
issued.

Pupal
period.

1 Oct. 8.

2 Oct. 10.

3 Oct. 11.

4 do
.5 Oct. 12.

do

Oct. 15.

Oct. 18.

Oct. 19.

Oct. 20.

Oct. 21.

Oct. 20.

Days.
7

8

8
9

9

8

Average pupal period, 8.2 days.

The data contained in Table XTX obtained from October rearings

indicate that the pupal period of this predator under summer condi-

tions does not exceed eight days, and at times may be a trifle less.



The cocoon (fig. 14) is elliptical, whitish (except in the case of the winter-

ing pupse) , 1 mm. in length by 0.55 mm. wide, and is spun on the under-

side of the leaf in the protecting angles of the midveins, etc. (fig. 14).

In selecting a site for the cocoon the larva incloses within the pre-

liminary fibrils two or three mite eggs, presumably for nourishment

while spinning the cocoon. A larva was seen to attach a fibril deftly

to the dorsal bristles of an adult female that happened to wander in

among the guy-fibrils of the cocoon. "Staked out" in this manner

_ the female remained

tethered long enough
to deposit two eggs

in the precise position

suitable to the con-

venience of the spin-

ning larva. No effort

I
.:;;;;-'.'^ is made, apparently,

j to conceal the sum-

{
mer cocoons, but the

|. overwintering co-

£^^ coons are designed

i with the idea of con-

cealment. Specimens

of the latter type are

very inconspicuous,

owing to the fact that

they assume almost

the exact color shade

of the surface upon
which they are con-

structed.

Assuming the incu-
FiG. 14.—Cocoon of jlrZftrocnodar caroZzna on underside of violet leaf. . . ,

(Drawn by camera lucida.) (Original.) batlOU period tO be

about 3 days (as is the

case with certain similar forms), with 5 days for the larval stage and
8 days for the pupa, the entire cycle from deposition to the issuance

of the adult midge wiU be approximately 16 days. We are inclined

to beheve that under optimum conditions the cycle may be com-
pleted in somewhat less time than this. Table XX presents the

records of predation which we have secured.



Table XX.

—

Consumption ofred-spider eggs ' by Arthrocnodax Carolina, Bateshurg, S. C

Collected. Feeding. ft

a .

s &
p 0)

a

o

a

«&

1

i
ft

< t-,

flft
o

Larva
No.

Date. Condition.

O c3

ll

o a
O M

taoft^^

m r^ <^

1 Aug. 29, 1914

Sept. 7,1914
do

Half grown . .

.

Small
21
136
35
53
42
58
67

53

29
19
38
30

25 75
155
73
95
42
58
67

113
94
283

3

2
2
3

1

1

1

3
2

5

Sept. 1

Sept. 9
...do....
Sept. 11

...do
Sept. 12
Sept. 14

Sept. 29
Sept. 28
Nov. 1

25
77.5

3 do 36.5

4 Sept. ..8, 1914
Sept. 10, 1914

Sept. 11,1914
Sept. 13, 1914

Sept. 26,1914
do

Oct. 27,1914

Very minute..
Lar.ge

do
Two - thirds
grown.

Small

12 31.7

5 42

6 58
7 67

8 38
43
30

22 37.7
9 . Rather large..

Nascent (?)...

Total

51
81

47
10 43 40 89 56.6

1,055 23 45.9
i

I In addition to eggs, some immature mites were also eaten and they are included in the daily con-
sumption figures.

In the foregoing tests 10 larvae ate 1,055 eggs in 23 feeding days,

which yields an average daily consumption of 45.9 eggs per day. The
largest number of eggs eaten in one day was 136. The fact that

this species often multiplies with great rapidity is explained in part

by the very short life cycle. Considering that each larva averages

46 mite eggs per day, and that as high as 52 midges have been

seen on a leaf, the remarkable control exerted by this midge may be

comprehended.

This predacious species is seldom observed on cotton until infesta-

tion has assumed threatening proportions, and many mites in all

stages and innumerable eggs are present. As Quayle (1913) has

remarked, this species more often operates in colonies which are

covered with webbing, but whether this is instinctive or merely

incidental would be difficult to determine. The larvae are surpris-

ingly agile. Coming in contact with a mite egg, the head end is

instantly thrust against the shell, through which the piercing device

is forced and the feeding begins. Large larvae devour an egg in from

1 to 2 minutes, while the smaller larvae require more time according

to their size.

Arthrocnodax Carolina is parasitized by the minute chalcidid fly

Aphanogrnus Jloridanus Ashm.
Mycodiplosis inacgregori Felt.—During the season 1914 we have also

detected a second itonidid species which is predacious upon the red

spider. The larva of My(;odiplosis can not be distinguished in the

field from that of Arthrocnodax, and the habits and life histories are

doubtless much the same. This species is seemingly somewhat later

than Arthro(;nodax, being occasionally found at Batesburg as late as

early December. No special experiments have been undertaken to
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determine the egg-eating capacity of Mycodiplosis, but from a few
field observations we are convinced that its appetite is about the same
as that of Arthrocnodax Carolina.

Syrphidae.

Quayle (1913) states that there are two or three species of syrphus-

fly larvae that eat red spiders. Ewing (1914) also records that he

has seen them feeding on the mites in hop fields. However, we find

no records of any of these having been reared or specifically identified.

At Batesburg syrphus flies are found in all stages in cotton fields

from the last of May until the 1st of September, and are most

abundant during July and August. They are incidental enemies of

the red spider, and are more intent upon the capture of aphids and
insects more conspicuous than mites. However, they are often seen

crawling through red-spider colonies, and upon a few occasions

have actually been seen to devour adult mites,

Baccha clavata Fab.—This dark-colored, waspHke syrphid was
apparently the commonest species. The larvae and the large, flesh-

oolored puparia could always be fouQd through the midsummer on

cotton infested with aphids and mites. A larva was seen to grasp

and devour a female red spider in an interval of 2 or 3 seconds.

Table XXI gives statistics on red-spider consumption gathered from

tests with larvae of Baccha clavata collected in the field in various

stages of development.

Table XXI.

—

Red-spider consumption by larvx of Baccha clavata, Batesburg, S. C.

Individual
No.

Consumption of mites, i

1st
day.

2d
day.

3d
day.

4th
day.

5th
day.

6th
day.

7th
day.

1

8th 9th
day. day.

10th
day.

Feed-
ing
days.

Total
mites
eaten.

1 19
70
60
20
13

1

2
10
1

3

19
126
253
20
32

2 2 56
333 47 2 26 13 21 27 1 20 4

4
5 10 9

Total .

.

I 1 '

1

!
17 450

1 1 1
!

1 Fed with adult mites but many mite eggs were also eaten. 2 Pupated.

It will be seen that 5 larvae of BaccJia clavata in 17 feeding days

consumed 450 adult red spiders, which gives an average of 26.5

mites per day.

ATlogra])ta obliqua Say.—This medium-sized syrphus-fly, with

abdomen alternately banded with sulphur yellow and chocolate

brown, probably ranks second in abundance among these flies. Its

larvae are seen commonly in fields during August.
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Sphaerophoria cylindrica Say.—^Although a trifle smaller, this syr-

phid (fig. 15) resembles the preceding species superficially. The sm.all,

parchment-like puparia are frequently observed on leaves support-

ing active or exterminated aphid and mite colonies. They become
very common toward the end of August on tomato vines infested by
mites, upon which they exert marked control.

Toxomerus duplicatus Wied.—This very small, yellowish species

was occasionally taken on infested cotton leaves toward late summer.
Its small size would indicate, possibly, that it is better qualified as

an enemy of the red spider than the larger species. Its occurrence,

however, is rather limited.

'Fig. 15.

—

Sphaerophoria cylindrica, an enemy of the red spider: a. Female fly; 6, dorsal view of abdomen
of male; c, hypopygium of male, lateral view. Much enlarged. (Webster and Phillips.)

Like most of the other red-spider predators, the syrphids in turn

have their enemies. In fact, they are usually well supplied with

parasites, 7 species having been reared during the last few seasons.

"We are not in a position to furnish specific data connecting these

parasiUis with their r(ispective hosts, but will merely list them col-

lectively as enemies of the four syrphid species. They are: Cliry-

sopopJuigus compressicomis Ashm., Pachyneuron allograptae Ashm.,

Pachyneuron sp., Syrphopliar/us raesof/raptae Ashm., Tetrasticlius sp.,

JJlplazon laetatorius Fab,, and a species belonging to the tribe Mirini.
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COLEOPTERA.

COCCINELLIDAE.

In 1893 Morgan recorded the predatory work of Pentilia sp.,

which was very effective against mites at Baton Rouge, La. Titus

states that several lady-beetles were observed by him in 1905 feeding

on the red spider. In 1906, at Washington, D. C, Chittenden (1909)

fomid (Scymnus) Stethorus punctum an active enemy of the red spider

on Gymnocladus. Stethorus punctum was also recorded in 1909 by
Weldon as one of the principal red-spider enemies in Colorado.

Worsham (1910) states that Stethorus punctum was the only preda-

cious species observed in Georgia in the case of the cotton red spider.

In the Sacramento Valley of California, Parker (1913) found Stethorus

nanuSy S . marginicollis , and Pentilia sp. present in small numbers

Fig. 16.

—

Stethorus punctum, an enemy of the red spider: a, Egg; 6, larva; c, pupa; d, adult. All

greatly enlarged, a, b, c, redrawn after Weldon; d, Webster.

in mite colonies. Ewing (1914) found the larvae of Stethorus punc-

tum in the Willamette Valley, Oregon, where he says they were vora-

cious red-spider enemies. These coccineUids have been known as

red-spider enemies for some time, and occur over a large part of the

United States.

Stethorus punctum Le Conte (fig. 16).—This is probably the most
effectual coccinellid enemy of the red spider. We have seen it so

extremely abundant on infested jack beans and jump-vine leaves

that the red spider was quickly exterminated. On these host plants

as many as a dozen larvae and a dozen pupae have been seen on a

single leaf. This is the same species as that observed by J. C. Duffey

(1891) to exterminate vast colonies of the red spider on Manihot,
Ficus, Morus, Tilia, and Ipomoea at St. Louis in 1891. Such striking
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demonstrations of the economic value of the species have been seen

in the field that it holds a position of greatest importance as an

enemy of the red spider. Duffey records chrysopid larvse as pre-

dacious on the pupse of this form, and we also have observed lace-

wing-fly larvae devouring the immature stages.

Stethorus utiUs Horn.—This little brownish species has been ob-

served in red-spider colonies on cotton. It is second m importance

only to the preceding ladybird, and is most in evidence during July

and August. An individual of this species (in the third instar) was

observed to eat 3 mite eggs in 7, 7f , and 8 seconds. This is the

fastest rate of egg destruction noted for any predator. Another

individual (in the fourth instar) sucked 4 mite eggs in 28, 72, 46, and

77 seconds. Two larvae were isolated and kept supplied with red

spider eggs. One escaped, but the other was reared through to

adult. Table XXII gives the life-history record of this individual.

Table XXII.

—

Life cycle of Stethorus utilis, Batesburg, S. C. (Individual No. 1.)

Eggs collected July 25

Eggs hatched July 29

First molt Aug. 1, 9 a. m.

Second molt Aug. 2, 11.39 a. m.

Third molt Aug. 4, 3 p. m.

Pupated Aug. 9, 9 a. m.

Adult issued Aug. 13, 9 a. m.

Length of incubation 4 days (?)

Length of first instar 3 days

Length of second instar 1^ days

Length of third instar 2-|- days

Length of fotuth instar 4| days

Pupal period 4 days

Deposition to adult 19 days (?)

Since the conditions surrounding this individual were as nearly

normal as possible, it is probable that the foregoing record represents

fairly the hfe cycle of the species.

Table XXIII contains statistics covering the entire feeding

capacity of one individual of this species from hatching until adult.

Table XXIII.

—

Consumption of red-spider eggs by Stethorus utilis.

Hatched July 29.

Eggs eaten

:

First day 10

Second day 14

Third day 7'

Fourth day 32

Fifth day 38

Sixth day 17

Seventh day 38

Eighth day 73

Ninth day 40

Eggs eaten—Continued.

Tenth day 1 116

Total 385

Feeding days 10

Average daily consumption

Eggs eaten

:

During first instar

During second instar

During third instar

38.5

31

32

Durin'j: fourth instar 2G7

' Was found piipato'l on (ilevonth day.

It will bo seen that the above; indivichial in 10 feeding days ato 385

rod-spider eggs, or 38.5 eggs per day. Altliough this coccinc^llid has

frequently been seen eating mites in outdoor locations, tlie cxperi-

irnailiil indivlduid was confined to un cx(Iusiv(! o<r<f: di(^t, in ord(ir to
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ascertain if the species would develop to maturity on eggs alone.

Quayle (1913) has stated that ;S'. picipes larvae ate about 7 mites per

day during April in Cahfornia, but that rate of feeding would doubt-

less become accelerated under such temperature conditions as ob-

tained during the tests at Batesburg.

Stethorus nanus Le Conte,—This small black species has been

identified from individuals collected while actively feeding in red-

spider colonies. Tests have not been conducted with this coccinellid.

Scymnus coUaris Melsheimer.—^This species has been taken on

several occasions from the midst of red-spider colonies in which they

were feeding, but no data relative to its mite-feeding capacity have

been secured.

Microweisea misella Le Conte.—This minute member of the lady-

beetle group was collected from June to October on elderberry,

phlox, and tomato, all of which were infested with the red spider.

Only individuals in the adult stage were seen, but these were very

Fig. 17.—The spotted lady-beetle {Megilla maculata), an enemy of the red spider: a, Larva; 6, empty pupa
skin; c, adult. Much enlarged. (Chittenden.)

active within the mite colonies. Owing to the minute size of this

species, it is probable that its control capacity is rather limited.

Megilla maculata De Geer.—^A few eggs of this coccinelhd (fig 17)

were collected September 10, 1914, and hatched under control. One
individual was reared to adult on a diet of adult mites and was iden-

tified as this species. Table XXIV contains our data relative to the

hfe history of this lady-beetle.

Table XXIV.

—

Life cycle of Megilla maculata, Batesburg, S. C.

Eggs collected 1914 Sept. 10

Eggs hatched Sept. 11

First molt Sept. 18

Second molt Sept. 21

Third molt Sept. 25

Foiirth molt Oct. 5

Egg period 1 + day-

Length of first instar 7

Length of second instar 3

Length of third instar. 4

Length of fourth instar 10

Pupal period 6

Hatched to adult 30

days

days

days

days

days
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There is a larval period of 24 days, requiring 4 instars of 7, 3, 4,

and 10 days, respectively, and a pupal period of 6 days, altogether

embracing an interval of 30 days from hatching to the issuance of the

adult.

Table XXV.

—

Feeding capacity of Megilla maculata for red-spider adults, Batesburg,

S. C. (Eggs hatched Sept. 11, 1914.)

1st dav
Mites.

7

2d day
3d day 9

4th dav 17

22
6th day 25

31
8th day 4S
9th day 63
10th dav (molted) 75

MHes.
11th day 80
12th day 100
13th day 96
1-lth day (molted) 76
15th day 83
16th day 97
17thday Ill
ISthday 135
IQthdav 156

Mites.
20th day 218
21st day 206
22dday 224
23d day 12.5

24th day (pupated).

T otal consumption ... 2, 01

1

Average daily con-
sumption 87.

4

From Table XXV it may be seen that 1 individual in 23 feeding

days ate 2,011 adult mites, thus averaging 87.4 mites per day^ There

are probably 3 or 4 generations of this coccinellid in a season in the

Southeast.

Fig. 18.—The convergent lady-beetle {Hippodnmia cnnvergens), an enemy of the red spider: a, Adult; h,

pupa; c, larva. Much enlarged. (Chittenden.)

Hippodamia convergens Guerin.—This species (fig. 18) is perhaps

the commonest of the ladj^birds in the Southeast. We have seen it

on a few occasions busily engaged in consuming the members of mite
colonies. We have conducted no special tests with this beetle, either

for life history or control efficiency, since we do not consider that it

normally spends much of its time in the quest of red spiders. A new-
bom larva of this species on one occasion ate 27 adult mites in 24 hours.

As compared with Miss Palmer's (1914) life-history records for this

species, we obtained 3 days in 2 cases for the egg period and 7 and
8 days in 2 cases for the pupal stage, as against 3 days and 4 or 5 days,

respectively, for her experiment.^. The fact that the summer adults

of the larger lady-beetles live from 2 to 4 months (as established by
Miss Palmer, 1914) makes each individual potentially of much greater

economic importance. Tliis species deposits about 400 eggs.

Oocdnella novemnotata Herbst.—Next to th(^ prcMunling species th(>
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9-spotted lady-beetle (fig. 19) is probably most abundant. Its sea-

sonal occurrence doubtless corresponds very closely with that of H.

convergens, although our

records of the latter have
usually been somewhat
earlier.

One adult individual from

infested cotton ate 31 adult

red spiders in 24 hours.

Occasional observations

have been recorded of this

T-iG. 19.-The niiie-spotted lady-beetle {Coccinella novemno-
COCCmellld lecdmg On red

tala), an enemy of the red spider: Larva at left, adult at spidcrS in the field. At
right. Much enlarged. (Chittenden.)

Batcsburg the OUe rCCOrd

for incuJ)ation was 3 days (in August) and for the pupal period the

solitary record occupied the last 10 days of August.

LEPIDOPTERA.

NOCTUIDAE

.

Alabama argiUacea Htibn.—When the cotton leafworm caterpil-

lars become abundant, usually in late September or early October,

they devour every vestige of the

cotton foliage, excepting the

stalks, branches, and petioles.

Consequetitly myriads of red

spiders which are harbored on the

leaves at the time of defoliation

are eaten along with the leaf tissue.

In this way the leafworm acts most
effectively as a remedial agency

against the mites. There is an addi-

tional consideration in this con-

nection, namely, that those mites

which are not actuahy devoured at

the time of the defoliation are com-
pelled to seek new hosts through

migration.
Fig. 20.—Knapsack sprayer suitable for spraying

low-growins plants. (Quaintance.)

APICAL SWARMING.

At times of continued drought and heat the lower and earher

infested leaves of many plants become dry and unattractive to the

red spiders, which travel upward or outward, seeking the apical

leaves, that normally remain green longer. If the plant is heavily

infested, a swarming horde of mites is often witnessed converging

toward and concentrating at the apices of the branchlets. Upon
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reaching the tip of the branch or leaf they fairly overrun one another

and become ensnared in the web spun by the later arrivals. In the

case of the perennial pea {Lathyrus latifolius) , the swarming con-

tmued until fully half of the area of the terminal leaflets was envel-

oped. A typical terminal leaflet was carefully exanuned and meas-

ured. The swarm was fomid to be built out to a thickness of 0.25

inch beyond the surface of the leaf, and all mites within the mass were

dead. One such swarm was found to contain about 15,000 mites.

Innumerable thousands of red spiders are eliminated in this manner.

,^
1B 1

[ "F-'m^^SJ^^

^^^^^^^^^inii^^111f--VJ^i^
•||^

Fig. 21.—Ideal outfit for spraying cotton fields: Barrel pump with douhle lead of hose mounted on
dismantled hayrake. (Original.)

REMEDIAL MEASURES.

PREVENTIVE.

TituS; in 1905, was the first investigator to advocate the appHca-

tion of cultural methods as a means of controlling the red spider. He
suggested the rotation of crops, elimination of all plant, weed, and

grass growth near fields during the winter and early spring, and fall

or ^vint€r plowing to turn under aU vegetation. Worsham (1910)

also strongly recommended the destruction of all winter food plants

in proximity to infested cotton fields.

W<; have already shown that red spiders readily establish them-

selve>^ on several of the native and dooryard plants. These hosts

serve as sources of dispersion. By destroying, during the winter and

early spring, pokeweed, Jerusalem oak, Jamestown weed, wUd black-

berry', wild geranium, and oth<'r plants which br<Hid the pest, much
good will be done. This plan has be(!n tested by the writer in sev-

eral instances and has given complet(^ immunity the following season.

Ewing nOH) states that this irh^a was tried in hop fields in Oregon,

with fh<'. result that the part of lh<i fn^ld that was W(^ll cleared of for-
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eign vegetation remained free of red spiders, while the neglected

portion developed serious infestation. Too much emphasis can not

be placed on the importance of riddmg all field borders, ditch banks,

terraces, etc., of all vegetation so far as possible. Pokeweed and
other persistent perennials should be grubbed out.

The destruction of weeds by spraying with sodium arsenite at the

rate of 1 pomid to 20 gallons of water is very effective.

Many cases of infestation in urban locahties can be traced back to

borders of cultivated violets growing in near-by house yards. (PI.

VII.) In several instances of past severe amiual hifestation violets

adjoining fields have been thoroughl}^ sprayed, with the result that

no red spiders appeared m these fields. The objection to this treat-

ment is the failure on the part of the average person to persevere

with the spraying until the mites have been entirely exterminated.

The most satisfactory procedure consists in the removal and destruc-

tion of the violets.

Early in the investigation it appeared possible that there might

be a variation in the degree of susceptibihty of cotton varieties to the

red spider, for in 1903 Watt and Mann stated that there was a marked
difference m the susceptibility of tea (Thea) varieties in India to

the Indian red spider, Tetranychus hioculatus Green.

During 1912, 1913, and 1914 many varieties of cotton have been

planted in exposed fields and records have been made of the per-

centage of infestation developing in each. Parallehng these experi-

ments data have also been gathered from many cases of infestation m
South CaroUna and North Carolma. In Table XXVII, which repre-

sents the relative degree of infestation of the varieties tested at

Batesburg, the position of each variety is obtamed by averagmg the

infestation percentage as exhibited by it during the several years; thus,

variety No. 1 was the heaviest infested and No. 37 was the lightest.

Table XXVI.

—

List of standard varieties of cotton, tested for susceptibility to red-spider

injury, Batesburg, S. C.

1. Lone Star.
j

20. Dixie.

2. Keenan.
I

21. ClevelaiKl.

3. Christopher.

4. Bank Account.
5. Rublee.
6. Money ]\Iaker.

7. Cook's Improved.
8. Simpkins.
9. Uncle Sam.

10. Broadwell.
11. Stone's.

12. Toole.

13. Covington-Toole.
14. Hawkins.
15. Mebane Triumph.
16. Lowe.
17. Culpepper.
18. Peterkin.
19. Excelsior.

22. World's Wonder.
23. Russell Big Boll.

24. Hite's Prolific.

25. Bostwick.
26. King.
27. Columbia L. S.

28. Poor Land.
29. Bates.

30. Rowden.
31. Truitt.

32. Trice.

33. Shine's Early.

34. Sea Island.

35. Wade's Triumph.
36. Dongola.
37. Summerour's Half and Half.
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We feel that we can say that among the cotton strains the old

Peterkin group is probabl};- most susceptible.

An experunent was conducted m testmg the value of thickly broad-

casting cotton at the boundary of a field as a trap crop for red spiders.

The cotton was sowed between the cotton field proper and a large,

heavily infested border of violets. The broadcasted cotton became

infested and was plowed in before there was danger of a second

migration to the crop proper. As a result the field remained free

from mites. Although we do not recommend the broadcasting

measures as an unportant method of prevention, still the success of

this experiment would indicate strongly that the cotton trap crop is

practicable as an auxiliary expedient to be used in controlling this

pest.

It has been surmised that wide spacing of the stalks, thus prevent-

ing the interlacing of branches, would prevent the spread of the red

spider through a field. Experiments at Batesburg have shown that

the red spider disperses through a cotton field commonly both by
means of the ground and the interlacmg branches. While this shows

the futihty of the wide spacing as a complete preventive, it seems

reasonable to suppose that the movement of the red spider wiU be

somewhat impeded; in fact, we can corroborate this supposition to

some extent in that infestation was observed to spread very slowly

in certain checked fields.

Since the movements of nearly aU insects, when crawlmg over the

ground, are retarded by pulverized soil, it appeared that by maintain-

ing a dust mulch in exposed cotton fields the progress of the migrating

mites would be checked. In the case of the ''check" cotton fields, it

was possible to maintain continually a thoroughly pulverized soil sur-

face. It was observed that the infestation in these fields progressed

very slowly and failed to become at all threatenmg. In fields culti-

vated in checks it is easy to see that leaf-to-leaf dispersion will be

greatly restricted and, at the same time, ground travel somewhat re-

tarded. Thus, by combining these two measures—spacing the plants

and maintaining a surface mulch—much good will doubtless result.

In the cultural experiments conducted, both the ordinary sweep

and the spring-tooth adjustable cultivator have been employed.

The latter implement creates a much better surface mulch than does

the old-type sweep.

Early planting permits the plants to develop a maximum growth

of foliage and fruit by the time mites appear in large numbers, which

is important, inasmuch as plants of considerable size are rarely kiUed

by the pest, nor are well-advanced bolls conunonly sIkhI from rod-

spider infestation. Early planted cotton ages and soon toughens,

making it untcmpting to the red spider at a time when later cotton

offers ideal feeding conditions. Late cotton is almost always objec-
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tionable to the farmer, since in ordinary seasons it results in a reduc-

tion of the yield, and because of the fact that it suffers heavily in the

event of the appearance in the late summer of the bollworm, or the

leafworm, or of the boll weevil in western sections.

We have made an effort to establish the rotational value of the

common crop plants, garden plants, and field plants, both by planting

them in or near infested fields and by making frequent examinations

of a great many of these plants which happened to be planted by others

in infested localities. Besides cotton, we have found red spiders

commonly upon the followmg field crops: Cowpeas, vetch, red and

white clover, alfalfa, corn, hops, beets, and watermelon. They also

have been found frequently upon the following garden crops: Pea,

bean, onion, tomato, pepper, Irish potato, sweet potato, lettuce,

okra, turnip, mustard, radish, cabbage, squash, beet, celery, straw-

berry, and several others. Our host list also included many of the

common bush fruits, tree fruits, and dooryard plants. Rather acute

cases have been seen on com, cowpeas, and sweet potatoes. The
only plants which have appeared largely immune are the grasses

and the small grains. Owing probably to the lack of shelter, which

the foliage of the grasses exhibits, the mites are unable to maintain

themselves under severe weather conditions. The planting of grains

on land normally heavily infested is therefore a measure which

should be considered by the farmer.

,

REPRESSIVE.

That it is possible to eradicate the pest from infested fields has

been demonstrated, but in many cases the task is so tedious that

only the most determined farmers will resort to the necessary meas-

ures.

The experiment has been tested frequently of pulling up and
destroying the first few plants which show infestation. In applying

this measure the farmer must maintain a constant surveillance of

suspected fields, so that the earliest affected stalks may be detected.

In such cases the operation will probably have to be repeated several

times, owing to the fact that certain plants are overlooked during the

first examination because the colonies on them are too yoimg to

have revealed their presence. Great care should be observed in

locating every plant which shows the characteristic red spots, and

these must be carefully taken from the field and burned. This

must be done before mfestation has reached the point where there

is danger of a secondary dissemination, and before there is liability

of the dropping of infested leaves.

If infestation has spread until a considerable area has become
involved, more drastic steps will have to be taken. It is sometimes

advisable, where a continuous area of infestation occurs in a large
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field, to plow up all the affected portion in order to save the balance

of the field. The stalks should be piled up quickly and burned

with the assistance of straw or light trash. Such a severe measure,

however, should be resorted to only in extreme cases, and the planter

concerned must be the judge of its advisability.

Since we have established by experimentation that red spiders are

unable to liberate themselves when buried 1 inch or more in soil,

the importance of plowing affected areas thoroughly is evident.

INSECTICrDES.

In the course of experiments with red-spider sprays 74 different

spray combinations have been tested.

Table XXVII.

—

List of red-spider sprays employed with favorable results, Batesburg,

S. C.

1. Potassium sulphid.

2. Kerosene emulsion.

3. Lime sulphur (home-made).

4. Lime sulphur (manufactured).

5. A miscible oil.

6. A water-soluble oil.

7. Resin wash.

8. Nicotine sulphate and miscible oil.

9. Nicotine sulphate and fish-oil soap.

10. Fish-oil soap solution.

In addition to these Successful sprays, special mention should be

made of potassium permanganate. In a 2 per cent solution this is

an excellent spray, but its cost is prohibitive, except in cases where

only a few plants are to be treated.

Sulphur Preparations.

Finely resublimed sulphur, both unadulterated and mixed with

dehydrated lime, was thoroughly tested on infested violets, dahlias,

roses, and cotton. It was applied with a dust gun during very warm
weather. Heavy infestation on prostrate violets was eradicated

by the sulphur dust; 60 per cent of the red spiders on dahlias were

killed; 25 per cent of those on roses were destroyed; and from 1 to

15 per cent mortality occurred on 4-foot cotton. Suspecting that

this variation in mortality came about through the agency of surface

radiation, th(; following test was made: A small area of ground sur-

face was thoroughly dusted with resublimed sulphur, and a heavily

infested potted violet plant was set into the center of this area, so

that no leaves touched the ground. The foliage, which had not

})een treated, was about 6 inches from the soil surface. Examina-

tion after 8 hours' (exposure im a vorj hot day showed that over

99 per cent of the mites had b(;en killed. When (elevated a distance

of 18 in(;he^s above the sulphured ground practically no mortality

occun'cd to infcsttnl violets. Tliis indicates that th(^ heat radiated

from th(! ground (acting on tlu; sulphur imm(uliately at hand) is the

chief factor whi(;h determines the mortality resulting from the use
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of sulphur dust. We can state that this treatment (except for such
verj^ prostrate plants as violets) is not at all effective in the Southeast.

Sulphur mixed with water was sprayed on infested cotton. Exam-
ination showed that the red spiders were in no way affected. When
soft soap was added to this same spray, however, the resulting mor-
taUty was from 50 to 99 per cent, depending on the thoroughness
with which the preparation was kept mixed.

Potassium sulphid has been tested at strengths of from 4 ounces to

3 gallons of water to 1 ounce to 4 gallons of water on cotton, sweet

peas, hollyhock, beans, and violet. The former concentration shghtly

damaged the fohage and a mixture of 1 ounce to 2 gallons of water
was found to be ideal. This spray commends itself from every view-

point—cheapness, simplicity of preparation, ability to kill quickly,

and safety to foliage.

Both homemade and commercial lime-sulphur sprays were carefully

tested on cotton, beans, and sweet peas. The mortality on cotton

and beans was practically complete, but the results on infested sweet

peas were invariably unsatisfactory. With the addition of neither

flour paste nor gelatin was this substance effective on sweet-pea fohage.

This is quite in agreement with Parker's results, and is explainable

through the fact that the pubescent surface of the sweet-pea leaf pre-

vents the even spreading of the insecticide. On cotton, beans, and

several other hosts lime-sulphur is a perfect red-spider spray.

Sodium sulphid was tried repeatedly on infested cotton and beans.

The greatest mortahty obtained against red spiders on beans, a host

AveU adapted to red-spider spraying, was 58 per cent, and the prepa-

ration was so strong as to damage the leaves somewhat. The addi-

tion of fish glue resulted in a mortahty of 95 per cent, but in this

case it is believed that much of the destruction was caused by the

mechanical action of the glue.

Nicotine Preparations.

Nicotine sulphate andfish-oil soap or miscihle oil.—Nicotine sulphate

used by itself is very unsatisfactory as a red-spider spray. This prep-

aration was tested at strengths of from 1 : 400 to 1 : 800 against red

spiders on cotton, beans, sweet peas, and violets. The best results

were secured on infested cotton, using the extract 1 : 640, a mortality

of 70 per cent being obtained. When combined with fish-oil soap

Cone-half ounce nicotine sulphate, one-fourth pound fish-oil soap, 2

gallons water) its effectiveness was perfect.

The mixture of nicotine sulphate (1 to 500) and a miscible oil

(1 to 40) also gave complete mortality. The addition of flour paste

had almost no noticeable effect in increasing the percentage of mor-

tahty. We believe, in the case of the excellent results obtained from

the use of combined nicotine sulphate and fish-oil soap, and of com-
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bined mcotine sulphate and a miscible oil, that the efficacy was
derived principally from the soap and the oil rather than from the

nicotine ingredient. The nicotine sulphate applied by itself dries on

the foliage in Uttle beads so that the mites in the interstices are not

affected.
Oils.

A commercial miscible oil preparation was tested against red spi-

ders on cotton. It was found that a strength of 1 to 20, and even

as weak as 1 to 30, sufficed to kill all red spiders, and no injury to

foliage resulted. The spray is easily prepared and spreads fairly

well over the infested leaves.

An oil that is easily miscible with water is more caustic than the

foregoing composition and should not be employed stronger than a

dilution of 1 to 32. This miscible oil induced complete mortality to

red spiders on cotton, beans, and sweet peas. When one considers

the almost mvariable failures that have attended the attempts to

destroy mites on sweet-pea foliage, an idea of the effectiveness of this

preparation may be gained. Its spreading qualities are excellent.

When not less than 2 gallons of kerosene were used to 12 gallons

of water in making kerosene emulsion the mortality of mites on cot-

ton and beans was complete. The spreading property of this spray

is excellent. The only possible arguments against its employment

are the labor of preparation and the slight injury that occasionally

occurs to dehcate fohage. A weak solution of kerosene emulsion,

when fortified with a small amount of a miscible oil, did not give

satisfactory results.
Adhesive Sprays.

In 1903 Volck experimented with flour paste as a spreader for

lime-sulphur solution. The success of this additional ingredient,

perhaps, may have suggested to Cook and Home the value of paste

alone, for in 1908 they recommended the latter against the red spider.

Again, in 1913, Parker determined that a flour paste (cooked), con-

sisting of 1 pound of flour to 1 gaUon of water, when diluted at the

rate of 1 part paste to 9 parts water, produced complete mortality

to red spiders on hops in California. At Batosburg the flour-paste

solution, prepared accorcUng to Parker's formula, has been carefully

tested on sweet peas, violets, beans, hollyhock, and cotton. On
sweet peas, violets, and beans the results were unsatisfactory, while

on h(»Uyhock and cotton the mortality did not fall b(>l()W 98 per cent

and averaged nearly 100 per cent.

Tliinking to utihzc; only the; efl'ective part of tlie flour, and to sim-

plify the pastc-fcooking operation, a mucilaginous s[)ray was nuide by
(converting laundry starch into paste and diluting it with Wiiter.

"^This was applied to heavily infr'stcd cotton, and all mites thai
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were hit by the preparation were killed. Since the making of this

spray requires less time and care than is the case with flour paste,

and since its efiicacy appears to be just as good, it would appear

thatthis simple mixture should be given further consideration.

Resin Wash.

An insecticide containmg, resin 2 pounds, caustic soda one-half

pound, fish oil one-fourth pint, and water 10 gallons was given a

thorough test on hejtivily infested beans and cotton. In both cases

all red spiders were killed. This preparation possesses the valuable

quaUty of spreading, and is an excellent red-spider spray. The only

objection to its general use is the fact that it is not quickly or easily

prepared.
Soap Solutions.

A common brand of fish-oil soap, at the rate of one-fourth pound
to 2 gallons of water, was applied to mites on beans and cotton. The
mortahty was complete and the spreading quality of the insecticide

was ideal. Other strengths of this solution were tried, and combina-

tions of the fish-oil soap with other substances were tested, but noth-

ing seemed to be added to the eflS.ciency of the soap through these

modifications.

In addition to the tests discussed in the foregoing paragraphs, we
have conducted several large-scale demonstrations in affected cotton

fields. The sprays used in these operations were either potassium

sulphid. or lime-sulphur, and a barrel pump mounted on some type

of horse-drawn vehicle was used for applying the material.

It should be noted that all tests with sprays were conducted during

hot, sunny days in the South. This is important to consider in rela-

tion to results, since it is becoming known that similar sprays often

yield very different results when appHed mider diverse climatic

conditions.
SPRAYING OUTFITS.

The sort of outfit to be used for red-spider spraying * depends

mainly upon the extent of the occurrence. Many prefer to use a

75-cent tin atomizer when only a score or so of plants are to be treated.

This instrument is very economical of liquid and throws a fine, vapory

spray which penetrates and blows to all accessible parts, but it is not

economical of time, and should be employed only where a quart or

two of spray material will complete the job. The bucket pump and

knapsack pump (fig. 20, p. 58) come into use in cases of considerable

scattered infestation or for treatment of a few plants in tall cotton

where the platform pump would be impractical. The most economi-

cal outfit for a severe case involving several acres consists of a barrel

1 Our recommendations regarding spraying methods apply primarily to cotton.
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pump carried through the field on a wagon or on a specially con-

structed vehicle of some sort. Figure 21
,
page 59, is from a photograph

of a portable outfit devised by a progressive planter at Laurinburg,

N. C, from suggestions suppUed by the writers. It consists of a plat-

foiin built upon the axle and shafts of a dismantled hayrake. The
two wheels are large, bringing the axle well above the ground, so that

injury of the plants is avoided to a great extent. A barrel pump
with a capacity of 50 gallons is momited on the platform. A boy
drives, one man pumps, and one handles each sprayer, of which pref-

erably there should be two. Thorough treatment of 3 or 4 acres a

day was readily obtained with this device. For safe work the attempt

should not be made to use this device in cotton of tall growth, since

the passing wagon will injure high plants, but it is ideal in fields of

average height or less.

Some dissatisfaction has been experienced among certain of those

who have undertaken to check the ravages of the red spider by
spraying. This can be understood on account of the extreme care

which must be exercised in order to secure effective results. From
the fact that the mite as a rule passes its entire existence upon the

underside of a single leaf, it becomes plainly necessary in spraying to

Tiit the entire underside of every leafof an infested plant. Furthermore,

since we have shown that no safe insecticide is known which will

destroy red spider eggs, it is clear that a second spraying is necessary

to kill the individuals which were eggs at the time of the first spraying.

SUMMARY AND RECOMMENDATIONS.

The common red spider occurs throughout the United States, but

is known as a serious pest in only three regions, namely: In that

portion of the cotton belt including North Carolina, South Carolina,

Georgia, Florida, Alabama, and Mississippi, where it is primarily a

pest of cotton; in north-central and western Colorado as a pest of

fruit trees; and in central California, where the species is a rather

serious pest of hop fields.

It is estimated that during a season of severe red-spider occurrence

the loss to the cotton planters of the Southeast amounts approxi-

mately to S2,000,000.

From the records of the present investigation the common red

spider is known to maintain itseK successfully on 183 species of wild

and cultivated plants, weeds, vines, bushes, and trees. A small

number of these hosts show special attractiveness for the pest and
infestation upon them reaches a more acute degree. These favorite

species may be grouped as winter hosts and summer hosts, the former

supporting th(^ pest through the cold, inactive period of the year, and

the liittcr funiisliing food thnjughout the spring and summer.
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Weeds growing in borders, terraces, etc., and dooryard plants (in

the case of fields near dwellings) constitute the sources from which

red spiders are able to enter cotton fields. The invasion of fields is

accomplished either (1) by travel upon the ground, (2) by travel from

leaf to leaf, (3) by the wind, (4) by rain and surface water, or (5) by
accidental transportation by farm hands, farm animals, or large

insects.

The control of the red spider is possible either by preventive or by
repressive measures. Great expenditures of time, labor, and material,

however, are necessary when the latter operation is undertaken.

Measures of prevention are far more economical and practical.

Clean ciilture, or the extermination of weeds and plants which breed

the pest, is by far the most vital means of prevention that can be

apphed in the case of field and truck crops.

In cases where cotton is growra within 100 yards of dooryards con-

taining violets and other ornamental plants a careful watch of these

plants should be maintained in order that they may be sprayed or

destroyed.

By the persistent maintenance of a finely pulverized surface mulch

in fields the progress of migrating mites is somewhat retarded and the

development of infestation correspondingly discouraged.

Although the fertilization of cotton land in no way interferes with

the status of the red spider, and exerts no direct controlling effect on

infestation, yet the judicious use of fertilizers assists the plants to

overcome injury.

Trap crops, rotation, favorable planting time, irrigation, etc., are

either of only shght or of negative value.

Dispersion may be prevented by eliminating the plants in a field

which harbor the initial infestation. This may be accomphshed by
pulling the first few plants which show infestation, or, in case the pest

has secured a good foothold, the elimination wiU be accomplished

only by means of plowing up all the affected portion of the field.

In either case the stalks should be quickly piled and burned mth the

help of a little straw or light trash.

Spraying for red spiders is effective if it is done with extreme care.

There are a few sprays which will give complete mortality when prop-

erly applied, but a second spraying is necessary to Mil the individuals

that were eggs at the time of the first sprayi'hg. A contact insecticide is

absolutely necessaiy, and it is vital that every leaf on an infested plant

should be reached by the spray.
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INTRODUCTION.

In 1905 an appropriation was made by the State of Massachusetts
for the purpose of bringing to this country parasites and other
natural enemies of the gipsy moth and the brown-tail moth. During
the same year Congress made a small appropriation to provide for an
investigation of the European parasites of tncse insects and the work
was tak(!n up by Dr. L. O. Howard, chief of the Bureau of Entomology.
As a result of a cooperative arrangement made between Mr. A. H.
Kirkland, then superintendent of moth work for the State of Massa-
chusetts, and the Bureau of Entomology, the general supervision

54880°—Bull. 417—17— -1
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and management of this work was placed in the hands of Dr. Howard
and the appropriation by the State was made available for meeting
a part of the expense of introducing, breeding, and disseminating such
parasites as could be secured. This arrangement was continued after
the moth work in Massachusetts was transferred to the State forester
and the cost of importations, breeding work, and colonization of para-
sites from the gipsy moth laboratory, Melrose Highlands, Mass., was
jointly financed by the Bureau of Entomology and the office of the
State forester, conducted by Mr. F. W. Rane. Owing to the con-
tinued spread of the moths above mentioned, and the extension of

the infested territory into other New England States, the problem
became interstate in scope and since December 1, 1911, the entire

work has been financed by the Bureau of Entomology.
A report has already been published by Dr. L. O. Howard and

Mr. W. F. Fiske as Bulletin 91 of this bureau,^ relative to the parasite
work, and in Bulletin 101 of this bureau a detailed account is given
of the satisfactory results secured from the introduction and estab-
hshment, in New England, of Calosoma sycophanta L., a predatory
beetle imported from several European countries. Bulletin 251 of

the United States Department of Agriculture, by A. F. Burgess and
C. W. Collins, published in 1915, brings the data known about this

predator up to that date.

In connection with the importation of this beetle and of several
other species of Calosoma secured from Europe and Japan, it was
found necessary to make a thorough study of the seasonal history of

the different species concerned, in order that the work might be carried
on in an intelligent way. Some time has also been devoted to investi-

gating the seasonal history and habits of some of the native species of

this genus, as well as to determining the reason why they have not
proved as helpful in destroying lepidopterous larvae as have the spe-

cies imported from abroad. Many entomologists and curators of

museums throughout the United States and Canada have sent full

information concerning the various species of Calosoma in the collec-

tions in their charge, together with localities from which the speci-

mens were secured. A considerable number have also forwarded
beetles of this genus, and this has made possible an investigation of

the habits of a considerable number of species that do not occur in

New England. ^Vhile it is impossible to mention individually all

those who have so kindly assisted in this work by furnishing live

specimens or data, the writers wish to extend their thanks for the
help which has been so freely given. Special acknowledgments are

due to Dr. L. O. Howard, who has encouraged the work which has
been carried on in this direction and made helpful suggestions from
time to time; to Mr. W. F. Fiske for his continued interest and
hearty cooperation; to Mr. E. A. Schwarz for examining and deter-

mining material received from foreign collectors ; to Mr. H. S. Barber
and other assistants in the Bureau of Entomology at Washington,
D. C, for collecting living material; to Dr. W. D, Hunter and the
assistants in Southern Field Crop Insect Investigations of this

bureau for similar collections ; to Dr. W. M. Mann for the loan of

his extensive collection of Calosoma; to Messrs. Klrkland, Rane, and
many of the assistants engaged in gipsy moth and brown-tail moth

1 Reprinted as House Document 977, 62d Congress, 3d session.
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work in Massachusetts, for cooperation and support in carrying on the

work which has extended over a period of several years ; and to Dr.

Henry Skinner, of the Academy of Natural Sciences of Philadelphia, to

Mr. Samuel Henshaw, curator of the Museum of Comparative Zoology,

at Cambridge, Mass., and to Mr. Charles W. Johnson, curator of the

Boston Society of Natural History, for the free consultation of the

specimens in the collections of their institutions, as well as for many
suggestions relative to the literature on this genus. Among the

assistants at the gipsy moth parasite laboratory who have made
possible the results which follow by carefully attending to certain

phases of the work should be mentioned Messrs. S. S. Crossman,
P. H. Timberlake, K. W. Brown, C. W. Stockwell, J. J. Culver, J. V.
Schaffner, jr., E. A. Proctor, F. H. Mosher, J. N. Summers, J. E.

Dudley, jr., and C. E. Hood. The photographs and illustrations

have been prepared by Messrs. W. N. Dovener, H. S. Barber, and
H. A. Preston.

HISTORY OF THE GENUS CALOSOMA.

The oldest reference to any species of the present genus Calosoma
that the writers have been able to trace is that of Heaumur,* published
in 1736. The legends describing the illustrations merely refer to the
species treated as a "scarab," which was a very general term for

beetles at that time. The account of the larvae feeding in the nests
of processionary caterpillars and the admirable iJ^istrations of the
larvse, pupse, and adults refer to the well-known Carohus sycoplianta

of Linnaeus, although without mentioning the specific T^ame of the
insect. This reference was later cited by Linnaeus ^ and subsequent
writers, always in connection with Carahus syco'phanta. The genus
Carabus was described by Linnaeus in 1758, or some time previous
to that, as it appears in his tenth edition of "Systema Naturae.

^

In the list of species recorded appear sycophanta and inquisitor with
many others that still remain in that genus. The following descrip-
tion of Carabus is taken from the foregoing publication.

Carabus. Antennae setaceae.

Thorax obcordatus apice truncatus, marginatus.
Elytra marginata.

Johann A. E. Goeze,^ in 1777, referred to ftycopTianta as belonging
to the genus Buprestis. A. F. de Fourcroy,^ in 1785, also included
this species in the genus Buprestis, giving a short description and
notes on its habitat. Johann Guseb Voet^ writes of Carabus in-
quisitor as Bujrrestis sycophanta minor, and later, in 1799, E. L.
GeofFroy " includes both sycophanta and inquisitor in the genus
Buprestis. These records arc interesting in that they show how
these particular two species of Carabus were transferred from their
proper place to one of error and confusion. According to the present
.rules oi nomenclature these species rightfully belonged to the genus

' Rf'-aumur. M^moires pour servir k I'Histoire <\es lasectes, v. 2, 514 p., 40 pi. (p. 455, t)I. 37, fig 14-19)
Parts 1730.

J Uinn-.im, C. Systema Natnnr- pA. 10, t. 1, 826 p. (p. 413). I/Cipsic, 1758.
» (,rxt/.<t, J. A. K. KntorTioloi;ischc IJeytriiKe, t. 1, 73(i p. (p. fi37). Leipsic, 1777.
« Kourcroy, A. F. fie. KritomoloKJa Parisieasis sivo CataloKu.s Inseotorum fpaao in A^ro Parisiensi repe-

riunfiir. .>44 p. (]>. 42). Paris, 178.'>.

\ oi-i
,

f. (,. ({f!Sciir(!il)unKnri un'l Abhil'lunfren, hartsnhaaliRtRr Insfilttfin.Coleoptera, Tyinn., von (i. W.
F. Pan/.<T, 5 pt., 48 pi. 17!»3.

» GeoIIroy, E. L. Ulstoire Abr^g^e cJes Inisectes, t. 1, 556 p. (p. 144), 10 pi. Paris, 1790.
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Carabus, in which they were included by Linnseus, until Friedrich
Weber, in 1801/ subdivided the Linnsean genus Carabus into Carabus
and Calosoma. The characters of the latter genus are presented
verbatim below:

(Calosoma)*

Weberi.

E. Carabis Fabr. Linn.

Labrum breve, late emarginatum, comeum.
Palpi sex.

Anteriores biarticulati, articulo prime longiore obconico, ultimo cylindrico,

adhaerentes maxillae dorso.

Medii longiores quadriarticulati, articulo prime brevissimo, reliquis obconicis,

secundo longissimo, basi anteriorum adnati.

Posteriores triarticulati, articulo prime breAdssimo, secvmdo longissimo versus
apicem paululum incrassato, tertio obconico breviore trxmcato, ligulae basi
inserti.

Mandihula cornea, valida unidentata basi ciliata.

Maxilla cornea basi angulata, processu compresso uncinate, intus basi ciliato.

Labium transversum, comeum, late emarginatum, cum acuminae medio, lateribus

rotundatig breviore.

Ligula membranacea, trilaciniata, lacinia media latiore ciliata.

Antennas fUiformes, articulo prime valido, secundo brevissimo, tertio longissimo,
reliquis obconicis, ultimo cylindrico acuto.

Character habituaUs.
Corpus scutellum, a^le latum, alatum, subdepressum, marginatum, colore plerumque

nitido.

Caput ovdlMm., exsertum, magnum, oculis lateralibus prominentibus globosis, antennis
lateralibus ante oculos insertis.

Thorax planus, transversus lateribus rotundatis margine prominulo.
Elytra rigida subdeflexa, thorace latiora, longitudine abdominis.
Pedes cursorii, longi, femoribus subcylindricis, tibiis versus apicem paulo incrassatis,

ante apicem spinosis, tarsis quinque articulatis.

* " Sycophanta, inquisitor, alternans, reticulatus, etc. hue referentur velim. Novem
genericum deductum est a pulcher et corpus."

Weber evidently chose sijcopJianta for the type species of the new
genus Calosoma either because it was the first species in the Linnsean
Est of Carabi to possess the foregoing characters or because it was
the best known and most common of them. The writers have no
good reason nor do they desire to adopt any other as the type for the
genus in this paper. Sycophanta (PL I) has become common in many
localities in eastern Massachusetts and southern New Hampshire
and is becoming very well known by a large number of the inhabitants
of New England and elsewhere. This species is considered the most
valuable aid among the Calosomas as a destroyer of tree-feeding
larvae.

GENERAL SEASONAL fflSTORY OF SPECIES OF THE GENUS CALOSOMA.

It was found that the various species of Calosoma, both foreign
and native, with which experiments were made at the gipsy moth
parasite laboratory have rather similar habits. Those which were
reared in confinement and are considered in this paper ordinarily
entered the earth and deposited their eggs either singly or in groups
of from two to three. Propagating adults that are fed in jars con-

i Observationes Entomologicae. Continentes novonim quae condidit generum characteres, p. 20.
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taining 4 to 6 inches of earth usually descend to or near the bottom to

perform this function. Infertile females which were denied males,

frequently deposited large numbers of small eggs on the surface of

the earth, seemingly not wishing to leave the surface and lose any
possible chance of mating.
The eggs hatch in from 3 to 15 days, depending upon the tempera-

ture and season of the year, and to a slight extent upon the species.

The longest time is required for those species that deposit many of

their eggs late in May and during the first part of June. C. calidum
Fab. and C. reticulatum Fab. emerge from hibernation early in the
spring and the number of days spent in the egg stage is greater than
with other species, C. sycopTianta for example, whose normal period
of reproduction is from June 10 to July 31. The period in the egg
stage is much shorter as the season advances. The eggs of C.

sycopTianta often hatch in three days during very hot July weather.
After hatching, the young larvae, which are white at first, rapidly

grow darker in color. They remain in the location where the eggs
were deposited until they reach their permanent color which varies

from brown to black, and in from one to three hours begin to move
toward the surface of the ground. When confined in jars, if food is

not found readily, the more active specimens frequently feed on those
that are weaker or less active.

In New England different species of Calosoma larvae hatch from
May 20 to August 15, and feed untd mature upon various kinds of

lepidopterous larvae and pupae. During this period they molt twice,

the time in each stage averaging as follows: First stage 3 to 6 days,
second stage 4 to 7 days, and third stage 9 to 15 days. When
full-grown the larva burrows from 8 to 10 inches into the earth if

it is rather soft, and if not, a shorter distance is travelled. From
4 to 7 days are required to prepare a cavity for pupation. The walls
are made compact by the movements of the larva within the cell.

After the larva has gradually contracted and has become shorter and
thicker, the skin is cast and pupation takes place.

The pupa always lies in the cavity resting partly or wholly on the
stiff hairs which are present on the dorsal side of the first five ab-
domiaal segments. From 10 to 15 days are ordinarily passed in this

stage. The pupa is at first creamy-white, but the appendages soon
begin to assume the color of the adult insect.

The adult issue,s during the latter half of July or in the month of

August, and some species soon seek the surface of the ground and
begin to search for food. C. calidura and C. r-eticulatum possess this

habit. They feed late in the summer of the year in which they are
larvae and pupae. Adults of C. sycopTianta, C. frigidum Kirby, and
other species remain in the pupal cavity until the following spring
before emerging and taking food.

The longevity of the adults of different species apparently does
not vary greatly, and under field conditions they undoubtedly
survive three years or more. Adults of some of the species may live

four years or more, and under conditions where species could be
clos(ily observed one female, O. sycopfuinta, has lived for more than
four years. The reproduction of the adults in various years has a
rlirect bearing on th(; age limit. If the be(;tles reproduce freely dur-
ing tlic first urifl second years of their existence, they usually die at
the end of that time.
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NUMBER OF GENERATIONS OF CALOSOMA.

Strictly speaking, all the species of this genus thus far reared and
studied have only one generation annually. A slight deviation from
this rule was noted in the case of 2 males and 4 females of C. scrutator

Fab. that were received from Onset, Mass., August 3, 1909. These
beetles were placed in a Riley cage and given plenty of food at fre-

quent intervals. On September 23 and 27, 23 small larvae hatched from
eggs deposited by one or more of the females. They were isolated

and later fed inside the laboratory. Adults developed from some of

these larvae, November 9 to 12, and a few days later (November 16

and 19) were found on the earth in the jar searching for food. They
fed until December 16, before entering hibernation.

This instance is cited to show that reproduction may take place in

some cases very late in the season. Other females of the same species,

confined at the laboratory that year, began ovipositing as early as

June 14, which gave ample time for adults to develop before the
middle of August. It is doubtful whether the adults of O. scrutator

under field conditions in New England come to the surface of the
earth for food as soon as they issue. The instance just cited indicates

that they may do this in the southern United States.

FOOD HABITS OF ADULTS AND LARV^ OF CALOSOMA.

The kind of food consumed by the adults and larvae of the various
Bpecies varies greatly under natural conditions. Of all the species

with which experiments were made at the laboratory, everything
offered in the way of lepidopterous larvae and pupae was eaten, and
in some cases immature stages of Coleoptera and Diptera were
attacked sparingly.

The caterpillars of Portlietria dispar L. and Malacosoma americana
Fab. were fed more than other species because of their abundance in

the field at the time needed (PI. II, A). Caterpillars of Ewproctis
cJirysorrhoea were abundant enough, even more so in some localities

than the former species, but the ubiquitous and poisonous hairs of

the caterpillars of the latter made their general use impracticable.
The beetles are ravenous for food at the time when the caterpillars

of the foregoing species are in season and their larvae feed voraciously
upon either caterpillars or pupae but usually destroy more of the
latter. This is particularly true of the larvae of Calosoma sycophanta
in connection with Portlietria dispar. Many field observations have
shown that the larvae of the beetles are abundant at the precise time
when caterpillars of this species are entering the pupal stage, and as

much food is required for their development they are particularly
adapted for destroyers of this pest. The same is true with the
larvae of C frigidum in their feeding upon larvae and pupae of

Heterocampa guttivitta Walk, These observations were published by
Mr. W. F. Fiske ^ and the senior writer in 1910. On July 31 of that
5^ear Messrs. Fiske and Burgess found the adults of the beetle
climbing trees and preying upon the caterpillars of the moth in Tam-
worth, N. H, On the same date 12 of the beetle larvae were found

i.Fiske, W. F., and Burgess, A. F. The natural control of Heterocampa guttivitta. In Jour. Econ.
Ent., V. 3, no. 5, p. 389-394, 1910.
Burgess, A. F. Notes on Calosoma frigidum Kirby, a native beneficial insect. In Jour. Econ. Ent,

V. 3, no. 2, p. 217-222, 1910.
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in 1 square yard of leaf mold feeding upon the caterpillars that were
congregating there for pupation. Further observations were made
on August 21, wliich showed that as many as 80.2 per cent of the
pupie of H. quttivitta in one locahty had been destroyed in the leaf

mold by the larvae of this beetle.

Both adults and larvae of C. calidum Fab. search for their food on
and near the ground. The species of cutworms which are often

abundant during the spring and early summer furnish ideal food
for tliis predacious insect and large numbers are destroyed annually.

Dr. A. W. Morrill has found that C. peregrinator Guer. in both the
adult and larval stages is common as an enemy of the variegated
cutworm {Pendroma margaritosa Haw.) in Arizona, and the late

H. M. RusseU of this bureau reported finding adults of C. semilaeve

Lee. at Holhn^ood, Cal., April 7 and 27, 1911, feeding upon the
larvas of Pendroma margaritosa under pea vines. This indicates that
the food habits of these two species of Calosoma are very similar to

those of C. calidum in both the adult and larval stages.

Other data have been collected by various entomologists, and
many observations were made at the laboratory at Melrose Highlands,
Mass., most of which are given under the notes on each species and
mdicate that great benefit must result from the work of these in-

conspicuous friends.

ECONOMIC IMPORTANCE OF THE SPECIES OF CALOSOMA.

The economic importance of Calosoma sycoplianta has been set

forth in Bulletin 101 of the Bureau of Entomology by the senior
author ^ and more recently by both authors ^ in Department Bulletin

251, but since the former publication was issued other interesting

notes have accumulated and may well be added here. Dr. J. N.
Summers of this bureau, during the early spring of 1912, began a
careful study of the internal parasites of the brown-tail moth larvae

in a 4-acre sprout lot in South Lynnfield, Mass. In June it became
necessary to discontinue the observations owing to the depletion
by C. sycoplianta of the larvae and pupae of the brown-tail moth.
The Calosoma beetles had consumed in some cases from 50 to 75 per
cent of the brown-tail moth pupae per tree or, as was figured later,

an average of 40 per cent for the whole area.

Mr. W. F. Fiske, recently of the Bureau of Entomology, while
studying the gipsy moth and its parasites in Italy during the summer
of 1911, was afforded an opportunity of observing the efficient control
of the gipsy moth by C. sycoplianta in a large forest. Mr. Fiske
states that there were enough beetles in the forest at the time of his

visit to consume all the gipsy-moth pupae present, with the exception
of those hanging from the trunks of trees or limbs which could not
he reached by the predators.
The bcnoficiul work which is being done by this species of Calosoma

in New England through its feeding upon the gipsy moth and the
brown-tail moth is now common knowledge in the section that has
been longest infested by these pests.

' Biirt'ftss, A. F. f'alosoma sycophanta. U. S. Dopt. Agr. Bur. Ent. Bui. 101, 94 p. (p. 48), 9 pi., 22
fit', ion.

^ Burgess, A. F., and Collins, ('. W. The Calosoma Beetle (Calosoma sycophanta) in New England.
U. 8. Dopt. Agr. Bui. 251, 40 p. , 7 pi., 3 ng. 191.0.
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All outbreak of Heterocampa guttivitta in the White Mountam dis-

trict of New Hampshire and parts of Maine began to attract atten-
tion in 1906 and 1907. The moths increased rapidly for several
years and large areas of hardwood growth on the mountain sides

were completely stripped. In 1909 this destruction reached its

climax. Calosoma frigidum had by this year increased to such
proportions that its effective work was everywhere evident in local-

ities where these caterpiQars had made their appearance. The
junior writer had an opportunity of visiting several localities in
North Conway, Intervale, and Tamworth, N. H., on August 20,
1910, when conditions were almost entirely relieved in so far as the
ravages of the caterpillars upon the foliage were concerned. Ex-
aminations were made of many small areas of leaf mold where the
moths had pupated in August, 1909, and it was found that an average
of 87 per cent of the pupae had been destroyed by the larvae of 0.

frigidum, and that 3.7 per cent had died from the attack of parasites
or from other causes. The remaining 9.3 per cent emerged during
the spring of 1910, and the females deposited eggs that were imme-
diately attacked by a small egg parasite, Telenomus gra-ptse. How.,
which destroyed practically all of them. This shows the good work
of Q. frigidum coupled with the timely aid of parasites.^

A similar example of effective control to that of C. frigidum on
Heterocampa guttivitta in New Hampshire was noted by Dr. J. B.
Smith ^ in southern New Jersey a few years ago. This had to do
with an outbreak of a geometrid caterpillar which covered the scrub
oaks in enormous numbers. Calosoma scrutator and C. wilcoxi Lee.
were also there in enormous numbers on the young oaks, feeding
upon the geometrid caterpillars. Dr. Smith visited the locality the
year following the outbreak but could not find a single specimen of

beetles or caterpillars. This is an instance in which the beetles

came in and made an entire clean-up of the lepidopterous pest, after

which they evidently migrated to other sections and in aU proba-
biUty many died of starvation.

Oalosoma calidum is quite common in localities where cutworms
are doing great damage to crops. It is sometimes difficult to find

adults of this species or their larvae actually preying upon the worms,
but the evidence of their presence in such an environment usually
bespeaks their mission. Besides, as stated before, it is believed that
0. calidum is more or less nocturnal in its food habits, which is much
in its favor as an efficient enemy of cutworms. Numerous other
accounts are on record concerning the beneficial work of the various
species of Calosoma, although the previous records of some of the
species are rather fragmentary.

LIMITS ON INCREASE OF SPECIES OF CALOSOMA.

Probably the most potent factor to be reckoned with when con-
sidering the increase of any species of Calosoma is the possible food
supply. Second to this is the feeding and pupation habits of its

lepidopterous host, for it is necessary that the caterpillars be feeding

and pupating at the time when the adult beetles will reproduce.

> The notes with others were published by Messrs. Burgess and Fiske in the Journal of Economic Ento-
mology, Volume 3, Number 5, page 389, 1910.

i Smith, J. B. [Note.] In Ann. Ent. Soc. Amer., v. 4, p. 179, 1911.
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Calosoma sycophanta.

Adiilt Calosoma beetle oatinf,' t,'ipvy moth cutcTpillar, lower left; pnyja, lower right; egga,

upper li-ft; ciiteti piipic of gip^y moth, iiiipcr riglit; full-grown larva; from above and be-

low. All Hlightly reduced. (Howard and Fiske.)
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Calosoma Larv/e Feeding, and Parasitized Beetle.

^.-First-stage larvifi of Calosoma sycophantaieeAing on
^f^^

of the American t^

caterpillar (ifa^acosoma americana). B.-Calosomasycophanta ^^omng pupana ot

parasitic ajBiomyiageorgiae beneath wmg covers. (Slightly enlarged.) G—l^arva oi

Calosomafrigidum feeding on another larva of the same species. (Original.

)
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The Skunk an Enemy of the Calosoma Beetles.

Excrement of skunk collected in the field showing many fragments of adults of Calosoma

sycophanta. (Authors' illustration.)
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For instance, if caterpillars and pupae of Malacosoma americana and
Euproctis ckrysorrhcea were the only source of food for C. sycophanta

in New England it is very probable that the beetles would increase

very slowly if at all. The adults of Calosoma emerged from hiber-

nation at Melrose BQghlands, Mass., in 1910, between May 11 and
June 28, the average date being June 2.^ Usually a week or more
intervenes before active egg deposition begins, and it is about June
15 before the eggs begin to hatch. The Calosoma larvae that hatch
from the fii'st eggs deposited usually find ample food in the cater-

pillars and pupae of M. americana, large, full-fed caterpillars of E.

chrysorrhoRa, and a little later the pupae of this species. The supply of

Malacosoma for food purposes is practically exhausted by June 25, and
that of Euproctis by July 15. Between these dates the most active

reproduction of C. sycophanta takes place under present conditions,

and it is evident that the bulk of the larvae would die from starva-

tion if other food were not available. On the other hand, the habits

of this beetle and its larvae are so well adapted to those of the gipsy
moth that it seems impossible for any other species of Calosoma to

fare better on this particular prey.

Cannibalism among the larvae of the various species is also no
small factor in' limiting the increase. All the species reared at the
laboratory and further treated in this paper possess this habit in the
larval stage. Irreparable losses have resulted in laboratory ex-

periments when attempts were made to feed from 8 to 15 larvae in a
battery jar with 2 to 3 inches of moist earth in the bottom. As
soon as the food supply was nearly exhausted the larvae began to

attack one another. (PI. II, C.) Despite the large number of syco-

phinta larvae reared for colonization work in New England, it was
impracticable to feed many of them together for more than from
foiu* to six days after hatching, as the mortality in captivity became
too high. After these larvae reached the second stage the mortality
rapidly increased from this cause. Cannibalism does not appear
to be of special importance under field conditions unless the food
supply is greatly restricted.

The ability of Calosoma larvae to climb into the trees is an impor-
tant factor. Many species are unable to do this and it is therefore
impossible for them to feed upon arboreal lepidopterous larvae.

Species of Calosoma larvae that are able to climb are thereby en-
abled to increase more rapidly and are of greater economic impor-
tance except in cases where the habits of the host are strictly terres-

trial.

EXPERIMENT TO DETERMINE THE CLIMBING HABITS OF CALOSOMA
LARV^.

A small white oak tree was cut during the spring of 1911 and two
sections of it, each 6 feet 5 inches long and about Sjl inches in diam-
eter, wore sf't upright in a cage at the laboratory so that a study
might bo made of the climbing habits of the various species of Cal-
osoma. The sections of the tree were hold in place by wires attached
near the top, and the base, which rested on the cement floor of the
cage, was encircled by a strip of tin 4 inches high. This inclosure,

' Hurpess, A. F. Calosoma sycophanta. U. 8. Dept. Agr. Bur. Ent. Bui. 101, 94 p. (p. 48), 9 pi..
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3J feet in diameter, prevented the larvae from making their escape.

A small amount of earth was placed in the circle. Later the size

of the circle was reduced to 21 inches in diameter and it was found
necessary to attach several partitions to the strip of tin, which
extended nearly to the tree, in order to prevent the larvae from
traveling around the outer part of the inclosure (PI. III).

A food cage, the bottom of which was made of J-inch mesh cellar-

window screen and the sides and top of fly screen, was perched on
the flat top of each section of the tree. The cage was made just

large enough so that the bottom projected about one-half inch be-
yond the bark of the tree on all sides and the Calosoma larvae had
no difficulty in entering it if they were good climbers. P. dispar
caterpillars or pup^ or both were placed in these cages, and the
presence of the beetle larvae could be easily determined by the in-

jm'ed specimens in the cages.

Tests were made with the larvae of 11 species of Calosoma, namely:
Sycophanta L., scrutator Fab., calidum Fah., frigidum Kirby, luguhre

Lee, externum Say, inquisitor L., reticulatum Fab., chinense Kirby,
semilaeve Lee, and canceUatum Esch. When possible the larvae in

each stage were used.

The results secured demonstrate that sycopTianta is a natural climber
in all larval stages; reticulatum larvae climb considerably and with
apparent ease; chinense climbs to some extent, but not so much as

the preceding species. Larvae of scrutator and luguhre are in about
the same class, and seem able to climb to a small extent, but are

very rarely inclined to do so. The larvae of the remaining 6 species,

calidum,fr-igiduTYh, externum, inquisitor, semilaeve, and cancellatmnshow
very little ability and no inclination to ascend trees.

Considerable information has been secured on the climbing habits

of several species of adults and this is given under the species con-

cerned.

NATURAL ENEMIES OF CALOSOMA.

It is undoubtedly true that beetles of this genus are destroyed in

more or less numbers each year by natm^al enemies. The principal

vertebrate enemies concerned are the toad, skunk, and various

species of insectivorous birds. A considerable number become the
prey of parasitic and predacious insects, although only a small amount
of data is at hand to prove this assertion. Several cases are on
record where adults of C. calidum have been found among the remains
taken from the stomachs of toads, and Mi\ F. H. Mosher, of the
Bureau of Entomology, has observed these animals feeding on the
species in the field. This observation was confirmed by an exam-
ination of the excrement, which contained small particles of the
chitinous remains of this species.

On July 9, 1912, Mr, J. E. Dudley, jr., of the Bureau of Entomology,
collected in Stoneham, Mass., a considerable amount of toad excre-

ment in which parts of C. calidum. could readily be determined.
During the summer of 1912 numerous observers reported that

skunks were undoubtedly feeding upon specimens of Calosoma syco-

phanta. Most of these reports came from sections where this beetle

was abundant and there seemed but little doubt as to the accuracy
of the reports, although definite data were lacking. In order to secure
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more information on this subject a series of experiments was conducted
by the junior author using captive skunks, foxes, and raccoons.
The results of these experiments are given in a following paragraph
and indicate that the skunk will feed freely upon these insects.

Field observations in 1913 have confirmed the experimental results

referred to above. In many sections of the territory infested by the
gipsy moth where G. sycophanta has become abmidant, unquestion-
able evidence was secured that skunks were destroying them in large

numbers. In some cases it was possible to find the groimd thor-

oughly uprooted over considerable areas, which indicated that these
animals had been digging to secure beetles which were beneath the
surface of the gromid. In addition to this, large amounts of excre-

ment were obtained, which showed that these beetles formed a large

percentage of the food of the skunk. (PI. IV.) In some cases it

would appear that the work of this animal during the past year has
been sufficient to retard seriously the increase of this beneficial

species.

In June, 1912, a series of observations were made by Mr. Mosher in

woodland near Melrose to determine whether birds were feeding
upon Calosoma beetles. For some time previous it had been noted
that along paths and wood roads a considerable number of wing-
covers and parts of beetles were frequently seen. Although Mr.
Mosher did not actually see birds feeding upon the beetles, he did
observe many specimens of the towhee or chewink (Pipilo erytropli-

thalmus) in the woodland and saw one devouring a female specimen
of Prionus laticollis. In the attempt to consume this insect the
elytra were separated from the thorax and the eggs and internal

tissues were eaten. As most of the hard parts of the insect were
rejected, it is fair to assume that this bird may have attacked Calo-
soma beetles in the same manner.
The brown thi'asher (Toxostoma rufum) has a somewhat similar

feeding habit and may be considered a possible enemy of these

beetles.

During the summer of 1913 observations were made by Mr. J. V.
Schafifner, jr., and Mr. A. M. Wilcox, of the Bureau of Entomology,
which indicate that the crow is an enemy of Calosoma adults. One
of these birds was observed to seize a beetle and to convey it to its

nest in a near-by tree. Several parts of beetles were found at the
base of this tree and on examining the nest, which was occupied by
y<jun^ crows about 3 weeks old, five broken and torn beetles were
found.
Among the insect enemies of Calosoma are the predacious bugs,

although f)nly a few records are available to support this conclusion.

On July 7, 1910, Mr. SchafTnc^r observed a nymph of Podisus sp.

feeding upon a second-stage larva of Calosoma sycophanta at Brook-
line, Muss. During each season several different species of Podisus
arc found in Massachusetts, although they are not ordinarily abund-
ant enougb to dcistroy many insects.

In 1890 Mr. Burgess rean^l several tacbinid flies from an adult of

Calosoma cfjJidum. Th(!S(! were detfainined by the late D. W. ('Oquil-

lott as Psfjulutradocara calosorruie Coq., a species which ho had reannl
some years previous from C. pe.regrinator Guer. in California. Since
that time this species has been classified under the name Biomyia
georgiae B. & B.
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In 1912 several tachinid flies (PL II, B) were reared by the junior
author from C. sycopJianta, but the adults which emerged were so badly
crippled that determination of the species was very difficult. The
specimens have been examined by Mr. Frederick Eaiab, of the Bureau
of Entomology, and also by Mr. Charles W. Johnson, of the Boston
Society of Natural History. Their determinations agree that the
species is either Biomyia cinerea Fall, or B. georgiae. Unfortunately
there are no pinned specimens of cinerea with which the material
reared could be compared, but owing to their poor condition and to the
fact that these tachinids were reared from a Calosoma beetle collected
in Massachusetts and not from one imported directly from Europe, it

is probable that the species concerned is georgiae. Tachinid puparia
have been found in the bodies of both G. caliduTn and C. frigidum
during the lastfew years, and a careful comparison has failed to indicate
any differences between these and the puparia of georgiae. Unfortu-
nately, adults were not secured from these puparia. Mr. Johnson
beheves that this species should be more correctly referred to the
genus Viviania Rond., so that rather positive evidence is at hand
that Viviania georgiae ^ attacks three species of Calosoma in this coun-
try, namely, calidum, frigidum, and sycophanta. It is probable that
the percentage of parasitism of Calosoma beetles by this tachinid is

rather smaU, as only a few records of its work have been secured.

EXPERIMENT TO DETERMINE IF SKUNKS, FOXES, AND RACCOONS PREY UPON
CALOSOMA BEETLES.

January 27, 1913, the junior writer took some living adults of syco-

phanta to Franklin Park Zoological Garden, Boston, Mass., and
secm-ed permission from Mr. J. T. Benson, curator, to isolate one
skunk (which happened to be an old female), and these specimens
were offered as food. The animal was placed in the cage about 10.30
a. m. and a cigar box one-haK full of earth, containing four adult
beetles, was put in at the same time. She scarcely noticed the box
of earth at first, but by 12 m. had tipped it over and consumed the
four beetles, leaving only two elytra. Two extra specimens were
put in the cage at noon and these were quickly consumed. Excre-
ment was passed in the afternoon of that day, but no parts of the
beetles were found in it. The following morning excrement- was
removed from the cage. It was composed partly of undigested
parts of sycophanta, including elytra, legs, and other chitinous append-
ages. (PI. IV.)

The same sort of an experiment was conducted with a red fox
(Vulpes fulva) and a raccoon (Procyon lotor), on January 25, 1913,

at the Middlesex FeUs menagerie, Stoneham, Mass. Mr. A. N. Hab-
berley, superintendent of the Fells division, Metropolitan Park System,
kindly permitted these animals to be used for the purpose. A cigar

box of earth containing three males and one female sycophanta was
placed in the cage at 9 a. m., but the fox would not notice them
until Mr. Habberley and the junior writer had receded a short dis-

tance from it. In less than 10 minutes from the time they were put in

the animal tipped over the box and consumed all the beetles. Later
a fresh dead female was thrown into the cage and was eaten imme-
diately. Excrement was found in the cage on the morning of Janu-
ary 27 which contained well-ground particles of the beetles.

1 Specimens have been described recently by Dr. C. H. T. Townsend as EvMomyia calosomae coq.
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The raccoon when offered adult sycopJianta ate from the hand three

males and two females in rapid succession. The beetles were ground
up in coaree particles and were found in the excrement on the morn-
ing of January 27. The appearance of the remains in the excrement
very much resembled those in the excrement of the skunk.
Even though the foregoing experiments were conducted under un-

natural conditions, there is httle doubt that these animals destroy syco-

pJianta and other species of Calosoma in woodland where the beetles

are plentiful. The skunk is the most important of these animals as

a natural enemy of Calosoma in New England, as it is common in

some sections, while the fox and raccoon are comparatively rare.

In other sections of the United States the latter animals may prey
upon Calosoma rather extensively.

Fig. 1.—Boxes for shipping Calosoma beetles. Each match box contains a single beetle and a small
quantity of wet sphagnum moss. (Burgess.)

METHODS OF SHIPPING CALOSOMA BEETLES.

During the past few years several thousand specimens of Calo-

soma beetles have been received and shipped. When live adults are

to be forwarded and will not be in transit more than one day, they
can be placed in a wooden box with a small amount of twigs and foh-

ago and sent by express or mail. It is usually desirable to bore a

few holf's in the sides of the box and cover them with wire netting,

but it is not nocessary to add food for the beetles as they will survive

the journey well unless the temperature is excessive.

When the length of time in transit is a week or longer, each beetle

should be placc^d in a small box (a safety-match box is excellent for

this purpose) with a small amount of wet sphagnum moss (fig. 1).

No food need be added, but the packing should b(i such as to fur-

nish some moisture ff)r the beetles until the end of the journey.
In the writfTs' experience more specimens have died from lack of

moisture than from any other cause. Metal containers are not desir-

able because too mue,h moisture is present. The small boxes men-
tioned can be placed in a larger box and shipped by mail or express.
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In case two or three weeks will be required for the journey it is

desirable to ship in cold storage if the beetles are collected early in
the season. Several lots have come from Japan that were shipped
in this way during midsummer and they always arrived in good con-
dition when the packing material did not become too dry.

METHODS OF REARING CALOSOMA BEETLES.

[PI. v.]

Calosoma beetles are not easily reared, and as a rule considerable
experience is necessary in order to manage the early stages success-
fully and obtain perfect adult specimens. All the species which
have been under observation deposited their eggs in the ground

Fig. 2.—Jars for rearing Calosoma beetles: a, Large jar with wooden top and "ladder"; b, small jar with
wooden top; c, showing construction of top and "ladder"; d, jar with cheesecloth top held in position
with rubber band. (Burgess.)

and both male and female beetles usually spent a part of the time
in the ground or under Htter. When definite records are desired as

to the number of eggs deposited by females or the molting periods
of the larv£e, it has been found desirable to use glass battery jars

containing from 2 to 4 inches of loam. A pair of beetles are placed
in each jar and caterpillars added for food. A wooden cover pro-
vided with a groove which fits the top of the jar (fig. 2) has been
found more satisfactory than covers made of cheesecloth or other
material. A circular hole is made in the top of each cover and a
piece of wire screen is tacked over it so as to afford free circulation of

air and prevent the escape of the beetles. It has been found advan-
tageous to attach narrow strips of wire netting to the top of the cover
in such a manner that they extend nearly to the surface of the earth
in the jar. The beetles are not able to chmb the vertical sides of

the jar, and as the caterpillars can do so easily the netting serves as a
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ladder and permits tlie beetles to reach the top of the jar and feed
upon any of the caterpillars that may crawl to this location. A
small amount of fohage to serve as food for the caterpillars should be
placed in the jar, and it should be cleaned daily and all dead speci-

mens removed. This is necessary in order to prevent the develop-
ment of certain species of mites that feed on caterpillar remains
and in turn attack and sometimes kill the breeding beetles or larvae.

The earth should be examined from time to time to determine whether
eggs have been deposited, and when they are found the beetles should
be transferred to a fresh jar and the eggs allowed to remain undis-
turbed for hatching. As soon as larvae appear they should be re-

moved and placed in other jars containing earth. Ten larvae of

most species of Calosoma can be reared through the first stage in a
jar of earth 6 inches in diameter, but if it is desired to carry the

Fig. 3.—Box cages for hibernation of Calosoma beetles. (Burgess.)

larvae through to the adult stage each specimen should be placed in
an individual jar, as they show a decided tendency to attack one
another, especially at the time of molting. The size of the jars
should be determined according to the size of the species which is to
b(^ studied, but in the writers' experience none of the species can be
satisfactorily handled in jars less than 4 inches in diameter. In case
definite records are not desired or if time is not available to care for a
large number of individual jars, rearing can be carried on by usin^large
fiiges, the bottoms of wliich are filled witli earth (fig. 3). In all

••.ises it is necesasary to keep the (sarth moist, but not W(>t. If too
much water is added, the legs and mouthparts of tlie beetl(>s and
larva3 b(;come coated with earth and tlie insects soon die. Wlien the
larva^! are fr-d in jars and it is desired to secure adult sp(H;imens, one
of the most satisfactory methods is to construct small cylinders of
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mosquito wire netting about 4 inches in diameter. These should be
sunk in the ground from 10 to 12 inches and the top should be closed
with a wooden plug. The large larvae can be placed in these cages,

and if suppHed with food will remain there and burrow into the
ground when ready to pupate. Care should be taken to have the
earth in these cages firm, but not too compact. In cases where it is

loose the larvse will not be able to form a satisfactory cavity in

which to pupate and the insect will die before emerging as an adult.

Many of the details in rearing Calosoma beetles must be learned from
experience, but the general directions given above will serve to aid
anyone desiring to carry on this interesting work.

CLASSIFICATION OF CALOSOMA.

The following table has been prepared for the separation of the
species of Calosoma occurring in the United States. It consists

simply of a revision of a similar table published by LeConto ^ in

1878, with a few changes and additions to include sycopJianta L.,

inquisitor L., reticulatum Fab., and auropundatum Payk., imported
from Europe, and chinense Earby and maximowiczi Mor., secured
from Japan. AH of these species have been hberated in New Eng-
land except auropunctatum Payk. and maximowiczi Mor. The former
species has been studied at the laboratory, but not enough speci-

mens were received for Hberation. Only two females of the latter

species were received from Japan, and as the classification is based on
the characters of the male tliis species is added at the end of the table.

C. carhonatum Lee. is considered a synonym of C. peregrinator

Guer. ; morrisonii Horn, prominens Lee, parviceps Casey, and tris-

toides Fall have been added to those treated by LeConte, as they
are apparently good species, the writers having had an opportunity
to study specimens. A male of the last species was presented to

the junior writer by Mr. H. W. Wenzel, of Philadelpliia, as coming
from the Ricksecker collection. One specimen of C. dietzii Schaf.^

was also seen in Mr. Wenzel' s collection and is evidently a good
species, but could not be included in the table as the description

does not give the characters of the male tarsi.

Col. Thos. L. Casey,^ * in 1897, described the following species of

Calosoma: Sponsa, marginalis, parviceps, monticola, and arcuata.

In some cases these species were described from one or a very few
specimens, and the types are held in his private collection. No
other specimens of these species have been secured for study except
C parviceps. Some unidentified examples of this species were
found in the collection at the U. S. National Museum. It has, there-

fore, been placed in the following table, but it has not been thought
best to include the others on account of the small amount of material
available.

1 LeConte, J. L. Description of a new species of Calosoma. In Bull. Brooklyn Ent. Soc, v. 1, no. 8,

pp. 61-66, 1878.

2Schaeffer, Charles. New genera and species of Coleoptera. /nJour. N. Y. Ent. Soc, v. 12, no. 4, pp.
197-236, 1904.

3 Casey, T. L. Coleopterological notices. In Ann. N. Y. Acad. Sci., v. 9, pp. 285-683, 1896-1897.
< It might be added that Colonel Casey in the paper cited above also p'-oposed several names of sub-

species represented in his collection. These were C. stellata, a Lake Superior form of calidum; expansa,
another form of the same species from Iowa; and laticollis, a third from Las Vegas, N. Mex. A form of

sayi from Norfolk, Va., he considers as virginica, one oifrigidum from Indiana as levettei, and one of obs>
ZefMTW from New Nexico as microsticta. He also states that "pimeliodes Walk., zimmermanni hec. , and
striatula Lee., are distinct species and should not be considered subspecies of luxata."
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Where the Life History of Calosoma Beetles was Studied.

Interior view of one of I he oiiUloor lii.sectaricH ut Melrose Highlands, Mass., wliere studies were
lutuie ou the life hiatories of many species of Calosoma. (Burgess.)
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O^ the species described by Mr. H. C. Fall ^ in 1910, namely,
eremicola, 'parvicoUis, and tristoides, the writers have seen a repre-

sentative of tiie last only, which is mentioned above. The other two
could not be added to the table for separating the species, as the
characters of the male iarsi are not given in the description.

TABLE FOR DETERMINING ADULTS OF CALOSOMA.

Anterior tarsi of male -n-ith joints 1-4 haiiy beneath.
Thorax with sides broadly flattened behind; body elongate, black.

Elytra deeply striate, with blue border 1 . externum.
Elytra smooth, with a few punctures on the basal half 2. maa'um.
Elytra with series of fine punctures 3. protractum.

Thorax narrowed behind, sides not flattened; elytra deeply striate.

Elj'tra gold-green with red margin. .

Larger; middle tibise of male curved and with a dense brush of hairs ,y^ ^^
on the inner surface near the tip 4. sa'utator. y' ifT

Smaller; middle tibise of male straight, not hairy 5. wilcoxi.
''

Elytra black to sHghtly bronze, with three rows of small greenish-bronze
punctures 6. frigidum. .

' -^ '-

Elytra coppery to greenish-bronze, with coppery-green margins; punctures
same shade as elytra.

( Em-ope, introduced into Massachusetts) 7. inquisitor. O
Anterior tarsi of male with joints 1-2 only hairy beneath.

Thorax trisinuate behind, elytra deeply striate with three rows of golden .^ / -^

fovefe 8. sayi. ^ ^*-
Anterior tarsi of male with joints 1-3 hairy beneath.

Green species with underside of body bluish-black or greenish-black; elytral

spots faint and same color as elytra. •

Elytra deeply and regularly striate. -

( Introduced and established in New England) 9. sycophanta. '-^/-^ \L
Elytra reticulate, granular.

(Europe, introduced into Massachusetts) 10. reticulatum.
I51ack species without golden spots (faint bluish-green spots in obsoletum) ; striae

of elytra faint and obliterated behind (except in angulatum).
Elytra naiTo:\]y margined:

Side margin of thorax meeting the base in a well-defined angle (except
in parvirep-s).

Head coarKcly punctured, thorax strongly angulated at the sides.

Elytra deeply striate from base to apex 11. angulatum.
Elytra faintly striate from base to apex 12. peregrinator.

Elytra faintly striate on basal half, becoming obliterated to-

wards apex.
Thorax strongly angled at sides 13. prominens.
Thorax arcuate at sides 14. parviceps.

Head with a few coarse punctures in front.

Elytra with coarse transverse punctures near base . . 15 . lugubrc.

Head smooth: thorax narrowly margined.
Elytranearlysmooth, oval; wings feebly developed. 10. palmeri.

Side margin of thorax meeting the base in a curve.
Thorax slightly bi-'iinuate behind.

fJasal impresfions slight; elytra nearly smooth 17. triste.

Baflal impressions broad; elytra -with scaly sculpture.

] 8. obsoletum.
Thorax emarginate behind, hind angles broad, prolonged.

Without luHtor; transverse basal grooves of elytra as prominent
as longitudinal striae 19. scmilaeve.

Without luster; transverse basal grooves of elytra not as promi-
inent as longitud inal strife 20. sim,plex.

Elytra nmoolh, more broadly margirKid, oval; wings wanting (form robust,
n<;arly as in triste) ; 21. haydeni.

Elytra smooth, more broadly margined, oblong-oval; wings well developed
(form robiiHt and poHterior angles of thorax not as broadly redexed as
in Iriste) 22, tristoides.

' Tall, II. ('. MiHC«llanw)Us notw.s an'l <lc!Sf;rlptions of Nortli Amoricun Colooptora. In Trans. Amer.
Km. Soc., V. 3<i, pp. H'.hi<J7 (pp. W 92;, 1910.

54880"— i'.iill. 417—17 2
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Black species with golden or greenisli-golden spots. (Spots sometimes faint in
tepiduin and morrisonii).

Thorax with broad basal impressions; elytral striae regular 23. calidum.
Thorax with small basal impressions; elytral striae frequently confused or

faint.

Elytra of smooth sculptin-e, without imbricated appearance.
24. morrisonii.

Elytral striae of medium depth and frequently confused. .25. tepidum.
Elytral striae fine, imbricate or transversely rugose.

(Emope. ) 26. auropunctatum.. /

Bronzed species with three rows of chainlike elevations on the elytra; striae

confused.
Thorax less narrowed behind.

Basal impressions broad; wings well developed; elytra oblong-oval.
27. cancellatum.

Basal impressions shallow; wings wanting; elytra oval, less deeply
sculptured 28. subaeneum.

Thorax more narrowed behind; basal impressions small; wings wanting;
elytra oval 29. moniliatum.

Bronzed species without three rows of chainlike elevations; with three rows of

depressed greenish-golden spots.

Body elongate, tibiae of mesothorax and metathorax of male curved.
(Japan; introduced into Massachusetts and New Hampshire).

30. chinense. O
Black species with oval or rounded oval elytra, and without wings; thorax

emarginate behind with the angles produced.
Outer joints of antennae pubescent as usual:

Elytra broadly oval, with rows of close-set punctures and intermediate
rows of more distant punctures 31. discors.

Outer joints of antennae pubescent only along the sides.

El>i:ra longer, oval, striae confused, with three dorsal rows of larger

punctures 32. wilkesii.

Elytra broadly oval, with distant rows of faint punctures; sculpture
scaly, sometimes nearly smooth.

Hind angles of thorax not broadly rounded , sculpture rather rough.
33. luxatum.

Hind angles of thorax broadly rounded, sculpture smooth.
34. latipenne.

TABLE FOR DETERMINING CALOSOMA LARV^.

The table which folloM's gives characters for separating larvae of

different species of Calosoma. Full-grown specimens were used, as

more satisfactory determinations can be made with them than with
the earlier stages. The larvse must have molted 24 hours or more
before an attempt is made to classify them, otherwise the colors will

not be normal. In order to show the difference in appearance of

larvae of this genus from those of Carabus, an illustration (PL VI)
is given of a third-stage larva of Carabus limhatus. All measurements
of larvae have been made as follows : The length has been taken from
the base of the mandibles to the posterior border of the anal seg-

ment, and the width has been measured at the middle of the meso-
thoracic segment.
The writers realize that this table is incomplete, but it covers the

species which they have been able to study and is published at this

time in the hope that it may assist anyone who wishes to determine
some of the more common larvae of Calosoma.

With reddish-brown patch at base of caudal appendages in second and third stages.

Dorsum shining black in all stages except scrutator, which is sometimes brownish-
black. Full-grown larvae more than 30 mm. long.

Anterior ventral plate of first to seventh abdominal segments oval without
noticeable dilation on anterior middle margin. Outside posterior

ventral plates of same segments round without broad notch on inner
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side. Posterior median plates rather oval in form save on sixth and
seventh segments, where they appear somewhat truncate on inner mar-
gins; plates with broad median line of separation in well-fed larvse.

Posterior angles of anal segment pointing backward rather promi-
nently. (PLXI, B.)

(Introduced and established in New England) C. sycophavta.

Anterior ventral plate of first to seventh abdominal segments oval, with
noticeable dilation on anterior middle margin. Outside posterior

ventral plates of same segments round to approximately square, often

^vith broad and shallow notches on inner margins. Posterior median
plates square to rectangular, truncate on inner margins of first 7 seg-

ments, plates vrith narrow median line of separation in well-fed lar^-pe.

Posterior margin of anal segment truncate, posterior angles not pointing
prominently backward. (PI. IX, P>.)

(Eastern, southern, and central United States and Canada). C. scrutator.

Dorsum brown to blackish-brown in second and third stages. Full-grown larvae
less than 30 mm. long.

Caudal appendages stout, almost straight. Dorsal protuberances pi'ominent,

erect, locatea two-thirds length from base to apex.
Posterior angles of anal segment obtuse, not prominent and not pro-

truding prominently backward.
(Eastern, southern, and central United States) C. wilcoxi.

Posterior angles of anal segment acute and extending backward rather
prominently.

(Europe, introduced into Massachusetts) C. inquisitor.

Caudal appendages long, acute, usually slender. Dorsal protuberance shorl:,,

stout, pointing sUghtly backward, located about one-half length from base
to apex.

( Northern United States and Canada) C. frigidum.
Without reddish-brown patch at base of caudal appendages in second and third stages.

Dorsum bronze to blackish-bronze in all stages; more prominent in second and
third.

Caudal appendages very long, slender, slightly curved upward.
(Japan) C. chinense.

Dorsum dull or shining black in all stages.

Caudal appendages short (less than 2 mm.), stout, curved sUghtly downward
from base to apex.

Anterior ventral plates of first to seventh abdominal segments dilated
at center, especially on anterior margins.

Posterior median plates of abdominal segments 2 to 7 inclusive with
both median anterior and posterior angles rectangular.

Dorsal protuberance of caudal appendages stout, acute, rather
erect, located in middle. Posterior angles of anal segment
almost truncate. Larva robust. Dorsum dull black.

(Northern, ea.stern, and central United States and Canada.
C. caliduvi.)

Dorsal protuberance of caudal appendages stout, acute, rather
erect but located two-thirds length of appendage. Posterior
angles of anal segments acute. Larva rather elongate. Dor-
sum shining black.
(Rocky Mountain section and southwestern United States.)

C. obsoleiuni.

Posterior median plates of abdominal segments 1 to 6 inclusive with
median anterior angles rec;tangular and posterior angles rounded.

Dorsal protuberance of caudal appendage shorts, stout, ratlier

erect. Abdominal segments 1 to 8 each containing from four
U) ten small plates near lateral apices of anterior ventral plate.

(Pacific slope, Rocky Mountain section and the southwestern
I 'nited States) C. cancellatum.

Dorsal protiiberance oi caudal appendage rather long, stout,
extending backvvarfl in a .straight line from basal half of

appendage. Af)dominal segments 1 to 8 eacli containing from
two to five small plates near lateral apices of anterior venlral
plate.

(California and Idaho; (J. scirdlatn..
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Anterior ventral plates of first to seventh abdominal segments not dilated
at center.

Plates with, a prominent notch in center, anteriorly and sometimes
posteriorly.

(Southern and central United States) C. lugubre.

Plates without notch in center anteriorly.

Lateral plates somewhat cii'calar in form; ventral plate on
eighth abdominal segment somewhat rectangular, consider-
ably broader than long; middle posterior notch in above
plate obsolete or slightly marked—not as prominent as other
two posterior notches.

(Europe, introduced into Massachusetts). . . C. rciiculatum.

Lateral plates elongate in form; ventral plates on eighth ab-
dominal segment nearly square, middle posterior notch well
marked and usually as prominent as other two posterior
notches.
(Europe) C. auropunctatum.

Caudal appendages long (2 mm. or more), slender, straight, not bent downward
beyond dorsal protuberance.

Caudal appendages very long (2.5 mm.), slender and straight; dorsal

pi'otuberance short, not prominent; posterior angles of seventh and
eighth abdominal tergites obtuse.

(Eastei'n, southern, and central United States) C. externum.
Caudal appendages long (2 mm.), slightly angled downward beyond

dorsal protuberance; posterior angles of anal segment and seventh
and eighth abdominal tergites rather sharply pointed. Larva robust.

(Western and southern United States) C. peregrinator

.

Caudal appendages straight, long (2 mm.;, straight beyond dorsal pro-

tuberance; posterior angles of anal segment obtuse, almost truncate;
angles of tergites on seventh and eighth abdominal segments obtuse.
Larva long, slender.

(Rocky Mountain section and southwestern United States.)

C. haydeni.

GENERAL REMARKS.

On the following pages will be found a consideration of each species

of Calosoma as it occurs in the foregoing table. The original descrip-

tion of the species is given, and also a statement concerning its dis-

tribution as secured from the Uterature and information furnished by
curators and entomologists in charge of museums or collections of

insects from all parts of the United States and Canada. The pub-
lished information concerning each species is summarized and the
results of the investigations which the writers have made dealing with
the feeding habits, reproduction, and life history, are included and a
bibliography of each species concerned.

Following the species given in the table have been added Calosoma
aurocinctwn. G. d-ietzii, C. maximowiczi, and C. splend'ldum, as these
have been examined by the writers and have been found in greater
or less numbers in the United States, They have not been placed
m the table, as no male specimens were available for study.

MEASUREMENTS OF PUP^.

All measurements of pupse that are given in descriptions were
taken from the anterior margin of the prothorax to the .end of the
anal segment, and the width was measured at the center of the first

abdominal segment.
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CALOSOMA EXTERNUM (Say).

(Syn.: C. longipenne De] .)

ORIGINAL DESCRIPTION.

East, Middle, South and Central States. Winged, black, margined with purplish;
elytra with three series of obsolete punctiKes. Length one inch and three-twentieths.
Body elongated, deep black; antennae brown at tip; thorax punctured, margined

with bluish-pm-ple ; lateral edge regularly curved to the base; dorsal and basal lines

distinct; basal angles obtusely rounded; elytra striate; striae well impressed, much
narrower than the interstitial lines, and with conspicuous, definite punctiu"es; in-

tei-stitial lines convex, equal, the 4th, 8th, and 12th each with a series of obsolete
small punctm'es, which do not interrupt them; exterior margin bluish-ptu'ple.

A large species, brought from Arkansas by Mr. Thomas Nuttall. It somewhat
resembles C. sulroms. but is larger, the strife of the elytra are much more regular,

exhilnting nothing of the granulated appearance of those of that insect, and the cur^'e

of the exterior edge of the thorax is regular, or without any tendency to excm-vatm-e
near the base.

EARLY RECORDS OF THE SPECIES.

This species was described by Thomas Say in 1823 from a specimen
collected in Arkansas. Later Dejean discovered that Carabus
externus Say and Calosoma longipenne Dej. were synonyms. Some
valuable notes on the habits of both adults and larvae have been
recorded by Dr. L. O Howard and Prof. Lawrence Bruner.

DISTRIBUTION.

This species occurs in Arkansas, Connecticut, Delaware, District

of Columbia, Georgia, Illinois, Iowa, Kansas, Kentucky, Maryland,
Missouri, Nebraska, New Jersey, New York, North Carolina, Ohio,
Oklahoma, Pennsylvania, South Carolina, Tennessee, and Texas. It

is more common in the southern range.

COLLECTIONS AND SHIPMENTS.

Messrs. E. A. Schwarz and H. S. Barber, of the Bureau of Ento-
mology, have collected at electric lights in Washington, D. C, and
forwarded living specimens for study at the laboratory. In 1909
a female was received May 18 and a male June 7. June 19, 1910,
one live female was received from Prof. C. E. Sanborn, Stillwater,

Okla. In 1911, 6 males and 8 females were received from Washington,
D. C, and in 1912 one pair of beetles was forwarded from the same
locality.

HABITS OF ADULTS.

A small experiment conducted in June, 1911, to test the climbing
habits of the adults showed that they are fairly agile on the bark
of trees. They run swiftly on the ground and climb as actively as
C. frifpdura. I)uring the short time the beetles were under observa-
tion they did not attempt to climb without being forced, but seemed
thoroughly at ease when placed upon the trees.

FOOD OF ADULTS.

This species has been reported by Riley as feeding on the Rocky
Mountain locust (Mel/movtus spretufi Uhl.), by Howard as an enemy
of the army worm (Oirpfds unijmncta Haw.), and l)y Bruner as feed-
ing on Lac)i7i/}fiter7M sp.
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Daily records were kept of one pair of adults in 1909 from July 1

to August 23, when the male died. The female died July 26. The
latter was received from Washington, D. C, May 18, and fed greedily

upon raw beef until May 25. Caterpillars of Malacosoma americana
were then supplied until July 1, and large numbers were consumed.
One hundred and twenty-six sixth-stage Porthetria dispar caterpillars

were consumed from July 1 to August 23.

In 1911 two pairs of adults were received from Washington, D. C,
June 4, and placed in jars. Their feeding records are shown in

Table 1.

Table 1.

—

Feeding records of two pairs of Calosoma externum, 1911.

Pair
No.

Received
and

record
started.

Ceased
feeding.

Females
died or
entered
hiberna-

tion.

Fifth and sixth stage caterpillars
consumed

.

Malaco-
soma
ameri-
cana.

Por-
thetria

dispar.

Estig-
mene
acraea.

Total.

5061
5062

June 4

...do
Julv 7 Jiilv 71 52

40
77
153

129
220Aug. 172 Aug. 173 27

1 Female died; record closed.
2 Record closed because of scarcity of food.
3 Original female died July 5; another added on same date.

The usual custom is to discontinue feeding records when the female
dies, but with No. 5062 another female was added on the same date
and the record continued as long as food was available. The record
was stopped August 17, but the pair was not transferred to a hiber-

nation cage until August 26. Neither of the females included in Table
1 reproduced in 1911, which partly accounts for the comparatively
small amount of food consumed, namely 129 and 220 caterpillars,

respectively.

One pair of adults (No. 5097) fed in 1912. The female emerged
from hibernation May 27 and died August 3 ; the male died July 24.

One hundred and one full-grown caterpillars of M. americana, M.
disstria, and P. dispar were consumed during the time and the female
deposited eggs during the season.

The records at hand would indicate that the capacity of this species

for consuming food is somewhat less than has been found with some
other species of the genus. The records of C. externum secured are,

however, rather incomplete, and more caterpillars would have been
destroyed under natural conditions.

REPRODUCTION.

During the season of 1909 one pair of beetles reproduced very
sparingly. The male was received June 7 and placed with the female
on that date. On June 27 eggs were found in the jar, and on July 1

the pair were noted in copulation and again eggs were seen. They
were scattered through the earth in the jar, but only two hatched,
and no larvse were reared.

During 1911 several beetles were received from Washington, D. C,
in June and July, but no reproduction resulted that year. The
beetles entered hibernation in the faU and lived to emerge in the
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spring of 1912. Pair No. 5097 produced 15 fertile eggs between
June 1 and July 1. Copulation was noted June 1, 9, and 11, and the

female died August 3. Female No. 5062 and female No. 5S41 each
deposited mfertile eggs, which were not counted. The eggs were
deposited June 7 to July 2, and one of the females died August 6,

while the other entered hibernation August 30.

This species, like some of the other species of Calosoma experimented
with at the laboratory, reproduced sparingly in jars. The same was
true of C. ijiquisitor, C. auropunctatum, and C. wilcoxi.

LONGEVITY.

Tlie one male and three females that emerged from hibernation in

the spring of 1912 were collected in Washington, D. C, in the spring

of 1911. All of these adults died in July and August, 1912, which
indicates that the species lives at least two full years in the adult

stage, as the beetles in question were larvae and pupse in the summer
of 1910 or earlier and died in the summer of 1912. Three years is

probably nearer the age limit of the species under natural conditions.

HIBERNATION.

All the beetles received from various sources in 1909 and 1910 died
the same season without entermg hibernation. Several adults, how-
ever, that were received during the spring and summer of 1911 ceased
activity and entered hibernation August 12 and 26 and September 5.

The same beetles emerged m the spring of 1912 on May 27 and 28 and
June 3. The cavities, so far as could be determined, ranged from 1 to

3 mches deep. Three males and four females entered hibernation in

the fall of 1911 and one male and three females emerged the following
spring.

Adults of this species hibernated successfully at Melrose Highlands,
Mass., through the winter of 1911-12, one of the most severe in this

section for many years, which proves their hardiness when food and
other conditions are favorable.

THE EGG.

Ten fresh eggs gave the following average measurements: Length, 5.4 mm.; width,
2.5 mm. They ai'e somewhat elliptical in form with a slight taper toward one end.
The cfilor is white with a faint yellowish tinge. They vary greatly in form, ranging
from long and almost cylindrical, tapering slightly at both ends, to short, oval, and
wjmewhat kidney-shaped.

Alxmt 100 eggs were deposited by three females in 1912 but only
12 of these hatched, llie fertile eggs were deposited June 4, 5, and
12, and 8 to 13 days were required for hatching. These records indi-

cate that 8 or 9 days is the average time the eggs require for hatching
(luring June.

DESCRIPTION OF LARVA.

First 8la//e.—I-^'orra short, stout. Average length of 7 specimens, 7.7 mm.; width,
2 mm. Caudal appendages straight, very long (2.0 mm.), slender, bearing numerous
short spines. Color black al;ove, ventral plates dark t(j grayish-brown.

•Ser^rn/l ntfu/e.'—Form short, very Inroad. Average length of four alcoholic specimens,
i:} mm. ; width, 4 mm. Caudal appendages very long, the same length as in first stage
but H/>mewhat larger. Protuberance small, located aljoiit one-half the distance from
base U) tip. Ends of tergites, viewed from ventral h'uIc in partially fed larva-, project-
ing well lat<jra<l, posterior angles of same obtuse and projecting prominently backward.
Poflterior angles of last segment short, rather ar-ute. Ojlor same as in first stage.
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Third stage.—Form robust. Length, of one alcoholic specimen, 20.5 mm.; width,
6.0 mm. Caudal appendages long, slender, spreading widely apart at tips. Protuber-
ance short, acute, making angle of 45° with appendage, and located slightly more than
one-half distance from base to tip. Tergites not protruding as far laterad in partially

fed lal•^^8e as in second stage. Color dull black on dorsum, A'entral plates dark brown
to grajnsh l^rown. No reddish-brown patch at base of caudal appendages in eecond
and third stages.

TIME REQUIRED TO COMPLETE LARVAL STAGES.

The time required to pass throTigh the different larval s,tages was only
secured with the first two, as all larvae failed to live through the third

stage. Three larvse hatched June 24, 1912, and died July 6, 9, and
11, while in the third stage. Two of these larvae molted to second
stage on the third day after hatching and one on the fourth. Three
to five days were required to pass the second stage and the larvae aU
died after 7 and 8 days in the third. An average of these records
indicates that 3 days are required to complete the first and 4 days the
second stage.

No pupal records could be obtained, as the larvae died in the third

stage.
FOOD CONSUMED BY LARV^.

So few larvae were secured during the series of years these experi-

ments were conducted and so many specimens died that the feeding
records are far from complete. Two larvae, all that hatched in 1909,

were fed until both died while m the second stage. Tlie first hatched
July 6 and died July 13, consummg in the meantime five sixth-stage

caterpillars of PortJietria dispar. The second hatched July 13, con-
sumed three sixth-stage caterpillars of PortJietria dispar and was
found dead July 23.

Records were kept of 12 larvae that hatched during 1912; most of

them died m the fu'st stage but a few lived to reach the second and
third. One larva consumed nine fourth-stage caterpillars of Porthetria

dispar and another destroyed nine pupae of the same species and died
in the third stage.

The records at hand are so mcomplete that a definite statement can
not be given of the amount of food required by the larvae. The adults

are somewhat larger than those of C. lugubre, and it is probable that
they require about the same number of medium-sized caterpillars or

pupae for the completion of their growth, or an average of 21. The
feeding period probably extends over about 20 to 25 days.

HABITS OF LARViE.

During the season of 1912 some notes on the climbing habits of

the larvae were obtained. (PI. III.),

June 24 two newly hatched larvae were placed in the experiment.
Many observations were made on these durmg the time they remained
in the first stage and they made no attempt to climb. When placed
upon the bark they would immediately crawl and wedge themselves
under the nearest loose scales, and remain there for hours unless

disturbed. In attempting to crawl they usually fell to the ground.
The second-stage larvae maneuvered m about the same manner when
placed upon the bark of the tree. One crawled back and forth on a
limb but when it attempted to climb up or down the trunk it immedi-
atelv fell.
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Tliird-stage larvae were kept in the experiment from July 1 to July
11, when the last died. They were placed upon the trunk of the tree

many times but climbed up vej'y little before fallmg. One specimen
crawled as much as 1 foot down the trunk from where it was placed
before fallmg and tliis was the best record of progress during the

experiment.
The larvae in the tliree stages were kept under observation in the

experiment from June 24 to July 11 without any indications of their

having reached the food cage at the top of the tree. It was necessary
to supply the larvae with food on the ground in order to keep them
from starvmg. All the data secured on the habits of the larvae would
indicate that under natural conditions they climb very little if at all.

In tliis respect they possess habits very similar to those of C. calidum.
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CALOSOMA MACRUM Lee.

ORIGINAL DESCRIPTION.

Elongated, black, shining, with front part of head scarcely punctate, with thorax
one-half wliorter llian broad, narrowed towards the front, sides rounded, somewhat
more liroadly reflexod on the posterior, purpliHli, with truncate base, broadly marked
on Ijoth sides; elytra .sr.'arcely broader than thorax, piuplisli margined, almost obso-
lotely .striated, anrl punctures marked in triple series, tliickly punctate here and there
in front of the middle. Length J .05 inches.

DISTRIBUTION.

J. ].,. LcConto flcscril»od this species in 185;^.' Tt occurs in Louisiana
and Texas and a singi(! specimen is pres(!nt in the collection of the
California Agricultural Experiment Station labeled ''Md."

' I/e(>mie, J. I,. Notes on the cla-ssiflcation of the V,'drn\>Ul;t: of the United States. /«, 'I'raiis. Amor.
I'hII. Hoc., V. 10, n. .s., pt. 3, art. 27, p. ;j(>4-40.{ (p. 4(X)), lHr>:i.
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CALOSOMA PROTRACTUM Lee.

ORIGINAL DESCRIPTION.

Elongated, black, somewhat shining, with thorax twice broader than long, base
scarcely notched, somewhat indented, with margin thickened; punctate at base and
sides, sides reflexed more broadly posteriorly; elytra a little broader than the thorax,

parallel, punctate finely in series. Length 0.95-1.05 [inches]. Arizona. Dr. Irvine,

U.S.A.
DISTRIBUTION.

This species was described by LeConte in 1862.^ It occurs in

Arizona, Colorado, Kansas, and Mexico. Dr. F. H. Snow collected

specimens at an altitude of 3,750 feet in Arizona.

CALOSOMA SCRUTATOR (Fab.).

ORIGINAL DESCRIPTION.

[Translation.]

Carabus, winged species, with striate elytra, green, with punctures in triple row,
thorax dark blue; margin reflexed, golden. Habitat, Virginia. Very like the pre-

ceding {sycophanta) . Thorax violaceous, with rounded margin, somewhat reflexed,

golden. Margin of elytra golden. Abdomen green, spotted with gold. It varies

sometimes in having abdomen entirely violaceous.

EARLY RECORDS OF THE SPECIES.

This species was originally described by Fabricius in 1775 and
the type specimen or specimens were from Virginia. The specie.s

was given space under the genus Carabus in this author's other
writings on Coleoptera until 1801, when he placed it in the genus
Calosoma. This species attracted the attention of other early and
prominent writers like Olivier, Latreille, Say, and Dejean. Chapuis
and Candeze in 1855 were the first authors to figure and describe the
larva. Riley, between 1870 and 1880, frequently wrote of the useful-

ness of this species as an enemy of the forest tent caterpillar ( Mala-
cosoma disstria) and cankerworms. Numerous other entomologists
of the United States, Canada, and even some of those of European
countries, have collected and pubUshed many valuable notes on this

important economic species.

DISTRIBUTION.

This species occurs in Alabama, California, Colorado, Connecti-
cut, Delaware, District of Columbia, Florida, Georgia, Illinois,

Indiana, Iowa, Kansas, Kentucky, Maryland, Massachusetts, Michi-
gan, Mississippi, Missouri, Nebraska, New Jersey, New York, North
Carolina, Ohio, Oklahoma, Pennsylvania, Rhode Island, Tennessee,
Texas, and Virginia. It has also been found in Ontario, Canada, and
in Mexico.

COLLECTIONS AND SHIPMENTS.

Through the kindness of Messrs. E. A. Schwarz and H. S. Barber,
of the United States National Museum, many specimens of this

species, along with specimens of C. wilcoxi and C. externuTn, have
been received at the gipsy moth parasite laboratory for study and
experimental work. All of the material shipped by these collectors

1 LeConte, J. L. Notes on the species of Calosoma inhabiting the United States. In Proc. Acad
Nat. Sci. f. 1862, v. 14, p. 52-53, 1863.
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was taken at electric lights in Washington, D. C. One live female was
received from Prof. C. E. Sanborn, Stillwater, Okla., in 1910. Others
were collected by Messre. J. V. Schaffner, jr., at Dover, Mass., A. M.
Wilcox, at Cohasset, Mass., and N. W. Souther, at Onset, Mass.
From 1909 to 1912, 82 males and 98 females were received. Those

collected in Washington, D. C, arrived between May 12 and July 8,

and most of them reached Melrose the last half of May. The Massa-
chusetts specimens were collected in June, 'July, and August.

HABITS OF ADULTS.

In the climbing experiment (PI. Ill) a pair of adults when released

proceeded directly to the base of the tree and then to the top. After
climbing aromid the tree a few times Math great ease and swiftness

the pair were seen in coitu on the side of the trunk.

On June 16, 1911, 7 males and 6 females were released in a green-
house at Brighton, Mass., where Asparagus plumosus is grown. Some
of the beetles were placed upon the asparagus stems and leaves to

ascertain if they could chmb these small and slippery stems. One
female chmbed to the top of one plant which was about 15 feet high,

then continued up the twine, around which the plant grew, about
8 feet farther to where it was fastened, and was then lost to view.
Another adult ascended to the top of a plant and remained on a leaf

for a short time.
May 28, 1909, 24 males and 33 females were placed in a large com-

partment of an outdoor cage to observe their habits of climbing and
feeding. The cage was covered with fly-screen wire and measured
2 by 4 by 8 feet high. Caterpillars were supplied daily for food
and the following notes were secured: •

June 2, Mr. Burgess observed the beetles in the foregoing cage
mitil 9 p. m. It was a moonlight night but the cage was quite dark
as the light was obscured by the laboratory building. At the advent
of darkness the beetles became very lively and ran about on the walls
of the cage. They also flew about in the cage and were more active
than during the day, at which time they usually remained at the top.

Several were noted feeding upon caterpillars on the side of the cage.
They did not appear to hunt the caterpillars as much as did O. syco-
pJiunta but when one crawled by they seized and devoured it greedily.

Tlie beetles would cling to the side of the cage head down and hokl
the caterpillars in their mandibles while feeding and occasionally
carried them about in their jaws for some time before finishing them.
(Fig. 4.) A considerable percentage of the caterpillars were killed

and devoured by the beetles in this cage during the night. After
dark the beetles made a droning noise, probably by moving the wings
rapidly, which was audible for quite a distance from the cage.

Larvae of C. scrutator were observed crawling about in this cage at
various times during the summer. They attacked the largest
cater])illars on the ground but were not seen climbing on the sides.

FOOD OF ADULTS,

These beetles have been reported as f(U'.ding on the following
speries of insects: Cank(!rworms, tent cat(yr])illurs, army woims,
(flihf.mia) KrannxH iiliaria llnrr., (Ahtia,) Alabama anjillicea llhn..,.

"and ( Cacoecia) Arcki/js fervidana Chvin.
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April 1, 1910, the following note was taken from a letter received
from Mr. J. J. Davis: "Several years ago at an electric light at

Urbana, 111., Inoticed
the species Calosoma
scrutator actively en-
gaged in eating the
Jime beetles as they
would light on the
pavement." No at-
tempts were made at
the laboratory to as-

certain thenumber of
different species of in-
sects upon which the
beetles would prey.
Daily feedingrecords
(see Table 2) were
kept of four pairs of
adults received about
the middle of May,
1909, the beetles
being suppHed with
such food as was
most available at
that time. The bee-
tles were offered raw
meat, of which they
partook sparingly
until about May 25,
when the caterpillars

of Malacosoma arrb-

encana had reached
a fair size. The daily

records were then started and continued until the beetles either died
or entered hibernation in the fall.

I'Hm- .

' 'I^^^^B^^I^I

i^^^^^^E

.•.-

Fig. 4.— Calosoma scrutator feeding on a caterpillar in a large cage.
(Original.)

Table 2.

—

Feeding records of four pairs of Calosoma scrutator, 1909.

Pair
No.

Feeding
record
started.

Ceased
feeding.

Malaco-
soma
ameri-
cana,

third to
sixth
stages.

Porthe-
tria dis-

par,
sixth
stage

.

Hyphaih-
triacunea,
third to
sixth
stages.

Total.

1772
1786
1787
1789

May 16
26
23
26

Sept. 241

July 232
273

Sept. 184

315
234
336
277

257
42

138
194

143 715
276
474
56897

IAverage. . 508

1 Female died Aug. 11.
2 Female died Jime 26.

3 Female died July 16.
* Male died Aug. 25.

All the pairs cited above reproduced as is shown in Table 4 ; this

accounts for the enormous amount of food eaten, which averaged 508
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caterpillars per pair. The \vriters believe that the average would be
slightly lower than this if more experiments had been conducted,
especially if some of the females did not oviposit. In two of the
experiments the beetles fed unusually late and the records were
started somewhat earlier than the normal time of activity in New
England. The average feeding period of this species about Wash-
ington, D. C, is probably from May 15 to Sept. 1 or 15, and in New
England from June 1 to Sept. 15.

From a lot of larvae that hatched September 23, 1909, two pairs of

adults issued from cavities at the bottom of jars between November
16 and 21, and immediately came to the surface in search of food.

The beetles were kept in jars of earth in the laboratory at a tem-
perature of about 72° F., during the day. Various living insects

were offered for food and none of them was refused. The feeding

records are given in Table 3.

Table 3. -Feeding records of two pairs of young adults of Calosoma scrutator, fall of
1909.

Pair
No. Insects eaten.

Num-
ber.

Pair
No.

Insects eaten.
Num-
ber.

2857 14

12

29
1

31

77

2558 Full-grown Pontia rapx caterpillars .

.

Full-grown Tenebrio molitor larvae

Total .

22
Full-growTi Carpocapsa pomonella

larv;p
23

Full-growTi Pontia rapoelarvsp
P. rapx pupa
Full-grow-n Tenebrio molilor larvEe . . -

Total 45

1 Females.

On December 15 all the beetles buried themselves in the earth for

hiV^emation and the jars were transferred to the laboratory cellar

where they remained until the following spring. In this experiment
the beetles came to the surface and fed as soon as they entered the
adult stage. Adults of O. sycophanta seldom do this, but remain in

the pupal cavity until the following spring. In feeding, the beetles
showed no preference for the species mentioned in Table 3. These
were supplied because they could be most easily secured.

This record was obtained under laboratory conditions and would
not apply und(,'r natural conditions in New England. It indicates
that lat(; fall emergence of the beetles may take place in the southern
nuigo.

REPRODUCTION.

The largest number of eggs deposited in a single season by one
female was 396. il(!Cords were kept of five pairs that reproduced in
1!)()9 to show th(! number of (!ggs deposited daily by each female.
These records are given in Table 4,
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Table 4.

—

Record of eggs deposited hy five pairs of Calosoma scrutator, 1909.

Date.
Pair
No.
1772.

Pair
Yo.
1786.

Pair
No.
1787.

Pair
No.
1789.

Pair
No.
2704.

Date.
Pair
No.
1772.

Pair
No.
1786.

Pair
No.
1787.

Pair
No.
1789.

Pair
No.
2704.

June 14

17

18
19
20
21

22
23
24
2.5

26
27
28

42
1

18
30
10
42
.57

22
14

11

35
30

June 29
30

July 1

2
3
9
15
16
19

Aug. 1

11

Total.

.

7 52
19
2
11

20
2

"'26'

24

"i"
36
1

1

15
67
40
27
9
2

31

"25"

13

33
19

"19"

3

4

4
138

""es"

"'46'

4

'"siV
17

'"is"
8

11

(0
17

(1) (')

161 84 396 234 177

I Female died. 2 Pemale entered hibernation.

After the females had ceased oviposition at the end of the season
the males in each of the four jars died. They were replaced with
males from the same shipment, but all the females died soon after,

except one (No. 1789) which entered hibernation and again laid eggs
in 1910. This female deposited 26 fertile eggs in 1910 and died during
the summer. Table 4 is inserted to show the duration of oviposition

each year and indicates the large number of eggs sometimes deposited
by a female in a single day.
The total number of fertile eggs deposited by two females in 1910

was 81. There were other females m stock but they did not deposit
eggs. Other beetles received during the first days of June and July,

1911, did not deposit eggs that year.

LONGEVITY.

One female that was received from Washington, D, C, May 18,

1909, lived until July 21, 1910. This adult reproduced in both 1909
and 1910 and a few other specimens lived as long as this female, but
no record was kept concerning reproduction. The age of these beetles

was unknown at the time they were received but most of the speci-

mens lived two years in confinement.
It is probable that the length of life is considerably greater under

natural conditions.
HIBERNATION.

The notes at hand on the hibernation of this species present some
great variations as to the time of entering and emerging. Of the
beetles received in the spring of 1909, those that lived until the fall

entered hibernation between September 8 and October 12. The first

female of this lot emerged May 9, 1910, and one on each of the follow-

ing dates: May 26 and June 4, 12 and 16. One male emerged June
30. The depth of the cavity of only one female could be determined
and this was 1 inch below the surface.

One pair of beetles collected at Onset, Mass., during August, 1909,
reproduced during the latter half of September and entered hiberna-
tion October 8. The female died during the fall or following winter
and the male was unearthed from a cavity 9 inches deep in the hiber-
nation cage June 23 the following summer.
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Two pairs of young stock, reared in the fall of 1909 from the par-
ents cited in the preceding paragraph, entered hibernation on Decem-
ber 16 in jars of earth kept in the laboratory. These jars contain-
ing the pail's were transferred to the laboratory cellar which retains a
temperature of from 30° to 50° F. during the winter. At the advent
of spring these jars were again transferred to a shelf in an outdoor
cage. The beetles hibernated in cavities at the bottom of large bat-
tery jars and could be seen from the outside. The females emerged
July 6 and 11, respectively, and until July 18 the males had not shown
any signs of activity, at which time they were removed from their

cavities and placed on the surface. One of the females died during
the summer of 1910, and the remaining two males and one female re-

entered hibernation September 7 and 13. None of these lived to

emerge in the spring of 1911, but two of the males were found dead,
3 and 8 inches deep in the earth.

It appears from the foregoing notes that one might expect normal
adults of this species in New England to enter hibernation from Sep-
tember 1 to 15 and emerge the following spring from June 1 to 15,

depending entirely upon the season.
The cavities ranged in depth from 1 to 9 inches in loose loam such

as was used in the foregoing experiments.

THE EGG.

[PI. VII, ^.]

The average length of 8 eggs which had been preserved in alcohol was 5 mm.,
and the average width 2.3 mm. The largest egg measured was 5.5 mm. long and
2.5 mm. wide. Fresh eggs of this species appear to be somewhat larger than those of

sycophanta; hence the latter measurements would probably be more correct for fertile

eggs soon after deposition.

The eggs are white, with a faint yellowish tinge, nearly elliptical in form, slightly

tapering toward one end; in fact, they present the same general appearance as those
of sycophanta.

The time in the egg stage varied from 3 to 14 days, the general aver-
age being 6.84 days as secured from a large number deposited in 1909
by several females. The eggs were deposited between June 4 and
July 15. Similar data were secured from the hatching of 81 eggs in

1910, deposited from June 21 and June 24, inclusive. The average
time required for the hatching of this lot was five days. Oviposition
in the latter case took place entirely during the last days in June when
the temperature was more even, and resulted in the development of

the eggs in a shorter time. (PI. VII, B.)

DESCRIPTION OF LARVA.

First 8t/if)e (PI. VIIT, A, B).—Large, robust larva. Average length of 10 specimens,
9.5 mm.; width, 2.5 mm. Caudal appendages of medium length, rather stout. Color
very dark bro^^'n to black ventral plates light brown.

fiecnwl st/uje ( PI . V 1 1 1 , C' /) j
.—Form similar to that in first stage. Average length of

Sspecimena, 10.9 mm.; width, 4.4 mm. Caudal appendages, short, stout, and straight.

Color same a« in first stage.

Tfiird slfuffi (PI. IX A, B).—Very large, robust larva. Average length of 10 speci-
men.H, 25.0 mm.; width, 5.0 mm. Posterior margin of ninth abdominal segment usu-
ally truncate, angles not prolonged . Cauda! appendages straight, very stout near base-
dorsal protuberance short and acute lorrated aoout one-half distance between base and
tip. Cfjlor very dark brown and black, shinin^j. Ventral p]at(!S light brown.
Reddish-brown patch at base of caudal appendages in second and third stages.

Tlif ff)r('going measurements were made from alcoholic specimens,
while those of most other species were made from living material.
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LENGTH OF TIME REQUIRED TO COMPLETE LARVAL STAGES.

The larvae that were reared in June and July, 1909, completed the
first stage in an average of 3 days ; the second in 3 days ; and the third
in about 15 to the date the larvse ceased feeding. The whole active
period of the larvae covers about 21 days for the series reared early in
the season.

For the series that were rea,red in the fall of 1909, 4 days were re-

quired to pass the first stage, 10 days for the second, and 14 for the
third to the date the larvae ceased feeding, making a total of 28 days
for the active feeding period.

The time elapsing between the date the larvae ceased feeding and
the date of pupation was secured from the series reared in the fall of

1909 and seven days were required at a temperature of from 68° to 75°

F. The prepupal stage, Hke the larval stages, is probably shorter in

the summer when the temperature is high and other conditions more
favorable to development.

FOOD CONSUMED BY LARV^.

A large series of individual feeding records of larvae was conducted,
using jelly glasses about two-thirds fuU of earth. Very poor results

were secured with such small containers. All of the larvae in this

series died before pupation. The records of six specimens that
reached maturity before death are given in Table 5 to show the num-
ber of caterpillars destroyed by each.

Table 5.

—

Food eaten by larvx of Calosoma scrutator.

Hatched.
Ceased
feeding.

Malaco-
soma
ameri-
cana,
foiu'th

and fifth

stages.

Porthe-
tria dis-

par, fourth
and sixth
stages.

Grand
total.

1909.

June 22
22
22
22
22
22
22

Average.

1909.

July 9
10
8

21
13
13

14

Total.
6

4

7

6
5
5
7

Total.

28
25
38
33
31
31
22

34

29
45-

39
36
36
29

36

The average number of mostly fuU-grown caterpillars consumed
by each of these larvae was 36. Using larger jars, giving each larva
more freedom, or under natural conditions, the writers believe that
larvae of this species will destroy as many large caterpillars as C.

sycopTianta, which was reported in Bulletin 101 of the Bureau of En-
tomology to destroy an average of 41. The active feeding period of

0. scrutator in this series extended over 21 days, and this would have
been somewhat longer under more satisfactory conditions.

It was proven in 1912 that these larvae consume with equal greed
pupae of Malacosoma americana and Portlietria dispar. One larva
that hatched June 24 of that year consumed 31 pupae of these lepidop-
terous species while other larvae consumed 15 to 18 pupae before be-
coming luU-grown.
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Calosoma scrutator.

yl.—Third-sUige larva, aorsal view, X4. B.—Same, ventral view, XL (Original.)
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HABITS OF LAKV^.

Experiments were tried with larvae of this species in all stages to

secure data on their habits of fmdmg food, using the apparatus showT'

m Plate III.

June 24, 1912, Mr. Dudley began an experiment with two first-

stage larvse. They were placed several times upon the bark of the
tree, as they did not seem to venture there of their own volition.

When this was done they would either faU to the ground or advance
to the nearest loose scale of bark in their path and remain there until

disturbed.

June 26 and 27, the two larvae molted to second stage. They
acted in a similar manner in this stage. They were usually found
buried in the earth in the morning instead of in the food cage at the
top of the tree.

On July 2, one larva died in the second stage and the other molted.
The third-stage larva was put upon the bark of the tree several times
and would climb 6 to 12 inches around or down the tree before falling.

This larva became rather sluggish by July 12 and was removed from
the experiment.

July 16, the junior writer hberated two large third-stage larvse in-

side the circle, and observed their movements at intervals for two
days, after which time they were becoming exhausted from lack of

food. One larva, when placed upon the trunk, ascended 12 inches
before fallhig, which was the best record for distance covered during
the period of the experiment.
These experiments were repeated in 1913 with practically the same

result, except that in one case a first-stage larva after being placed
upon the tree was able to chmb about 4 feet before falling. This is

the best record made by any larva of this species but hardly indicates
that the species commonly chmbs to any marked extent.
The movements of these larvae are very similar in all stages to

those of C. calidum and C.frigidum. It was necessary to remove the
larvae from the experiment at intervals in order for them to feed, in-

dicating that this species must secure food on or near the ground.

COLONY AND CAGE EXPERIMENTS IN GREENHOUSE.

During th(! early spring of 1910 it was necessary to secure lepidop-
torous larvie witli wliich to feed specimens of Calosoma and Carabus
after their emei-gence from hibernation. After much inquiry, a sup-
ply was found in a range of greenhouses at Brighton, Mass. The
proprietor is a wholesale grower of roses, A/^paragus sprengeri, and
Asparfigvfi pluraosufi and his greatest insect pest on aspai-agus is a cut-
worm, jVortua clan/hMina Harr. There are several generations
arjiiuaUy and the proprietor and foreman report that the worms can
be fouful in various stages during most of the year. The proprietor
n-soi-ts to pr)is(jnf'(J bran mash and hand picking to combat the pest.
lie <laijiis an annual loss of S2,500 from tliis insect which includes
•SI,000 expended for hand picking at night and other methods, and
SI ,oOO damage as a result of th(! cutting off of the tender terminals of
the plants, which ch(!cks their growth.
Cutworms collected by the laborers at night were us<h1 to HmhI

Culosf)ma anrl ('arabns. In return for this act of kin(hi(^ss in foiwiinl-
ing Ihcni (hiily to th<^ laboratory during the early spring, an expori-

54880"—Dull. 417—17 3
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ment was started to ascertain if predacious Calosoma could be in-

duced to prey upon the pest.

In June, 1910, five males and three females of this species were
placed in one greenhouse, in a wire cage, 2 by 1|^ by 1^ feet. A number
of asparagus plants were growing in this cage and cutworms were
added from time to time.

On August 17, 1910, three adults were climbing about on the sides

of the cage. No dead beetles had been removed, nor had there been
any reproduction observed by the foreman. The cage was not
visited again by the junior writer until March 21, 1911, when two
males were active, climbing on the sides of the cage. The foreman
stated that the beetles were first active in the cage about February 1,

1911. A dead beetle was removed at that time.

June 16, 1911, the earth in the cage containing the beetles was ex-
amined and three males were found in separate well-made cavities

at the bottom. The walls of one of the cavities was secured unbroken
and the beetles appeared dormant when first disturbed. On this date
these beetles had lived in greenhouse temperatures and conditions for

one year, thoroughly demonstrating their ability to withstand similar

conditions. The foregoing notes show that they do change their

habits somewhat to suit conditions, in being alternately active and
dormant throughout the year. Two males and two females were re-

placed in the cage on this date and further observations were made
for reproduction of the species in 1911. By August 7, one pair had
died and still there was no evidence of reproduction although this

might have taken place and the young larvae escaped through the
meshes of the fly screen unnoticed, but it is rather improbable.
On the same date (June 16, 1911) seven males and six females were

liberated in the beds of Asparagus plumosus in an adjoining house.
Some of these beetles were placed upon the asparagus leaves and on
these they chmbed for a wmle but soon fell to the ground and disap-

peared.
June 29 and August 7, 1911, the colony was visited to ascertain if

the beetles were reproducing, but no evidence was secured. Neither
Mr. Harbeson nor the laborers had seen any of the beetles since they
were liberated save one dead specimen that was found about June 25.

At this time the men were finding both adults and small cutworms of

N. clandestina.

June 6, 1912, 3 males and 6 females that had just been received
from Washington, D.C.,were added to the colony, which now totaled
10 males and 12 females liberated. The colony was visited several
times during the year, namely, February 3, April 8, May 29, June 6,

and September 25, and examinations m.ade,but therewas no evidence
that tlie beetles reproduced.
Although reproduction was not noted with any of the beetles in

the greenhouse up to the end of 1912, larvae might have been present
in small numbers.

It is not strange that it did not occur or was unnoticed with so
few beetles in a large greenhouse. It is demonstrated in the follow-
ing paragraph that adults of this species feed upon cutworms during
the night when the latter come to the surface of the earth to obtain
food, and the writers stiU have hope that this species may prove a

beneficial enemy of cutworms under these conditions. In this case
it was possible for the beetles to escape, as the ventilators and
doors were frequently left open.
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EXPERIMENT TO DETERMINE THE RELATIVE AMOUNT OF FOOD DEVOURED BY ADULTS
DURING DAY AND NIGHT.

In connection with the idea of colonizing tliis species in a green-
house where cutworms (Noctua dandestina Harr.) are abundant sev-

eral times in the year, it was thought advisable to secure some infor-

mation on the feeding of this species upon cutworms. Two large

battery jare two-thirds full of earth, each containing one male and
two females, were used for the experiment. In one jar cutworms
were buried in the earth at 5 p. m. and the jar immediately set in a

dark closet until 8 a. m. the following morning when the comit of

devoured and unharmed cutworms was made. All living cutworms
were removed mitil 5 p. m. on this day when they were returned to

the jar with others. In the other jar cutworms were buried at 8
a. m. and the comit of devoured and living was taken at 5 p. m.
They were then removed from this jar until 8 a. m. the following
morning. Green grass was placed on the surface of- the earth in the
jars eacli time to furnish food for the cutworms and the latter were
buried about one and one-half inches below the surface.

The experiment was started June 19 and concluded June 28 because
the supply of food was no longer available. After June 24 the cut-

worms were loft in the jars all the time, but records of feeding were
made at 5 p. m. and 8 a. m. Fifty-seven full-grown cutworms were
devoured by the beetles during the night and four during the day,
or 1-1 times as many were eaten at night as during the daytime. It

is evident from these experiments and other jar records that the
adidts of this species burrow into the ground very little in search'of
food but take the opportunity to seize their prey whenever it is met
(day or night) on or above the surface of the ground. This species

destroys large numbers of cutworms as well as arboreal caterpillars.

THE PUPA.

One male pupa of this species measured 20 mm. long and 8 mm.
wide. No female pupte were secured for observation.

Some, observations were made upon the change and development
of pupie during the faU of 1909. Some of the larvae constructed their

cavities at the bottom of the jars and next to the sides, which made
it comna^ati^ ely easy to observe their daily changes in appearance.
The following notes were secured from a pupa observed at that time:

No. 28S4-A. September 23, lan^a hatched and placed in small jar.

October 'i, lar\a cast first exuvium.
October IC), larva cast second oxuvium.
October 2'-'. larva ceased feeding and sliorl ly after that date i)robal)ly began mak-
ing cavity. It had made tunnels all through the earth at that time.

October 30, lar\a pupated in cavity at bottom of jar.

Pupa f.-reamy white and lay on dorsal side. It was observed daily for changes of

color, but such c-hanges were very gradual.

November 9, elytra changing to slightly violet color. Eyes coidd not be plainly
seen from the outsidr!. Abdom(;n still creamy white.

November 12, bcetl*! i.ssued anrl rcjmaincd in cavily. Jar filled with earth and
transferred to cdlar of laboratory where it was allowed to pass the winter. The
pupal stage required J.'i days in a temperature of from 68° to 75° F.

It is not exp(!cted that pupae mature during the summer in much
shorter time; than was nicjuircd in tli(>, foregoing (!xp(;rim(!nt, namely,
]'') (lays. In the Southern .Staters, wJuini this s])(i(;i(\s is connnonly
found, tlu! pupal st)ig(5 ma}^ p(;ssi]jly be two or three days shorter.
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CALOSOMA WILCOXI Lee.

ORIGINAL DESCRIPTION.

Greenish-bronze, blackish-bronze or bronze above, shining with gold and blue
below; feet steel-blue; thorax much broader than long, gold-margined; elytra deeply
striate, copper margined, spaces between the strise marked transversely, with punc-
tures marked in triple row. Length 0.77 inch, width 0.4 inch.

Habitat, from New York to Texas, very rare. Very much like the preceding
(scrutator), but a thhd smaller, and with thorax a little shorter (and a third narrower),
less rounded on the sides behind the middle, slightly retracted; striae of elytra less

deeply but distinctly punctate.

EARLY RECORDS OF THE SPECIES.

This species was originally described by LeConte in 1848. In his

description he mentioned that "it occurs rarely from New York to

Texas." In the same year it was listed in his "Descriptive Cata-
logue of the Geodephagous Coleoptera Inhabiting the United States
East of the Rocky Mountains." The description compares this

species with C. scrutator, which it resembles greatly. In 1862 Le Conte
in his "Notes on the species of Calosoma inhabiting the United
States" gives descriptive details for separating wilcoxi from scrutator.

The middle tibia of the male of the former species is nearly straight

while that of the latter is curved. No published references as to the
kind of food sought by these beetles have come to the attention of

the writers, save a note by Dr. W. E. Britton, of Connecticut, in his

"Tenth Report of the State Entomologist, 1910," in which he states

that "Mr. Champlain observed a large ground beetle, Calosoma
wilcoxi Lee, which was very abmidant during the season, feeding upon
canker worms."

DISTRIBUTION.

Specimens of this species have been collected in Arkansas, Cali-

fornia, Connecticut, Delaware, District of Columbia, Georgia, Illinois,

Indiana, Iowa, Kansas, Massachusetts, Michigan, Missouri, Nebraska,
New Jersey, New York, Ohio, and Pennsylvania; also in Ontario,
Canada. There are records of this species in the Southern States only
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from Georgia, but it probably occurs in others of them. The collec-

tion of the California Agricultural Experiment Station contains
specimens from Tulare County of that State, and the species possibly

occm^s rarely in other far Western States.

COLLECTIONS AND SHIPMENTS.

Entomologists in Washington, D. C, about the last of May and the
first of June often observe specimens of C. wilcoxi about electric lights

in fairly large numbers. Mr. Barber forwarded between May 18

and June 7, 1909, 18 males and 31 females. All were alive except
one female. A few other specimens were received from the same
source in 1911 and 1912. The writers have been able to secure the
data set forth in this paper from the parents collected in 1909.

HABITS OF ADULTS.

The habits of this species in the field are little known to the writers,

since they have not had an opportunity to make observations, and
the published records are rather fragmentary with reference to this

subject. To obtain an idea of their habits two females were placed
at the base of the tree (PI. Ill) in the climbing experiment, June 14,

1912. Both of these climbed freely and one of the females was
found at the top of the test tree the following morning and had con-
sumed two large caterpillars of Malacosoma mnericana that were
placed upon it the previous day.

FOOD CONSUMED BY ADULTS.

Of the beetles received in the spring of 1909, five pairs were placed
in battery jars and daily records kept of the amount of food eaten.

(See Table 6.) The first shipment arrived May 13 and the pairs

reserved for feeding and rearing records were offered raw meat Tor a
few days. The beetles partook of this diet rather freely until May 27,

when a sufficient number of M. americana caterpillars of medium size

were secured and substituted.

Table 6.

—

Feeding records of Calosoma wilcoxi.

FIVE PAIRS. 1909.

Pair
No.

Received
from
Wash-
ington,
D.C.

Ceased
feeding.

Fifth and sixth
stage caterpillars.

Total.Mala-
cosoma
ameri-
cana.

Porthe-
tria

dispar.

1791

1792
179:j

1794

179.0

1909.

May 18

18

18

18

18

June 27
22
24

23
17

67
84
61
66
39

67
84

70
67
40

9
1

1
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Table 6.

—

Feeding records of Calosoma wilcoxi—^^Continued.

THREE PAIRS, 1910.

Pair
No.

Emerged
from
hiber-
nation.

Ceased
feeding.

Fifth and sixth
stage caterpillars.

Total.
Mala-
cosoma
ameri-
cana.

Porthe-
tria

dispar.

1791
2 1792
1795

1910.
1 May 26

2 23
26

July 12

11

11

47
114

60

17

17

16

G4
131
76

1 c? Emerged June 4.

2 June 13 and 22, 4 fertile eggs were deposited.

The records in Table 6 are not normal, as the beetles were received
from the South that year. The beetles also ceased feeding early in

the season in 1909, as compared with that date for the same beetles

in 1910. June 23 was the average date in 1909 and July 11 in 1910.
The average number of fifth and sixth stage caterpillars eaten in 1909
was 66, while in 1910 it reached 90, and almost all that were fed in

the latter year were in the sixth sta^e. The average number of large

caterpillars consumed by one pair of beetles in two years was 75 each
year. There was very little reproduction of this species in confine-

ment, and it is reasonable to expect that they might consume even
more food under natural conditions. Ninety caterpillars, such as

were fed in Table 6, should equal approximately 250 caterpillars of

Paleacrita vernata Peck or Alsophila pometaria Harr., the latter of

which is supposed to form the principal diet of this species in the
field. In 1910 the active feeding period of the confined beetles

extended over 46 days.
REPRODUCTION.

Close observations were made upon five pairs of beetles received
May 18, 1909, through the remainder of the season, but none of this

series reproduced that year. Thirteen males and 25 females received
somewhat later were placed in a large Rdey cage with an ample supply
of caterpillars. June 6 one pair was seen in copulation and on June
19 both eggs and larvae were removed from the cage. Newly hatched
larvas were also found June 20 and 22. Seventeen fertile eggs or
larvae was the total output from the whole supply of beetles in 1909,
and these were probably the progeny of the female seen in copulation.

One hundred and sixty-four fertile eggs were deposited in 1910 by
one or some of the 17 females that emerged from hibernation. The
low rate of reproduction, in 1910 at least, was possibly due to the
scarcity of males, since only three males lived to emerge from hiber-

nation with the 17 females in the large cage. This does not entirely

explain the low egg record secured, as no infertile eggs were found.
Females of C. sycophanta commonly deposit large numbers of infertile

eggs when in confinement without a male, and sometimes do this

early in the spring, before their mates have emerged from hibernation.
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LONGEVITY OF ADULTS.

Two of the females collected in 1909 died during the spring and
summer of 1911. Taking it for granted that they were pupae in the

fall of 1908, they must have spent three years in the adult stage. The
males in this same shipment (although they were fewer in number
than the females) lived only two years, but under natural conditions
they probably live as long as the females, as both sexes of C. inquisitor

and C. sycophanta ordinarily attain approximately the same age
before death.

HIBERNATION.

Notes on the hibernating habits of this species are given in Table
7 and the paragraph following.

Table 7.

—

Shoiving dates at which Calosoma wilcoxi entered and emerged from hiber-

nation in 1909, 1910, and 1911.

Xo. Date entered, 1909.

1791 I June 27, 1 male, 1 fe-

male.

1793

1795

22, 1 male, 1 fe-

male.

17, 1 male, 1 fe-

male.

Date emerged, 1910.

Depth
of cav-
ities,

1910.

May 26, 1 female.

June 4, 1 male
May 23, 1 male, 1

female.

•Inches,

June 18, 1 male i.

.

May 26, 1 male, 1

female.

Date entered, 1910.

July 12 1

July 11, 1 male

14, 1 female
died.

11, 1 male, 1

female.
Aug. 3, male died..

Date emerged, 1911.

Male died in cav-
ity.

Female died in
cavity.

Depth
of cav-
ities.

Inches

.

1 Beetles died during the summer.

The average date of entering hibernation in 1909 was June 23 and
in 1910 July 11.. The depth at which this species hibernated in soft
earth ranged from 1 to 6 inches. In 1909 several specimens were
placed in a cage in the laboratory yard, but not all of them emerged
in 1910. This was not thought to be abnormal at that time, as some
ordinarily die during hibernation, but on May 18, 1911, one female
emerged from this same cage. (Fig. 5.) This is an instance where
one specimen remained in hibernation two winters and one summer.

THE EGG.

Twelve newly deposited eggs were white with a faint yellowish tinge, and averaged
3.9 mm. in length and 2 mm. in widtli; in form tliey were ellijjtical, occasionally
somewhat kidney-shaped, and often tapering toward one end.

Most of the eggs were deposited between June 2 and June 22, 1910,
and hatched in ii-om 3 to 12 days. The average time passed hi this

stage by 108 eggs deposited that year was 6.8 days.

BRIEF DESCRIPTION OF LARVA.

First sta/je.—Form wimewhat stf)ut. Average length of 12 specimens, 7.8 mm.;
width, 1.8 mm. Caudal appendagcts of medium longtli, straight. Color l)rowii ahove,
ventral plates light brown.
Second stage.—Fonn stxjuter than in first stage. Average length of six sp(;cim('ns,

12.0 mm.; width, 2.9 mm. Caudal appendages short and stout. Color slightly
UuhU-r than in first stage.

I'fiird stage.— Viynn robust. Average length of six specimens, 22.2 mm.; width,
4.4 mm. Posterior angleH <»f anal w-gment obtuse, not prominent or protruding back-
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ward. Caudal appendages stout at base; dorsal protuberance short, stout, located
two-thirds distance from base to tip. Appendages beyond protuberance slender and
pointed. Color chestnut brown above.

Fig. 5.—Individual hibernation cage that has
been removed from the earth. Arrow shows
where a Calosoma beetle hibernated; enlarge-
ment shows the beetle in the cage. (Burgess.

)

Ventral plates amber. Reddish - brown
patch at base of caudal appendages in
second and third stages.

LENGTH OF TIME TO COMPLETE LARVAL
STAGES.

The duration of each larval
stage was determinea from a few
of the individual records of larvae
in 1910. Itwas found that the first

stage covered on an
average 7 days, the
second 5, and the
third, to the date the
larvae ceased feeding,

14. As is shown in

Table 8 the active
growing period ex-
tends over about 28
days. The larvae

used in these experi-
ments hatched June
9 and were practi-

cally fullgrown about
July 5, or 26 days
after hatching. The

time elapsing between the dates
the larvae ceased feeding and the
dates of pupation proper was not
obtained accurately, but is approxi-
mately about 4 or 5 days.

FOOD CONSUMED BY LARV^.

Daily feedmg records kept from
the date of hatching to the date

the larvae ceased feeding and buried themselves for pupation were
as shown in Table 8.

Table 8.

—

Food eaten by larvse of Calosoma vjilcoxi, 1910.

No. Date
hatched.

Date
ceased
feeding.

Sixth-stage cater-
pillars.

Total.
Malaco-
soma
ameri-
eana.

Porthe-
tria

dispar.

2778-D
2778-E
2778-F
2778-G
2778-H
2778-J

June 9
...do
...do
...do
...do
...do

July 12
2
8

4

1

12

3

7

2

3

8

8

7

9

13

16
9

11

10
16
15

19
17

19
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Only one of the larvae in Table 8 lived to pupate, namelv, 2778-H.
One escaped and the others died after they had become full grown.

Tlie active feeding period of the larvae was from 22 to 33 days, or an
averao-e of 28. The average number of full-grown caterpillars re-

quired for the completion oi their larval stages was 16, and according
to the data obtained they have approximately the same capacity as

those of inquisitor.
HABITS OF LARVA.

Owing to lack of material no experiments, such as were conducted
with C. calidum, C. chinense, and others have been tried to ascertain

whether the larvae of this species are terrestrial or arboreal in their

habits of seeking prey.
THE PUPA.

One female pupa measured 16.5 mm. long and 7.5 mm. wide. No
male pupae were measured.
The one incomplete pupal record secured was from a larva which

hatched June 9, 1910, and ceased feeding July 1. On July 14 the
pupa was found in a cavity at the bottom of the jar, where it had
probably remained eight or nine days, and would have issued in from
three to five days more. This pupa was preserved in alcohol, so no
adult was secured.
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1910. Blatchley, W. S. The Coleoptera or Beetles of Indiana. 1386 p., 590 fig.

Page 47. Short description with notes on occurrence.

1911. Smith, J. B. [Note.] In Ann. Ent. Soc. Amer., v. 4, no. 2, p. 179.

Note on the presence of C. scrutator Fab. and C. unlcoxi Lee. in enormous numbers in southern
New Jersey, one year feeding upon a species of geometrid caterpillar, and the following year neither
beetles nor caterpillars could be found.

CALOSOMA FRIGIDUM Kirby.

ORIGINAL DESCRIPTION.

Frigid Calosoma, black underneath with greenish sides; elytra furrowed with the
furrows punctured; interstices of the furrows elevated with transverse lines impressed,
and a triple series of bilobed obscurely gilded punctiform impressions; margin green-

ish; posterior angles of the prothorax depressed. Length of the body 9J lines. Taken
in Drummond's Island, Canada, by Dr. Bigsby.

Not unlike C. calidum, but longer in proportion and more depressed. Body black,

not glossy above. Head not confluently punctured and wrinkled; mandibles ob-
liquely but less densely wrinkled, and frontal impressions longer than in C. calidum;

prothorax scarcely wider than the head, posterior angles bent downward; elytra

scarcely at all bronzed, lateral margin obscurely green, with the same number of

elevated lines as in C. calidum but in the furrows formed by them is a series of punc-
tures, and the transverse lines are less conspicuous; there is a triple series of puncti-
form impressions, but they are bilobed, smaller, and the gilding is greenish and less

conspicuous; they are also less numerous, there being only seven or eight in the series

next the suture, eight or nine in the intermediate one, and three only towards the
apex in the external one; at the base there is also a pair on each side; the sides of the
body underneath are greenish, punctured and wrinkled.

EARLY RECORDS OF THE SPECIES.

The species was first described by Kirby in 1837. Very little

further attention was given it until 1848 and 1863, when LeConte
included it in his "Descriptive Catalogue and Notes on the Species

of Calosoma Inhabiting the United States." This species, like many
others of its congeners, often attracts the attention of collectors and
is present in most general collections. The senior writer, in 1896, was
the first investigator to rear the species successfully through all its

stages in confuiement, and a continuation of tlie same work was
attempted by himself and the junior writer in 1909 with a fair

measure of success.

DISTRIBUTION.

This species occurs in Connecticut, Georgia, Illinois, Indiana, Iowa,
Maryland, Massachusetts, Michigan, Minnesota, Nebraska, New
Hampshire, New York, Pemisylvania, Texas, and Wisconsin. It

also occurs in Ontario and Quebec, Canada. Undoubtedly this

species has a greater range than that above mentioned but it is more
common in the northern part of the United States and in Canada.

COLLECTIONS AND SHIPMENTS.

From 1909 to 1912 adults and larv» of this species were collected

in the field and brought to the laboratory alive lor biologic study.
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. In 1909 two males and two females were collected near Boston
about April 15. ^li'. R. Wooldridge stated tliat he saw three adults
on June 18, feeding upon caterpillars of P. dispar in Wellesley, Mass.
On July 31 Messrs. Fiske and Burgess, while in Tamworth, Sand-

wich, and North Conway, N, H., investigating the natural enemies
of Heferocampa guttivitta, found upwards of 100 beetles in a small
infested area, and in one square yard of leaf mold collected 12 second
and tliird stage larv?e oi frigidum. The latter were fed and reared
to maturity at the laboratory.

In 1910, 11 males, 7 females, and 2 larvse were received, some of

which were forw^arded by Messrs. P. J, Parrott and H. E. Hodgkiss
of Geneva, N. Y. Mr. Parrott collected these beetles at Geneva,
Gates, and Seneca Castle, where they were found feeding upon cut-
worms (Xylina sp,). One specimen was taken while feeding upon
caterpillars of Euproctis chrysorrhoea at Cape Elizabeth, Me.
In the season oi 1912, 71 males and 38 females were collected and

forwarded to the laboratory between June 1 and June 30. During
these years many specimens were seen in the field but were not
collected. The adults were frequently taken running up and down
the trunks of trees.

HABITS OF ADULTS.

la order to check up the field observations on the climbing habits
of this species an experiment was tried with a pair of adults using the
apparatus shown in Plate III. The beetles climbed to the top of the
tree immediately and with considerable speed. They climbed over
the tree at wiU and were not once seen to fall during the few hours
they were left in the experiment. Adults of this species have fre-

quently been reported as fairly common in certain localities in the
gipsy-moth infested area, especially under burlaps where they were
doing appreciable good in feeding upon the caterpillars. The senior

writer ^ found them common in localities in New Hampshire in 1909,
where they were observed climbing the trees and feeding freely upon
larvte of Hetcrocampa guttivitta.

All indic-ations point to the fact that the adults of this species find

most of their prey on the trees, but the larvse have very different

habits as is pointed out in another part of this paper.

FOOD CONSUMED BY ADULTS.

Feeding records of adults were conducted through 1909, 1910, and
1911, but each year with different pairs, as in all the cases except
one the beetles died before a second year's notes could be secured.
CateipLUars of Malacosoma americana and Porthetria dispar were
offered for food and the. beetles attacked them voraciously. Some
of the beetles were collected in eastern Massachusetts and others

were reared at the laboratory. The records for 1909 and 1910 are

contained in Tabic 9.

' Burgess, A. F., Notes on CaloHoma frigidum Kirby, a native beneficial insect. In Jour. Econ. Ent.
V. 3, no. 2, p. 217-222 (p. 218), 1910.
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Table 9.

—

Feeding records offour pairs of Calosoma frigidum, 1909 and 1910.

Pair No. and
year.

Feeding
racord
started.

Ceased
feeding.

Sixth-stage caterpillars.

Malaco-
soma
ameri-
cana.

Porthe-
tria

dispar.
Total.

2731 (1909) June 20
4a32 (1910) 2
4837 (1910) 4

4838 (1910) 4

Average, 146.

Aug. 20
July 12

13
27

77
92
35
51

153
100
20
57

230
192
55
108

Some of these beetles died and others entered hibernation at the
end of the season.

Pair No. 2731 were collected in eastern Massachusetts during June,
1909, and reproduced in the jar that year. Thirty-seven fertile eggs
were deposited by the female—a reason for the large amount of food
eaten. None of the other females, all of which were pup^e of the
fall of 1909, reproduced, consequently less food was required.

The records in no case were started, as soon as the beetles emerged
from hibernation, as some were collected in the field and the young
stock that emerged in cages were retained until mates could be
secured from the field. Unfortunately, record No. 4832, which
promised to reach as high a limit as No. 2731, was discontinued a short
time before the beetles ceased feeding normally. The beetles con-
sumed from 55 to 230 full-grown caterpillars of M. americana and P.
dispar, or an average of 146 to each pair. This average, without
doubt, would have reached approximately 200 caterpillars had aU
the records been continued through the whole season, and if a larger

percentage of the females had been more than one year old.

The beetles referred to in Table 9 emerged from hibernation between
May 20 and June 9 and fed as late as August 20, but most of them
ceased activity during the latter part of July. The active feeding
period, therefore, extends over two to three months.

REPRODUCTION.

T\vo pairs of beetles confined in jars in 1909 were kept under obser-
vation for reproduction. One pair produced 37 eggs between Jmie
21 and June 30. They were seen in copulation on June 24, 27, and
29, and died August 30 and 31 of that year, after having consumed
230 full-grown caterpillars of Malacosoma americana and Portlietria

dispar.

In 1910 six pairs were confined in jars but only one pair repro-

duced. The female deposited eggs June 28 and 29, but only two
hatched. In these experiments were one male and four females that
were reared at the laboratory in 1909, and one of the females, which
was paired with a male collected during the spring, deposited eggs.

One pair of the beetles (pupsB of the summer of 1909) lived until

July 6, 1911, but did not reproduce in 1910 or 1911, nor were they
seen in copulation either year.
During tlie year 1911 five pairs of beetles were under observation

for reproduction. None of these were seen in copulation and only
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one of the five females reproduced. This was one of those collected

durmg the sprmg and it deposited 12 fertile eggs.

One pair of beetles collected June 1 and 7, 1912, was placed imme-
diately m a jar for rearing records. The female began oviposition

June 8 and continued until June 23. One hundred and thirty fertile

eggs were deposited and the female died July 2.

Thirteen pairs of beetles were confined in jars at the laboratory
diu-ing 1909, 1910, and 1911, and only three pairs reproduced. Fifty-

one fertile eggs was the total number secured, or an average of 17 to

each female that deposited. In 1896 ^ the senior author kept one
female m confinement that produced 186 fertUe eggs in one season.

It is probable that most of the beetles collected during the spring and
confined at the laboratory were young stock. It has been demon-
strated and published in Bulletin 101 of the Bureau of Entomology
that Calosoma sycopJianta reproduces very sparingly during the first

year, and the same is evidently true of C.frigidum. From four first-

year females of the latter species in confinement during 1910 only two
fertile eggs were secm"ed.

LONGEVITY.

One pair of adults were collected in eastern Massachusetts about
June 15, 1909. The male died September 2, 1910, and the female
some time later during the same hibernation period. Another male
collected in the spring of 1910 lived until June 21, 1911. The latter

male was paired in a jar with a young female which was a pupa of

the summer of 1909. The young female hved just one year in the
adult stage. Another pair of beetles were pupse of ttie summer of

1909. The male died during the hibernation of 1910-11, but the
female hved until July 6, 1911. None of the beetles cited in the
above instances reproduced while in captivity.

Those beetles that were collected in the field during the spring
were probably pupae the previous summer. On this basis the first

pair of beetles cited lived one or two months over two years. The
one which hved longest of any reared at the laboratory was a female,
which remained alive for about two years. The available records
do not show that this species lives longer than two years, but it is

probable that it lives at least three years in the field.

HIBERNATION.

From the small collection of larvse brought from New Hampshire
August 1, 1909, five adults were reared. The larvae ceased feeding
between August 9 and 13 and then burrowed into the earth in the
cages, where they constructed cavities for pupation. Four of the
cavities formed were from 1 to 2.V inches below the surface, while one
specimen was found 6 inches below. One female emerged May
20, 1910, three females May 26, and one male was dug up June 4.

Two other pairs entered hibernation July 18 and 27, 1910, respec-
tively. One female lived to emerge June 1, 1911, and one male was
dug np June 7. They hibernated f to 2 inches below the surface.

The av(!rage date that old beetles entered hibernation in the sum-
mer of 1910 was July 29, but young adults, which do not brecnl, may

• Burgess, A. F. Notes on certain f:oleopt,Rra known to attack the gipsy moth. In 44th Ann. Rpt.
Mass. Slate Bd. Agr. 1. IWi, p. 412-431 (p. 419;, pi. 3-5.
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enter at a much earlier date. The notes also show that emergence
took place m eastern Massachusetts from May 20 to June 7, and
that the average depth at which the beetles hibernated was 2 inches.

EXPORTATIONS.

June 17, 1912, 10 males and 10 females were packed with damp
sphagnum moss singly m pOl boxes, which were inclosed in a larger

box and forwarded by mail to Mr. E. M. Ehrhorn, supermtendent of

entomology, in the Hawaiian Islands. The adults were fresh speci-

mens, collected in the field just previous to the date of shipment.
Mr. Ehrhorn wrote that only two males and three females arrived
alive, but that those were very active. It was rather difficult to
explam the reason for the death of so many individuals, as the moss
in the boxes was stiU damp on receipt.

Cutworms had been reported as numerous and destructive m the
islands by Mi\ Ehrhorn, and it was thought desirable to attempt to
introduce this species and C. calidum to prey upon these noxious
pests.

THE EGG.

Foui'teen fresh eggs gave the following average measuremeiits: Length, 4 mm.;
width, 1.7 mm. They are yellowish-white, somewhat elliptical in form, and taper
sUghtly toward one end.

The eggs are deposited singly in the earth and hatch in from 4
to 10 days, depending mainly upon the temperature. Two hundred
and sixteen eggs deposited in 1912 by several females between June
8 and 19 hatched, on an average, in about six days.

DESCRIPTION OF LARVA.

The following description of the larval stages was made in 1896 by
the senior author: ^

First larval stage.—^At the time of hatching the young larva is of the same color as

the egg, but gradually grows darker, until in about 10 hours it is of a deep shiniug
brown. After remaining in the canity occupied by the egg for about twenty-four
hours, the larva comes to the surface of the ground in search of food. At this time
the length is 8 mm., including the caudal appendages, which measiire 1 mm.; the,
width at the middle of the first thoracic segment is 1.7 mm., from which point the
body tapers gi'adually to the last segment. The head is large in proportion to the
body, longer than wide, somewhat flattened, and truncate behind. The clypeus
is separated from the epicranium by a well-defined sutiu"e, which extends to the base
of the antennae, dividing the raised portions from which they arise. The front edge
of the clypeus is emarginate, and bears a prominent hair at each anterior angle. Theiie

are also three pairs of hahs situated on the forward part of the clypeus and two pairs

directly between the eyes, one pair being on the clypeus and one on the epicranium.
Antennae setaceous, four jointed and ferruginous. Eyes conspicuous, and situated
in groups of six each, on slight elevations Just behind the antennae. The mandibles
are dark brown in color, long, simple, stout at base, but quite pointed at the tip, the
left mandible often folded over the right. The maxillse and labium are small, ferru-

ginous and provided with well-developed palpi. Prothorax large, as long as the
meso- and meta-thorax, slightly contracted and rounded posteriorly. Mesothorax
slightly rounded posteriorly; metathorax truncate. Lateral edges of the body
segments slightly produced. Dorsal line prominent on all the segments except the
last. On the dorsum of each thoracic segment there are ten short hairs, one on the
anterior part of each lateral margin, one at each angle of the segment and one on each
side of the dorsal line at the anterior and posterior margins. Abdominal segments,
nine in number, with the exception of the last, truncate behind, the last segment

1 Burgess, A. F. Notes on certain Coleoptera known to attack the gipsy moth, /n 44th Ann. Rpt.
Mass. State Bd. Agr. f. 1896, p. 412^31, pi. 3-5.
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being rounded posteriorly and bearing a pair of caudal appendages. Each segment
except the last bears six hairs, one on each lateral margin and two on each side of the
dorsal line at the posterior margin. The last abdominal segment bears a pair of hairs

on each lateral margin, but none on the dorsum. The caudal appendages are entire,

although probably jointed at the base, and bear numerous hairs. The spiracles are
situated just below the dorsal plates. The A'entral portion of the body is of a yellowish
white except the portions which are strengthened by chitinous plates. These are

of the same color as the dorsal part of the body. Legs well-developed, provided with
stout spines which are especially prominent at the joints, the tarsi bearing two claws.

The last body segment bears on the posterior ventral portion an appendage which
serves as a proleg and aids in locomotion. The larva remains in this stage about four

days, ilolting is accomplished by a splitting of the thoracic plates along the dorsal

line; the head, mouth parts and legs are then withdrawn and the exuviae forced

back OA-er the posterior end of the body. The newly molted larVa is of a pale straw
color.

Second stage.—Length, 15 mm. ; width, 3 mm. Form somewhat stouter than in the
preceding stage. Head relatively smaller, flattened, as wide as long; eyes less promi-
nent. Ch^eus deeply emarginate in front and feebly incised at the middle. Anten-
nae and mouth parts relatively the same as in tlie last stage; the body, however, is

of a somewhat paler brown color. All the body segments except the last are trun-

cate behind, and bear a well-defined dorsal line. The first thoracic segment is broad-
est posteriorly and gradually narrows toward the head, but ia not quite as wide as the
two succeeding segments. The hairs are arranged the same as in the first stage,

exce]:)t that two pau's of hahs arise on the lateral edges of each segment up to the last,

which bears only one pair. The caudal appendages are entire but not quite as promi-
nent as in the preA'ious stage, and the legs are a little more slender. The time spent
in this stage A^aries from four to eleven days.

Third stage.—After molting the larva measures 22 mm. in length and 4 mm. in

width, and is of a light mahogany-brown color, which soon changes to a dark seal

brown. The mandibles are stout, and bear a prominent carina. The clypeus is

deeply bilobed in front, the hinder border separated from the epicranium by a some-
what indistinct suture. Prothorax narrowed in front and much wider behind. Caudal
appendages each proAdded with a blunt spine, which is thickened at the base and
ai'ises from the dorsal surface. When full groAvn the larva is A'ery stout, and measures
32 mm. in length, and 6 mm. in width. A detailed description of the full-grown
larA-a follows:

The head is of medium size, slightly flattened and of the same color as the body.
Cl\T)eus somewhat shield shaped. A faint line separates the clypeus from the epi-

cranium and reaches to the base of the mandibles, but does not diAade the raised

portions which bear the antennae. Front edge of clypeus strongly bilobed, each
anterior angle bearing a prominent spine ; top of the clypeus slightly hollowed toward
the dorsal line. The spines are the same in number and arrangement as in the
previous stages. Eyes near base of antennae, not prominent. The antennae are
setaceous, short, four-jointed, and arise from an elevation at the base of the mandibles.
First joint short, cylindrical and naked; second joint nearly twice as long, slightly

claA-ate and bearing a short hair near the middle of the outer margin; third joint a
little shorter than the second, somewhat clavate and having one anterior angle slightly

produced, and bearing three spines, which arise near the outer angles; last joint as

long as the first, nearly cylindrical and bearing three spines at the apex. Mandibles
large, stout at base, Avith a prominent dorsal carina. A strong, simple, blunt tooth
arises near the base. The mandible gradually tapers from the outermost insertion

of this tooth to a somewhat chisel-shaped point. Tlie maxillae are small, ferruginous

in color, and are densely covered Avith hairs and spines. They bear four-jointed,

naked palpi, which are nearly as long as the antennae. The three inner segments of

the maxillary palpus are short, stout, truncate, and of nearly equal length; the term-
inal joint is slightly longer than the two preceding joints, oblong ovate in form and
truncate at the tip. The galea or inner lobe is naked, two-jointed and as long as the
three basal joints of the palpus. I^acinia prominent and bearing a spine at its apex.
Labium small, someAvhat halberd shaped, with numerous spines arranged in an oval
row on the inner sifle. Palpi two-jointed; outer joint the longer and truncate at tip.

The dorsal thoracic 7>Iat,es are large;, and nearly cover the lateral thoracic walls,

while the dorsal ahdominal plates, with the, exception of the last, are smaller, and
allow the lateral walls of the abdomen to protrude. Dorsal line not prominent. Each
abdominal plate; except the last bears, near the post(M-ior margin, a very feeble trans-

verse; carina. Spines are arranged »» in the; precfnling stage. The last scigment is

relatively small, nearly truncaU; behind: the caudal appendages of mo(|(;rate hingth,

and ea^-li bears on the; uf)pf'r Hurffwe; a large, blunt, hornlike protuberance, which is

54880°—J'.ull. 417—17 4
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terminated with a bristle. Numerous other hairs occur on these caudal appendages.
The ventral portion of the body is yellowish white except the parts which are strength-

ened by chitinous plates.

Spiracles seal brown, nine on each side, borne in shallow depressions just below
the lateral edges of the dorsal plate, on the mesothorax and on each abdominal seg-

ment except the last. Those on the abdominal segments are small and circular,

while the thoracic spiracles are decidedly larger and elliptical in outline. Legs
small, very muscular and spiny. Coxse very stout, dark brown; trochanters, femora
and tibiae slender, reddish brown_; tarsi of same color, one jointed and bearing two
simple claws. The anal proleg is slender, tapering and bears a number of short

spines. This appendage serves the double function of acting as an organ of locomotion
and also containing the cavity into which the rectum discharges. General color of

under surface sordid white, varying to light gray, variously marked with light seal-

brown patches. Head and anterior part of prothorax seal brown. Two lateral rows
of elongated markings of similar color extend along the body beneath the spiracles.

The upper row terminates on the penultimate segment, the lower row on the last

segment.
The markings forming the upper row are single and entire on the first two thoracic

segments; on the metathorax there are two spots, the anterior being the smaller.

On the abdominal segments the markings are somewhat circular, two to each segment,
a large orbicular marking being followed posteriorly by a smaller one of similar shape.

The markings composing the lower row are in general elliptical, and occur singly on
the segments stated. On both the meso- and meta-thorax there is a single small
brown spot on the median line. In a corresponding position on each of the following

segments except the last two, and near the anterior margin, there is a large elliptical,

transverse, seal-brown spot. Posterior to this marking on each of the segments men-
tioned there is a transverse row of four small spots of similar color. On the last two
segments the median spot is quite large and somewhat pentagonal in outline. The
transverse row of small spots occiuring on the preceding segments is here absent.

The full-grown specimen measured and referred to in ttie foregoing

description was probably abnormally large, as those measured
recently do not exceed 30 mm. in length. Larvae in this stage have a
reddish-brown patch at the base of the caudal appendages.

THE PUPA.

Following is a description of the pupa:

Length, 18 mm.; width at first abdominal segment, 6.4 mm. Oblong, somewhat
elliptical and flattened. General color of the body pale amber. Head medium,
somewhat flattened in front and strongly depressed beneath the thoracic segments.

Eyes proEoinent, seal brown in color. Antennas and mouth parts free, translucent.

Prothorax broader than long, considerably narrowed behind; mesothorax emarginate
in front and two-thirds as long as the metathorax; all separated by well-defined

sutures. Wing covers translucent and extending beyond the tliird abdominal seg-

ment. Abdominal segments nine in number, the sides of the body protruding beyond
the dorsal portions. The lateral edges of abdominal segments 2 to 6 produced to a
blunt point, within which is a slight depression. Penultimate segment sUghtly de-
pressed ; last segment greatly depressed beneath the body, and bearing on the pos-

terior margin a pair of small anal stylets. Each of the first five abdominal segments
bears a narrow brush of erect brown .hairs, wliich extends two-thirds of the distance
across the segment. The nine pairs of spiracles are light chestnut brown, and are sit-

uated in the same relative position as those of the larva; they are larger, however,
and elliptical in outhne, those on the metathorax being the largest. Legs free,

translucent, and nearly smTounded by the wing covers.

Although a few adults were reared from larvse in 1909, no specific

data were secured on the exact time passed in the pupal stage.

August 2 one full-grown third-stage larva was collected in New
Hampshire and fed until August 9. August 13 it was transferred to
a small fly-screen cage, which was set in the ground, and allowed to

bury up for pupation. October 4 the cage was removed and a young
living female was found in a cavity 6 inches below the surface. The
female was replaced in the same cage in a cavity 2 inches below the
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surface and reset in the ground. May 26, 1910, the female emerged
from the latter cavit}^

Other full-grown larvas were placed in similar cages about the same
time and were not disturbed, but allowed to emerge normally the
following spring. One specimen was unearthed in the fall to make
sure that this species does not hibernate in the larval or pupal stages.

None of the adults reared in 1909 emerged from its cavity as soon as

transformation from the pupa took place, as did C. calidum. The
time spent in this stage varies, being apparently from 10 to 14 days.

TIME REQUIRED TO COMPLETE LARVAL STAGES.

Data secured from larvje in 1909 showed that the first stage covers
a period of from 2 to 5 days or an average of 4 ; the second an average
of 5, and the third 11. The total number of days the larvije are

active and feed is 20, after which time they burrow into the earth
and form the pupal chamber. The time required for this is practically

the same as with other species of the genus studied.

FOOD CONSUMED BY LARV^.

Mention has previously been made concerning the feeding of the
larv?e upon the larv?e and pupse of H. guttivitta in New Hampshire.
Some larvse were brought in from the field in second and tliird stages
and fed to maturity on caterpillars of Porthetria dispar. A few
others that hatched from eggs deposited in breeding jars were fed
until they reached the third stage, when all died, and combinations
were thus compiled from these.

The data obtained from feeding records of these larvae are given in

Table 10.

Table 10.

—

Food eaten by larvse of Calosoma frigidum, 1909.

No. of

lari-a.

Malacosoma ameri-
cana and Por-
thetria dispar
fouri hand sixth
stage caterpillars
eaten during
first larval stage.

Porthetria dispar.

Total.

Sixth-
stage cat-

erpillars

eaten
during
serond
larval
stage.

Sixth-
stage cat-

erpillars

eaten
during
third
larval
stage.

2731-A
27G.5-A

2731-E
276.5-B
2731-H
2765-E

2 6

9 17
3

4

4

13 20
3

11 18

The average number of large-sized caterpillars, mostly sixth-stage
PorthetHa dispar, consumed by a single larva from hatching to ma-
turity was 19, or approximately the same number as was destroyed
by larvse of C. vAlcoxi or 0. iru/uifiitor. Had caterpillars of Hctfrn-
cawyjja f/vttivitta, which arc much smaller, been used, the number ch-
stroyed would urifloubtedly have reached 25 or 30. June 23 and 28
were the dates of hatching of some of the larvfc, and they continued
their activity in and out of the earth in jars for about 20 days.
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Two larvse that hatched June 24, 1912, were fed aknost to maturity
and died July 10 and 11, respectively. They were supplied chiefly

with pupfB of Porthetria dispar, but at the beginning caterpillars of

Malacosoma americana were offered. Six caterpillars and 8 pupss
were consumed by the first larva and 4 caterpillars and 10 pupae by
the second.
Data secured in New Hampshire in 1909 and 1910 on the feeding

habits of the larv» upon Heterocampa guttivitta indicated that the
pupal stage of the latter species furnished the most victims of attack.

The larvffi of frigidum were approaching maturity at the time most
of the caterpillars of Heterocampa guttivitta had entered the pupal
stage in cells under leaf mold. In these cavities the larvae of frigidum
devoured large numbers of them.

HABITS OF THE LARV^.

June 21, 1911, five larvae, which hatched June 20, and some of

which had fed a little, were tested as to their ability to climb. (PI.

III.) Three of them, when placed upon the bark of the tree, clung
to it for a short interval, then crawled into crevices and remained
there. The other two repeatedly fell from the bark as soon as placed
upon it. At 9 a. m., when the experiment was started, caterpillars

were left in a cage at the top of the tree for food. At noon aU the
larvae were on the gromid, running around the circle and attempting
to climb up the tin in an endeavor to escape. On the morning of

June 22 four of the larvae were found in the earth in the circle, but
there was no evidence of any having entered the food cage during
the night. Two of the larvae were again placed upon the bark of

the tree, but fell each time without chmbing. On June 23 there was
no evidence that the larvae had entered the food cage since the pre-
ceding day. June 24 one first-stage larva was again placed upon the
tree, but it showed very little inclination to climb, each time hiding
under the loose scales of the bark and immediately falling when
forced to crawl from under them. June 25 only two first-stage larvae

could be found, after exammation of all the earth, and one of these
was very weak from approaching starvation. Neither had entered
the food cage over night. June 26 one of the larvae that was fomid
in the circle the preceding day was dead and the other was almost
dead. June 27 one other first-stage larva was found in the earth at
the base of the tree, having been overlooked in the search of the two
previous days. It was also very weak and was removed and placed
in a jar of earth and fed, but died later, presumably from the pro-
longed starvation.
Two were lost during the experiment and it is quite probable that

they were devoured by their mates, for the latter lived about six

days without other food. A further test was made with larvae of

this species in aU stages between June 26 and July 6, 1912. They
were left inside the circle during this time with food in the cage at the
top of the tree but they did not climb there to secure it. They were
removed and fed when starvation seemed imminent, or lepidopterous
pupae were left on the surface of the earth in the circle for a brief

period. They were many times placed upon the bark of the tree

but did not crawl in any case more than 6 inches before falling.

Three inches upward was the best progress noted.

i
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The data at hand is rather conchisive that these larvae seemed to

search for their food in, on, or near the ground. Starvation resulted

if the food supply was elsewhere.

Starvation, and to a shght extent cannibalism, among the larvae is,

in the \\Titers' opinion, almost totally responsible for the nonincrease
of the species in the areas infested by the gipsy moth and brown-tail

moth. From the data at hand it also seems probable that frigidttm
does not reproduce as abundantly as some of the other species invest-

gated.

Li the gipsy moth infested area the beetle larvae occasionally find

stray' caterpillars crawling upon the ground, but these, on the whole,
are scarce except in cases where woodland is being stripped and
caterpillars are migrating in search of food. The writers have not
heard or noted C.fngidum as nmnevous in the area above mentioned
as they were in the White Mountain region of New Hampshire in

1909,^ when Heterocampa guttivitta defoliated large areas of beech,
maple, and other woodland growth and when 87 per cent of the
pupae were destroyed by larvae of frigidum in a single year. The
caterpillars of Heterocampa guttivitta furnish more food for frigidum
larvae than those of Porthetria dispar and Euproctis chrysorrlicea,

because the former usually fall or descend to the ground during their

feeding stages. Hence, the species, as a whole, fares much better in a
locahty where Heterocampa guttivitta or other lepidopterous insects
that pupate on the ground are present than where caterpillars or pupae
are present tliat remain in the trees. This, it is believed, explains
why C. frigidum has not increased rapidly and become an important
factor in destroying the gipsy and brown-tail moths.
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CALOSOMA INQUISITOR (L.).

ORIGINAL DESCRIPTION.

[Translation.]

Elytra striate, greenish-bronze: punctures in triple row.
Roland act. Stockls. 1750, p. 292, t. 7, f. 3. Oarabus, winged, greenish-coppery,

punctate and striate concavely, feet and antennae black.

Habitat in trees of Europe, living on larv;^ of Papilio and Phalaenalis.

Elytra golden, with green margin. Thorax, very short.

EARLY RECORDS OF THE SPECIES.

Tliis very interesting species was described by Linnaeus in 1758 as

Oarabus inquisitor. Since that time it has attracted the attention of

many prominent European entomologists, judging from the many
short and unique accomits written about it. Linnaeus, in 1758 and
1761, gave its habitat as Europe, destrojring larvse of Papiho and
Phalsenahs in trees. PaykuU, in 1790, gave a lengthy and compre-
hensive description, giving the habitat as forests and gardens. Pan-
zer, in J. G. Voet's " Beschreibungen mid Abbildungen Hartschaa-
Mgter Lisekten, " Col. Tab. 38, fig. 39, 1793, presents a life-size col-

ored figm"e of the adult. Description and references to the species
are made in 1795 by Ohvier, who says that "* * * it is found
ordinarily on trees, principally oaks, where it catches different insects

on wliich it is nourished.

"

Geoffroy, in 1799, fists what is undoubtedly this species under
Buprestis; and Fabricius, in 1801, the year that Friedrich Weber
estabfished the genus Calosoma, placed this species under the latter
genus. Thomas Marsham, in 1802, fists this species as Buprestis
sycopJianta minor, and P. A. Latreille, in 1804, included it under Calo-
soma, where it has remained mi til the present time. Latreille reported
it as being fomid about Paris but less commonly than O. syco-
pJianta L.
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Dejean, in 1826, reported the species common in Germany and
northern Europe but more rare in France. J. T. Dawson, in 1854,
stated that the species occurred on oaks in different localities in Eng-
hmd and Ireland. The following reference is quoted from J. T. Harris,

pubHshed in 1865-66.^

OccuiTence of Calosoma inquisitor near Burton-on-Trent. In a woodland near
here I was fortunate enough, early in June last, to take about 30 specimens of this

insect and could have taken more. I found several in the sunshine and also, just at

dark, moving about freely on the stems of the oak trees but did not observe many
during the daytime high up on the branches, as described by Mr. F. Plant in "The
Zoologist" some years back. J. T. Harris, 31 Lichfield St., Burton-on-Trent, July 3,

1865.

The larva of this species was first described in 1867 by J. C. Schiodte
in his remarkable work, "De Metamorphosi Eleutheratorum Observa-
tiones.

''

C. Houlbert and E. Monnot, in 1905, published on the species,

describing the adult and giving a short description of the larva.

They named many locahties in central France where the species is

known to occur.
IMPORTATIONS.

All importations of this species in 1906 were forwarded by Miss
Marie Ruhl, Zurich, Switzerland. The exact localities in Europe
where collections were made could not be ascertained, as the speci-

mens were forwarded to her, then repacked and shipped to the gipsy
moth parasite laboratory.

Table 11

—

Importations of Calosoma inquisitorfrom 1906 to 1910.

Year.
Number Received
living. dead.

1906 280 170
1907
1908 1

91
113

1909
1910

4

36

Total... 515 210

The mortality durin^ transit was much greater in 1906 than in

later years. A change m methods of packing and shipping gave bet-
ter results. Most of the living specimens were liberated very soon
after receipt but a few were kept for cage and jar records in order
that closer observations might be made.

HABITS OF ADULTS.

Experiments showed that these beetles are very agile on the trees

and that th;'y prefer running up and down the trees rather than
remaining on the ground. Their favorites hiding place is in the
crotclies of trees. Thes(^ observations bear out those of J. T. Harris
in 1864-65, which are quoted in another part of this paper. This
species hii.s habits similar to C. frif/idum in uU stagers. The adults of

both spcc'ic.H intuitively search for th(>ir prey in trees, finding cater-

pillars that feed upon tlie foliage.

1 1^ Hiblioi;raphy, p. 62.
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Undoubtedly adults of this species fly, but this has not been posi-

tively proved. A few attempts to induce them to do so were made
in 1911, by tossing specimens in the air, but all the beetles dropped
heavily to the ground without spreading their wings. This same sort

of treatment of sycophanta by the junior author resulted in the escape
of a few specimens, these skimming gracefully out of sight.

FOOD CONSUMED BY ADULTS.

The capacity for consumption of food by this species is much less

than that of the larger species, such as scrutator and sycopJianta.

The feeding records of four pairs are given in Table 12.

Table 12.

—

Feeding records of 4 pairs of Calosoma inquisitor, 1910.

Pair
No.

Emerged
from
hiber-
nation.

Fifth and sixth stage caterpillars.

Ceased
feeding. Noctua

clandes-
tina.

Malaco-
soma
amiri-
cana.

For-
fhetria

dispar.
Total.

2706
2720
27211
2722

May 24
20.24

17
24

July 7
19

112
68

124

61

8

13

9
6

120
81
143

67

19
13

10

1 Female reproduced in June.

The average number of large caterpillars consumed by each pair of

beetles in 1909 and 1911 was 50 per year, but this record is too low, as

the experiments were not started until about June 10.

The records secured in 1910 (Table 12) were normal and were
kept consecutively from the date of emergence in the spring to the
date the beetles entered hibernation. Each pair destroyed on an aver-

age 103 large caterpLllars of Malacosoma americana or Porthetria

dispar.
REPRODUCTION.

The first living adults of this species were imported from Europe in

1906, but the few attempts made at rearing the species at that time
were unsuccessful.

June 7, 1909, many living specimens were received, and several

pairs were placed in battery jars for rearing and feeding records, but
no eggs were deposited during that year. In 1910 one female out of

13, of which close records were kept, oviposited, and this female was
received from Europe in 1909. Seventy-nme eggs were deposited be-
tween May 24 and June 10, 1910, which is the largest record for any
female of this species in a smgle year.
One female of the importation of 1909 that did not reproduce that

year or the following deposited 23 fertUe eggs between June 1 and
June 27, 1911, and died July 3. A few other females received in 1910
did not reproduce that year, but did so in 1911.

After reading these notes one can perhaps appreciate the many
disappointments experienced in rearing predacious beetles. Fre-
quently there was no reproduction from females for two successive
years.
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LONGEVITY OF ADULTS.

July 8, 1908, one female was receivea from Europe, and in the fall of

that year was placed in a hibernation cage in the laboratory yard.

There were no males to pair with this female until 1909. As soon as a

shipment was received a mate was given her. The female lived to

enter hibernation in the fall of 1910, but in the spring of 1911 no trace

of her could be found in the cage. The adult mentioned was a larva
in the summer of 1907 or earlier, and therefore lived at least three

years in the adult stage. This female did not reproduce.

One pair of beetles, No. 2720, received from Europe on June 7, 1909,
lived mitil July 3, 1911, when both died. At the time they died the
weather was very hot, the temperature in the jars reaching 107° F.

several times. The female produced 79 fertile eggs in 1910, but none
in 1909 or 1911. These beetles must have been in their first year
when received in 1909, thereby living two winters and three summers
after reacliing Massachusetts. Another female in the same shipment
Hved until July 5, 1911, and did not reproduce during three years.

The origmal mate of this female, received at the same time, lived two
winters and two summers to date of entering hibernation in 1910,
Still another female with an interesting record was received from
Europe on the same date as the preceding, and lived to enter hiberna-
tion in the late summer of 1911, The mates of this female died each
summer, and although she was each time supplied with another she
failed to reproduce. This female died in hibernation during the winter
of 1911-12, having lived more than three years.

HIBERNATION OF ADULTS.

Close observations were made on a series of breeders in 1909, 1910,
and 1911 to obtain the exact dates of their entering and emerging
from hibernation. This varies in different years and with beetles of

different ages, as will be shown by Table 13.

Table 13. -Showing date of entering and emerging from hibernation of Calosoma
iniquisitor during 1909, 1910, and 1911.

No. Sex.
Date

entered,
1909.

Date
emerged,

1910.

Depth
of

cav-
ity,

1910.

Date
entered,

1910.

Date
emerged,

1911.

Depth
of

cav-
ity,

1911.

2706

2720

2721

2722

2723

Male....
Female .

Male....
Female .

Male....
Female .

Male....
Female .

Male....
Female .

June 28
...do....
June 24
...do....
July 8
...do
June 20
...do....
June 23
...do....

May 24

...do
May 20
May 24
May 17
...do....
May 24

...do....
June 16!-

...do8...

Inches.

i?'

1

1

G
16

July 7
...do
July 19
...do
...do....
...do....
July 13
...do
July 2

...do

May 15
...do
...do....
...do....

(*)

June 5 6

Inches.

.......

May 27

« Died in hibernation.
' On surface.
' Unknown.

* Missing.
' Dead.
' Alive; cages dug up before beetles emerged.

The date of entering hib(!rnation in Table 13 is the time the beetles
ceased feeding and ma.'Je caviti(!S in the bottom of the breeding
jars. Tlic b(!ct](!S W(!re transfernul from th(!sc to hilx^rnation cages
us soon as possible, and in (uich case tliey were ()blig(ul to construct
another cavity. One will note from the table that the beetles ceased
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fee 'ing to enter hibernation earlier in 1909 than in 1910, the average
date being June 27 in the former year, and July 1 2 in the latter. Only
one of the females (No. 2723) lived to enter hibernation in the fall of

1911 and tliis one died before the following spring. All the original,

males and females in this series, except female No. 2706, which was re-

ceived in 1908, were received from Europe in the spring of 1909.

Some of the males died later but were replaced with males from more
recent shipments. These beetles may have been collected in Europe
in a locahty where spring opens at an earher date than in New England,
and as a consequence their active feeding season was cut short in

1909. The records of 1910 appear more nearly normal. The writers

suspect that female No. 2723, whose cage was dug up Jiuie 16, 1910,
disclosing the beetle at a depth of 16 inches, might have remained
dormant through that summer until the next spring had she not been
disturbed at that time. The junior author discovered in 1911 that this

habit is pecuhar to a portion of sycopJianta, which gives reason for sus-

picion that this and other species of the genus may have the same habit.

The depths of the cavities of this species range from 1 to 16 inches
but most of them were found from 1 to 4 inches below the surface.

1

COLONIES.

Most of the beetles imported were hberated in suitable localities

soon after receipt ; a very few of this species were kept for study. In
all, five separate colonies have been liberated since 1906. On June 20
of that year :Mr. E. S. G. Titus and :Mr. F.' H. Mosher hberated 80
specimens m woodland which was badly infested by the gipsy moth
in Lynnfield, Mass. On the same date another colony of 87 speci-

mens was placed in the same town about a mile from the first libera-

tion, and on July 7, 20 specimens were released a short distance from
the point where the last-mentioned planting was made. These col-

onies were visited several times during the sunmier of 1906, but no
beetles or larvae were recovered. In 1908 a number of trees in the
center of each of these colonies were burlapped and several examina-
tions were made during the summer, but none of the beetles or their

larvae were found. Numerous exammations have been made since

that time with similar results.

On Jrnie 15, 1909, 27 males and 45 females were released in bacUy
infested woodland in Mehose, Mass., and although several careful

examinations were made that year and in the years following the
species has not been recovered. On June 26, 1911, nine second-stage
larvse of this species that had been reared at the laboratorywere placed
in a cultivated field in Saugus, Mass., where cutworms were abun-
dant. At that time it was anticipated that more inquisitor larvae could
be added to this colony, but owing to a heavy mortahty in the rearing
jars it was impossible to do this. It was desired to see if it was not
possible for this species, particularly the larvse, to develop if Hberated
m surroundings where caterpillars which were terrestrial in habit were
within easy reach. Although several examinations have been made,
no hving specimens of inquisizor have been recovered in this or in the
other colonies that have been liberated. It is probable that the fail-

ure of the beetle larvse to climb explains in part the inability of the
species to become established in this country. It will be noted that
no large colonies were hberated, and this may have made it more diffi-

cult for the species to propagate and develop. Apparently inquisitor



THE GENUS CALOSOMA. 59

is not as hardy a species as sycophanta or the species of Calosoma
native to New England. At any rate the chances of it having become
estabhshed in this country are very small.

THE EGG.

The egg is yellowisli-white, elliptical, usually tapering toward one end. Twelve
fresh eggs gave the following average measurements : Length, 4.3 mm. ; width, 2.4 mm.

Seventy-nine eggs were deposited by one female between May 24
and June 10, 1911, and these required an average of 9.6 days to

hatch. Seventy-one eggs were deposited by six females in 1911

between June 1 and June 27 and averaged 6^ days in the egg stage.

The difference in time noted above was due to the temperature, as

high temperature favors rapid hatching.

BRIEF DESCRIPTION OF LARVA.

First stage.^-Color brownish-black above, ventral plates brownish-gray. Form
slender. Average length of 12 specimens, 8.9 mm.; width, 2.3 mm. Caudal
appendages of medium length, rather slender.

Second stage.—Color brown to dark brown above; ventral plates chestnut brown.
More slender than first stage. Average length of 12 specimens, 12.6 mm.; width,
2.9 mm. Caudal appendages stouter but no longer than in first stage.

Third stage.—Body more robust than in previous stages. Average length of 12

specimens, 21 mm.; width, 4.5 mm. Posterior angles of anal segment acute and
extending backward rather prominently. Caudal appendage stout, almost straight;

dorsal protuberance prominent, erect, located about two-thirds distance from base to

tip. Color same as in second stage. A reddish-brown patch at base of caudal append-
ages in second and third stages.

LENGTH OF TIME REQUIRED TO COMPLETE LARVAL STAGES.

Observations were made on 14 larvae during the summer of 1910
to determine the length of time passed in each stage. The average
for the first stage was 8.6, for the second 6.6, and for the third 8.7

days to the date the larvse ceased feeding. Twenty-four days
covered the active growing period of the larvae. The time passed in

the first stage may appear somewhat long as compared with records
of other .species, but the weather was cool during the first part of

June and retarded the growth and activity of the larvae.

FOOD CONSUMED BY LARV^.

Twenty-two feeding experiments with larvae were started in indi-

vidual jars during the summer of 1910 and from these 14 complete
records were secured, as shown in Table 14.

T.\BLE 14.

Full-grown larvae died.
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Twelve larvae in Table 14 lived to pupate and two died when full

grown. The average date that the larvae hatched was June 4, and
the average date they ceased feeding June 30, so that the active feed-

ing and growing period extended over 26 days. The average num-
ber of fourth to sixth stage caterpillars of Malacosoma americana and
Porthetria dispar caterpillars required by each larva to complete its

growth was 16.
HABITS OF THE LARV^.

Several larvae were tested as to their inchnation and ability to

chmb trees in search of food. (PI. III.)

June 9, 1911, three larvae less than 24 hours old were placed on the
surface of the earth within the tin circle. Two of the larvae were
repeatedly placed upon the bark of the tree, where they crawled for

one or two minutes, in and out of the smallest crevices, and then fell

to the gromid. They did not chmb as much as 2 inches either up
or down the tree before falling.

The experiments were continued until June 30 with first and second
stage larvae and observations made once or twice each day. The
larvae in neither of the two stages were observed at any time attempt-
ing to climb on their own initiative. There was no evidence of their

ever having entered the food cage during the continuation of the
experiment. No third-stage larvae were tested on account of lack of

specimens.
This species in all stages has habits very similar to C. frigidum.

The adults of the latter are commonly found upon trees whereas no
reports have come to us of their larvae having been taken in such
situations. Some bibliographical references and notes made at the
laboratory indicate that adults of C. inquisitor chmb for their food
while their larvae search for it at or near the groimd.

THE PUPA.

One female pupa measured 15 mm. in length and 7 mm. in width,
and 2 females averaged 15.8 mm. in length and 7.3 mm. in width.
Out of 22 feeding records kept in 1910, 7 of the larvae after they

ceased feeding were obliging enough to make cavities for pupation
at the bottom or side of the jars. This made it possible to make notes
on their transformations without disturbing them. In some cases

the prepupae were removed from their cavities and placed upon the
surface of the earth where their metamorphoses could be observed
more easily. Table 15 gives an idea of the dates of the changes
from larvae to pupae and the issuance of adults.

Table 15.

—

Date of hatching and transformations of larvse and pupse of Calosoma
inquisitor, 1910.

No. Date eggs
hatched.

Date
larvae
ceased
feeding.

Date
pupated.

Sex.
Date
adults
issued.

In
pupal
stage.

2721-C
2721-E
2721-G 2

2721-M
2721-P
2721-R
2721-U

1910.
June 1

1

3

3
4

5

5

June 24

27
30

July 6

June 29
...do
June 28

()
0)
Julys
G)
Julys

4

8

Female .

Female .

Female .

Female .

Male
Female .

Male

July 14

19
12

22
16
15

21

Days.
0)
0)
9

(')

(')

11

13

1 Not known. 2 Pupated on surface of earth in jar.
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In the foregoing records the date on which the larvae ceased feeding

and adults issued is given in each case. In three of the records the

date the larvte pupated was ascertained. Six days is the average
time between the dates feeding ceased and pupation took place;

hence if 6 days is added to the date on which feeding ceased in cases

marked "not known" in Table 15, the date of pupation wiU be indi-

cated. After averaging the records in the table in the above-men-
tioned manner it is found that 6 days are required for constructing a
cavity and preparing for pupation and 12 days are spent in the pupal
stage.

STARVATION EXPERIMENT CONDUCTED IN 1911.

May 27, 1911, a pair of beetles emerged from hibernation and were
placed in a jar of earth ^vdthout food to ascertain how long they
would hve. Tlie female died June 8 and the male June 18. The
former Hved 12 and the latter 22 days without food after emerging
from hibernation.

A male reared in 1910 emerged from hibernation May 25, 1911, and
was placed in a jar %\'ithout food. This specimen hved until June 2,

or 8 days after emergence.
It is very evident that beetles less than 1 year old require food

sooner than older specimens. The experiment indicates that in-

quisitor can not survive as long without food as its congener syco-

plianta, a detailed account of which is given in Bulletin 101 of the
Bureau of Entomology.
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1795. Olivier, A. G. Entomologie, ou Ilistoire Naturelle des Insectes, t. 3, no. 35
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CALOSOMA SAYI Dej.

(Syn.: Calosoma armatum Lap.)

ORIGINAL DESCRIPTION.

[Translation.]

Length 25 mm. Eastern and Southern States. Obscurely coppery above; elytra

crenately striate; interstices equal, gi'ooved transversely, punctm'es impressed, cop-
pery-gold and longer than wide, raised, somewhat smooth, in triple row; intermediate
tibiae cui'ved.

DISTRIBUTION.

Tills insect is represented in collections from Alabama, Arkansas,
California, District of Columbia, Florida, Georgia, Illinois, Iowa, Kan-
sas, Louisiana, Maryland, Missouri, New Jersey, New York, North
Carolina, Oklahoma, Pennsylvania, South Carolina, Tennessee, Texas,
and Virginia. It is also kno^vn to occur in Mexico.

COLLECTIONS AND SHIPMENTS.

Through the efforts of Prof. C. E. Sanborn, Stillwater, Okla., Mr.
H. P. Loding, Mobile, Ala., and Mr. H. S. Barber of the Bureau of

Entomology, the following Hving specimens of Calosoma sayi were
received

:
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Table 16.

—

Specimms of Calosoma sayi received in 1910 and 1912.

63

Date received.

Number of speci-
mens.

Locality in which
collected.

Collector.

Male. Female.

Mav 26,1910
June 19.1910
July 12,1910
July 14,1910
May 28,1910

1 Washington, D.C....
Stillwater, Okla
Mobile, Ala

H. S. Barber.
C. E. Sanborn.
H. P. Loding.
H. P. Loding.
H. S. Barber.

1

1

-I

1 2
2

1 Washington, D C

Total 6 6

1 One female was dead on receipt.

Mr, H, P. Loding, Mobile, Ala., under date of April 8, 1910, 'svrote

the senior author tlie following concerning this species:

Oiu" most coiumon Calosoma is C. sayi Dej., which occurs here in some numbers
during the latter part of July. This insect is found frequently around electric lights

in the city and I ha^e also found it preying ui^on caterpillars of A'arious species on
low slnaibbery and herbage.

This gives an idea of the occurrence and habits of the species in

that section,
FOOD CONSUMED BY ADULTS.

Only a few feeding records were attempted and these are incom-
plete because many of the beetles died. A male received from Wash-
ington, D, C, May 26,. and a female from Oklahoma, June 19, 1910,
were fed in a jar from June 20 until July 21 and 23, when both died.

One hundred and twenty-three full-grown caterpillars of Malacosoma
amencaiia and Portlietria dispar were consumed by the pair during
the month they lived.

One female received from Washington, D. C, May 28, 1912, was
fed in a jar until it sought hibernation August 30. Seventy-two
caterpillars of Malacosoma americana, M. disstria, Portlietria dispar,

and Estiijinene acraea, ranging from fourth to sixth stage, were con-
sumed. No eggs were deposited by this female and no male was
available for a mate.

REARING AND HIBERNATION RECORDS, 1910-1912.

iUl the beetles received in 1910 were paired in jars, but neither
copulation nor deposition of eggs followerl, and all died at the end of
that season. Only one female was received in 1912. As no males
of this species were available, three males of C. calidurn were placed
in the jar with the female between June 8 and 13, but neitlier copula-
lion nor reproduction ensued. The female was put into a hibernation
cage August 30 and died lato in the fall.

BIBLIOGRAPHY.

1826. DeJean, le Comte. Species General des Col6opt6res, t. 2, 501 p.
Page 198. Original description of the species.

1831. DeJean, le Comte. Spocios Gf'in^ral des CoViopU-rcB, t. 5, 883 p.
Page .558. Short note on the arching of the mcsothoracic legs of the male.

1877 Poi'E.voE, E. A. A li.st of Kansas Goleoptera. In Trans. Kansas Acad. Sd.
f. 1870, V. 5, p. 21-40.

Page 22. Listed as rare in eastern Kan.sas.
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1881-1884. Bates, H. W. Biologia Centrali-Americana. Insecta Ooleoptera, v. 1,

pt. 1, 316 p., 13 pi.

Pages 21, 262. This species believed by Mr. Gehin, according to Mr. Flohr, to be the same as
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1885. Riley, C. V. Ooleoptera, or beetles which destroy Aletia. In 4th Rpt. U. S.

Ent. Com., p. 95-97, figs. 14-16.

Page 95. Feeds on the cotton vrorm. (Aletia argiUacea), p. 95.

CALOSOMA SYCOPHANTA (L.).

[PI. I.]

ORIGINAL DESCRIPTION.

[Translation.]

Gold-shining, thorax dark blue, elytra golden green, striate, abdomen somewhat
black.

Habitat in Europe.

This is the largest species of the genus in Europe. The head and
antennae are black; the margins of the thorax and elytra golden. The
elytra have 15 crenate striae.

This insect was described by Linnaeus. It is found more or less

commonly in almost all European countries, especially in localities

wher>e lepidopterous larvae are abundant, and is considered one of the
most useful species of this genus on account of its ability to chmb
trees and its capacity for destroying caterpillars and pupae.

.HABITS OF ADULTS.

Extensive investigations have been carried on at the gipsy moth
parasite laboratory, and careful studies have been made to secure

all the information possible concerning the hfe history and habits of

this species.*

Two important facts have recently been secured, namely, that the
beetles may live four or more years, this having been determined by
records secured from specimens reared at the laboratory and kept
under observation for that period. It has also been determined that
the beetles sometimes, and possibly quite frequently, enter hiberna-
tion and do not emerge until the second spring thereafter. Several
careful records showing this peculiar habit have been obtained in the
course of the investigation of this species.

DESCRIPTION OF LARVA.

First stage (PI. X, A, B).—Average length of 12 newly-hatched specimens, from
base of mandibles to po.sterior end of last abdominal segment (not including anal
proleg or caudal appendages), 9.3 mm.; average width at mesothoracic segment,
2 mm.
The anal proleg is usually 1 mm. in length and the caudal appendages are about

twice as long and taper gradually to the tips.

Color jet-black above; legs, antennae, and mouthparts dark mahogany brown.
If placed under a lens the body appears very dark brown, and the legs and mouth-
parts are of a somewhat lighter shade. Joints of antennae, palpi, legs, and underside
of body of a pearly color, except chitinous markings, which are jet-black. General
outline of body fusiform. Antennae longer than mandibles; maxillary palpi nearly
as long as antennae, tapering to tip of last joint; labial palpi stout, last segment cylin-

drical, truncate; prothorax wider than long. Second abdominal segment as wide as

the first, body tapering quite abruptly beyond the 5th abdominal segment. Body

1 Most of the information obtained has already been published in Bulletin 101 of the Bureau of Ento
mology, and the reader is referred to this publication for the principal details of this insect. (See also

Bulletin No. 251, U. S. Department of Agriculture.)
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Bui. 41 7, U. S. Dept, of Agricutture, Plate XI

Calosoma sycophanta.

^.—Third-stage larva, dorsal view, X-1. £.—Same, ventral view, X4. (Original.)



Bui. 417, U. S. Dept. of Agriculture. Plate XII.

Calosoma sycophanta.

Larvifc of CaloHwiia gyci^jjhanta ffiediiitr on Kipsy-moth f:at('rijillars uudur burlap which has been
tunieri up. (Burges.s.)
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..
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provided with rows of lateral and ventr.al spines. Legs spiny. Caudal appendages
bearing a few spines.

Second stage (PL X, C, D).—^Average length, 15.5 mm.; average width, 3.4 mm.
^luch stouter than first-stage larva. Body shining jet-black, mandibles and legs

mahogany brown, mouthparts lighter, nearly honey yellow, dorsum of last abdominal
segment and tip of proleg light brown. Caudal appendages relatively shorter than
in preceding stage, each provided dorsally with a stout but short protuberance on its

inner thii'd. which bears a stout bristle.

Third stage (PI. XI, A, B).—More robust than in previous stage. Average length,
25.8 mm.; average width, 5.7 mm. Body shining black in color; mandibles, legs,

mouthparts, antenna?, and lateral and ventral abdominal markings dark brown.
Prothorax much wider than long, wider behind. Dorsum of last abdominal segment
and anal proleg chestnut brown. Dorsal abdominal plates nearly truncate behind;
lateral margins of each raised and thickened, these margins more prominent on the
last tkree segments. On the penultimate segment each dorso-lateral margin forms
a stout, blunt, overhanging fold, while on the last segment each margin is drawn out
into a stout tooth, pointing backward

.

Median dorsal line prominent on all segments, except the last. Caudal appendages
short, quite erect, with a large, stout, dorsal tooth, and a small lateral tooth, both of

which are provided with spines.

HABITS OF LAKV^.

The larvfe of this species are able to climb trees and are particu-
larly successful in domg so on species that are provided with rough
bark. All the larval stages of this beetle climb skiUfuUy and feed
upon caterpillars or pupse that are resting on the bark (PI. XII).
Lepidopterous pupfe are especially favored as food by these larvae,

and as the gipsy moth is in the pupal stage during the time these

larvae are abundant in the field, the predacious larvae are particu-

larly adapted to destroy them. (PL XIII.)

DESCRIPTION OF PUPA.

Length, 25 mm.; width at first abdominal segment, 12 mm. Color pale yellow.
Head depressed, only a small portion of the pronotum being visible from above.
Dorsal part of thoracic segments smooth, shining. Lateral edges of first abdominal
segment rounded behind. On the second to sixth segments, inclusive, the lateral

edges are thickened, dark brown in color, and protrude slightly over the stigmata.

The former are slightly hollowed out in front and bluntly toothed behind. The
segments following are not thickened laterally. A thick brush of brown hairs is

present on the dorsal part of the first five abdominal segments, as also a smaller one
on the eighth segment; sometimes less prominent ones occtu* on the sixth and seventh
segments. Spiracles somewhat protected by lateral brushes. Mouthparts, antennae,

wings, and legs folded beneath the head. Hind pair of legs extending to the tip of

the abdomen. Wings extending beyond the fourth abdominal segment.

IMPORTATION OF CALOSOMA SYCOPHANTA.

This species has been collected in various European countries and
shipped to Massachusetts for liberation in the field. It attacks the

gipsy moth and many other lepidopterous larvae and pupae and has
now become firmly established over a large part of the area in Massa-
chusetts and New Hampshire that is known to be infested by the

gipsy moth. The species has become so abundant in some of the

miested towns that a large number of specimens have been collected

and liberated in infested towns where the beetles were not known
to occur. Small colonies of this insect have been shipped to New
Mexico, California, and to N(!W Brunswick, Canada, in order to test

the ability of the species to be(;omo establishinl in widely separated

ref^ions where thrj climate and food supply are dissimilar to those pre-

vailing in New England.

54880"—Bull. 417— 17 5 .
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CALOSOMA RETICULATUM (Fab.).

ORIGINAL DESCRIPTION.

[Translation.] >

Winged, blark, flji:ra reticulated, greenish-coppery, margin of thorax greenish.
Habitat in Europe, Mus. Dorn. Zechuck.
Stature and magnitude of C. inquisitor. Head, with antennje, black, ferrugineous

on the last joint. Tliorax blackish, with golden reflexed margin. Elytra very
finely reticulate, green, elduing. Feet black.

EARLY RECORDS OF THE SPECIES.

The species was first dcsrrilx'd in 1 7S7 l)y Fubriciiis as (hrahns
rei'ixul/ituH anrl its habitat fi;iv('ri as Kiii'()j)o. A more detailed descrip-
tion was given by PaykuJl in 1790 under the same genus with a
note as to ttu* scarcity of tlif^ sjx'cics in southern Switzerbi nd. P'abri-

cius, in 1801, gave a further description of tlie species, placing it in
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the genus Caldsoma and noting its occurrence in Germany. Latreille,

in 1804, wrote that the species occurred in Germany, but very
rarely. Gyllenhal pubhshed an account of the species in 1810 and
included a note to the effect that it occurred rarely in southern

Switzerland in shaded places. Dejean, in 1826, recorded it as

occurring in Sweden, North Germany, and Austria, but very rarely

everyv\"here.

AH the information secured on this species from the literature and
from the small numbers forwarded to the laboratory by Miss Marie
Ruhl, Zurich, Switzerland, indicates that it is not common.

IMPORTATIONS.

The first importation of this species was received September 5,

1907, from Miss Ruhl, and contained one male and five females
living and one female that had died en route. In 1908 50 males
and 61 females alive, and 23 males and 15 females dead were received,

and in 1910 a few specimens arrived.

The total receipts for 1907-1910, inclusive, were 172 specimens

—

52 males and 72 females alive and 28 males and 20 females dead.
These notes would indicate that the species is not common in many
localities of Europe, as Miss Ruhl received specimens from collectors

at various points in France, Germany, Switzerland, and possibly

other countries.
HABITS OF ADULTS.

Observations made on the climbing habits of these adults in 1911
revealed the fact that the beetles can climb trees when it is necessary
to obtain food, but they ordinarily secure it on or near the ground
like Calosoma calidum. They climb slowly and awkwardly, but when
on the ground can travel swiftly. It has been proved that both
adults and larvae can and do ascend trees voluntarily, and it is

believed from the meager results secured at the laboratory that
they do this in aU stages when the available food supply on the
ground becomes exhausted.

HIBERNATION.

Four females were put into hibernation cages in the fall of 1907, and
three of these emerged from May 16 to 30, 1908. Sixteen adults
that were fed in jars during the summer of 1908 entered hibernation
from July 30 to August 29 of that year, or an average date of

August 17. Seven of the same beetles emerged the following spring
between May 11 and May 27, or an average date of May 18. The
depth of cavities of a few that entered hibernation in 1910 was
about 1 inch.

One female that was reared in 1910, and issued as an adult July
15, came to the surface and fed until August 3 before entering
hibernation. This female emerged May 15, 1911.

Accurate information as to the depth of cavities was difficult to

secure without disturbing the beetles, but it is probable that they
go deeper than 1 inch in most cases.

FOOD CONSUMED BY ADULTS.

Three pairs of beetles were fed in jars in 1908, but no reproduction
resulted. Each female averaged 11^ small caterpillars per day
from the date of emergence from hibernation to June 23, when

_J
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males were received from Europe and placed in the jars. Fourth to

sixth stage caterpillars of Euproctis clirysorrhcea and Porthetria dispar
were suppUed. After the males were added, June 23, the average
per day for each beetle was two sixth-stage gipsy-moth caterpillars.

Feeding records were kept in 1909 of four pairs of beetles which
were received from Europe in 1908, and the results secured are
indicative that the species is a ravenous caterj)illar hunter, as in one
case a pair destroyed as many or more large caterpillars in a season
than is normally killed by Calosorna scrutator or C. sycoplianta.

Table 17.

—

Feeding record of four pairs of Calosoma reticulatum, 1909.

Pair
Xo.

Feeding
record
Started.

Ceased
feeding.

Malacosoma
americana
thud to
sixth
stages.

Porthetria
dispar,
sixth
stage.

Total.

1504...

150G. .

.

150S...
1593...

iMay 27
May 14
1 June 3
May 15

2 July 2
Aug. 13
2 July 7
2 July 21

159
504
196
297

10
24
18
65

169
528
214
362

I Females fed on steak 8 to 10 days before records were started,
s^ Females died a few days later.

It will be noted from Table 17 that these beetles are voracious
feeders. The average number of caterpillars consumed by each of

the four pairs was 343 for the season of 1909. All of the females
except No. 1508 rej)roduced. The average number of caterpillars

consumed per day during the feeding season for pair No. 1508 was
seven, and the average for the four pairs during the time each fed
was six.

Pair No. 1506 lived to emerge from hibernation in the spring of

1910 and fed until July 2 before the female died. Two hundred and
fourteen fifth and sixth stage caterpillars of Noctua clandestina,

Malacosoma americana, and Portlietria dispar were consumed by the
pair between April 27 and July 2, 1910. The pair reproduced in

1909 and 1910, which accounts for the large amount of food con-
sumed each year.

Two pairs of beetles reared in the laboratory vivarium issued as

adults in July, 1909, and came to the surface of the earth in the jars.

Five sixth-stage caterpillars of Porthetria dispar were consumed by
one pair and 13 by the other. All these beetles died during the
latter part of July and the first half of August of the same year.

This same habit of coming to the surface and feeding almost imme-
diately after issuance as adults has been noted in the case of Calosoma
caliduiiL, but the beetles often died before the following spring.

REPRODUCTION.

Many specimens that were received from Europe in 1908 were kept
in jars and cages for reproduction during the summer, but these did
not reproduce until 1909 and 1910. Four females received in June,
1908, rej)roduccd as follows in 1909: The first female deposited 39
fertile eggs between June 7 and 28 and died July 6; the second, 71

fertile eggs between June 14 and June 27, then ceased feeding and
entered hibernation August 18; the third, 20 fertile eggs between
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June 20 and 25, and died July 10; the fourth, 92 fertile eggs between
June 15 and 30, and died July 28. The total number of larvag that

hatched from eggs of these four females was 222, or an average of

56 for each.

The second female, which deposited 71 fertile eggs in 1909, entered

hibernation late in the summer, emerged the following spring, de-

posited 82 fertile eggs between May 26 and June 30, and died July 2,

1910. This female deposited a total of 153 fertile eggs in two sea-

sons. Copulation was observed with the pair on May 20 and 28
and June 2 of the latter year. The females in some cases lived

longer than the males. A few fertile eggs were also , deposited in

1911 by two females—beetles received from Europe in July, 1910.

One female reared in the vivariiun at the laboratory in 1910, when
placed with an old male in 1911, was observed to copulate, and on
Jmie 3 of that year it deposited one infertile egg before dying.

All the notes secured on the reproduction ot beetles of this species

tend to prove that they ordmarily do not reproduce the summer after

issuing as adults. None of those received from Europe and confined

in jars reproduced until the year following their receipt or later, and
they were in then* first year or older when received. The yomig
female reared at the laboratory that deposited one infertile egg is an
exception as far as the record goes, but this female died almost
immediately thereafter. Most of the beetles passed the first year
under abnormal conditions, as they were deprived of food during the

long voyage to America, and this may m part explam their behavior.

LONGEVITY.

June 23, 1908, a large shipment of beetles was received from
Europe, and eight pairs were confined in jars, while others were liber-

ated in a colony. One pair oi beetles, No. 1506, hibernated success-

fully for two winters and died, the female July 2, 1910, and the male
September 2 of the same year. This pair of beetles were larvse and
piipse m the summer of 1907 or earlier and lived three years or more.
The female produced 71 fertile eggs m 1909 and 82 m 1910. No eggs
were deposited in 1908. Many of the other beetles in this series died
after one or two siunmers at the laboratory and may have been older

when collected. Three years is probably the age limit in the adult
stage for this species.

COLONIES.

June 28, 1908, the junior writer liberated 38 males and 45 females
of this species in a wood lot in Winchester, Mass. An amj^le supply
of caterpillars of Porthetria dispar was available, and the woods
adjomed a market garden, where a greater or less number of cut-
worms were present. The species has not since been recovered,
although occasional visits have been made to secure evidence of its

presence.

In Jime, 1911, a larval colony of 27 specimens in the first and
second stages was liberated in a garden m North Saugus, Mass.,
where cutworms were very abundant. This colony was very small
and no evidence has been secured that the species has -become
established.

The attempts at colonizing this species in eastern Massachusetts
have thus far been unsuccessful. There is a possibUity, however.
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that recoveries may be made mthin a few years. It is believed that
this species would be a valuable adjunct to the North American
famia, and the fact that the larvse climb to some extent adds to their

efficiency as caterpillar destroyers. It is expected that this would
be a more valuable species for estabhshment in New England than
Calosoma auropunctatum, although less is known about the larval

habits of the latter.
THE EGG.

The eggs are yelloTrish white and elliptical in form, tapering toward one end.
Twelve fresh eggs gave the following average measurements: Length, 5.5 mm.;
width, 2.5 mm. The size varies, but they run somewhat larger than those of Calosoma
sycophanta, although the adults average considerably smaller.

Hatchhig data were secui'ed on 89 eggs deposited between dune 3

and 22, 1909, and the time ui the egg stage ranged from 4 to 14 days,
or an average of 10. Similar data were again secured in 1910 for 82
eggs deposited between May 26 and Jmie 30, and the number of days
passed ranged from 5 to 20, or an average of 13. In 1911, 54 eggs
were deposited between May 22 and Jmie 20, the period in the egg
stage ranging from 5 to 12 days, or an average of 8. Most of the eggs
included in the record of 1910 were deposited during the latter part
of ^lay, when the temperature was much lower than for those
deposited in June, 1909. The records secured in 1911 are rather
similar to those of other species studied.

BRIEF DESCRIPTION OF LARVA.

First stage (PI. XIV, A, B).—Of medium size, fusiform. Average length of 12
specimens, 11 mm.; width, 3 mm. Caudal appendages long, straight, tapering
gradually from base to apex, bearing numerous long spines. Color glossy black.
Second stage (PI. XIV, C, D).—Average length of 10 specimens, 18 mm.; width, 3.6

mm. Caudal appendages rather erect, tip curved backward. Color, shining black
above. No reddish-brown patch on dorsum of last segment.

Third stage (PI. XV, A, B).—Robust in form. Average length of 8 specimens,
25.7 mm.; Avidth, 5.3 mm. Caudal appendages short, erect, but slightly curved
downward beyond dorsal protuberance, which is rather short and arises slightly more
than one-half the distance from base to tip. Color shining black dorsally. Ventral
plates dark brown. Xo reddish-brown patch at base of caudal appendages.

TIME REQUIRED TO COMPLETE LARVAL STAGES.

Observations were made on a series of the larvae fed in 1909 and
1910 to ascertain the time required lor the completion of the different

larval stages. From those observed in 1909, which hatched June 21
to 2S, an average of 3 days was required for the first stage, 4 for the
second, and 14 for the third to the time when feeding ceased.
Another small series reared in 1910, which hatched June 13 and 14,

required an average of 6 days for the first stage, 4| for the second,
and 9 for the thin I.

Some of the Inn'sc of the seri(\s of 1909 molted in 2 days after

hatching, wliich is unusual, i\s 4 (hiys is common with most species

of Calosoma.
From 3 to 7 (hiys were passed l^y the larvae in making a cavity

and preparing for pupation. A fair average covenul by this period
i.s 4 f)r 5 days, making the total number passed in the larval stages
25 to 26 days.
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FOOD CONSUMED BY LARV^.

Daily records were kept of a series of larvae reared in 1909 and 1910.

It was observed that the larvae destroy and consume large numbers
of caterpillars m comparison to larvae of Calosoma calidum. Large
caterpillars of Malacosoma americana and Porthetria dispar were
offered for food. A few records follow:

Table 18.

—

Food eaten by larvx of Calosoma reticulahim, 1909, 1910.

No.
Date

hatched.

Date
cea.sed

feeding.

Mala-
cosoma
ameri-

cana cat-
erpillars,

fourth to
sixth
stages.

Porthe-
tria dis-

par cater-
pillars,

sixth
stage.

Total.

1909 1909 1909 1909 1909

1506A
1506B
1506C
1506D
I0O6F
15061

June 21
...do
...do
...do
...do
...do

July 81
14
12
161
121

12

6
8
5
6
7

7

20
31
33
23
29
37

26
39
38
29
36
44

1910 1910 1910 1910 1910

1.506AB
1506AC
1506AD
1506AE
1506AF
1506AG

June 13

...do

...do

...do
June 14

...do

July 51

2
June 30
July 4

51

61

26
25
24
24
25
24

22
29
15
45
35
45

28
84
19
49
40
49

1 Full-grown larva died. 2 All sixth-stage caterpillars.

Very little variation was found between the two series, as an average
of 36 caterpillars was destroyed by 6 specimens fed in 1909 and 37
by the same number in 1910. The larvae in both series continued
their activity and feeding over an average period of 21 days. The
same period is required by larvae of Calosoma calidum.

Three larvae were fed to maturity in 1911 on pupae of Malacosoma
americana after the latter had been stripped from their cocoons, and
when necessary large caterpillars were substituted. Ten pupae were
killed and wholly or partly devoured by the first-stage larvae, nine
pupae and three fifth-stage caterpillars by the second-stage larvae,

and nine pupae and three sixth-stage caterpillars by the third-stage

larvae. Assuming that about the same amount of food was contained
in a large caterpillar as in a pupa, an average of 11 to 12 pupae were
consumed to complete the larval growth.

EUBITS OF LARV^.

During the spring ana summer of 1911 data were collected in an
experimental way to determine the chmbing habits of these larvae.

May 29 six young first-stage larvse were tested (PI. Ill), and one
of them immediately climbed upon the tree to a height of 5 feet, then
fell to the ground. This larva chmbed with considerable ease.

Another specimen ascended 1^ feet before falling. June 5 all the
larvse had molted and made no attempt to chmb of their own voUtion
while they were under observation. They were put upon the bark
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Calosoma reticulatum.

A.—Third-Stage larva, dorsal view, X4. B.—Same, ventral view, X4. (Original.)
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at various times, but did not climb more than 4 or 5 inches. These
larvEe were then removed and others substituted. June 24 two first

and two second stage larvse were tested, and one chmbed 2 feet before
falling. Jime 25 at 8 a. m. one of the second-stage larvae was found
on the bark of the tree 18 inches from the ground, but there were no
signs that it or the others had entered the food cage at the top during
the night.

June 26 a sixth-stage caterpillar of Porthetria dispar was found
devoured in the food cage at the top, evidently by a third-stage larva,

as there was a large hole in one side of the caterpillar where it had
entered. A second-stage larva when placed upon the tree crawled
up 18 niches before faUing.

Jime 27, in the forenoon, a third-stage larva was found on the bark
15 inches from the ground, but it had not entered the food cage during
the night.

June 28, in the forenoon, the same larva was again found on the bark
of the tree 6 inches from the ground.
June 29, in the forenoon, a third-stage larva was found in the food

cage at the top of the tree, and had devoured a sixth-stage caterpillar.

July 3 a second-stage larva was found m the earth at the base of-

the tree, but had entered the food cage at the top during the night
and devoured two sixth-stage caterpillars of Porthetria dispar.

July 4 it was agam noted that the larva had entered the food cage
and devoured another large caterpillar.

July 5 the same operation was again noted except that this time a
part of two caterpiUai^ had been consumed. July 11 the larva died
after growing weaker for two or three days. It had probably been
injured in falling.

These experiments reveal the fact that larvae of this species can and
do cUmb LQ all stages. The first-stage larvae did not quite reach the
food cage at the top while the second and third stage larvae seemed to

have easy ingress and egress. These results compare quite favorably
with the climbing habits of larvae of Calosoma sycopJianta.

CANNIBALISM AMONG LARV^.

An experiment was conducted in the summer of 1909 to find out
how many days after hatching these larvae could be fed together in

jars before planting them in colonies m the field. They were con-
fined in large battery jars about 8 inches deep and 6 inches in diameter
with about 2 inches of earth in the bottom. Caterpillars of Porthetria
dispar were supplied daily with fresh leaves so as to keep them feeding
on the earth and to enable the larvae of Calosoma reticulatum to reach
thern easily. The larvae hatched between June 21 and June 29, 1909,
and were aU removed from the jars, July 1. The results are given in

Table 19.

Table 19.—Extent to uhich larvae of Calosoma reticulatum prey on one another.

Number Per cent Number Per cent
of days alive of days alive
afUir when re- after when re-

hatching. moved. hatching. moved.

Dayn. Days.
11 21 6 4,3

10 2^ S 40

8 20 3 94
7 6
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The results obtained show that the larvae prey upon one another
to a great extent after the thhd day, or about the tmie they enter the

second stage. The same is true with the other species of Calosoma
thus far studied. However, the writers have fed larvae of G. syco-

pJianta on pupae of Portlietria dispar m tliis manner to the end of tlie

second stage without suffering heavy losses from cannibahsm. Pupae
are more desirable than caterpillars for food, as they do not move on
the surface of the earth, whereas caterpillars are continually crawling
about the sides of the jar, where they are out of reach of the beetle

larvae.

THE PUPA.

IFI.XV1,A,B, C]

The average length of three females was 19.2 mm. and the width
7.9 mm. The average length of two males was 16.3 mm. and the
width 7.9 mm.

Adults were reared m the laboratory vivarium in 1909 and 1911,
and data on the time required to complete the pupal stage were
secured each year. Many times the larvae were nob considerate
enough to make their cavities at the side or bottom of the glass jars

in wliich they were confined, so that it was difficult to secure exact
notes on the time of entering and completmg this stage.

One larva, No. 1506-1, ceased feeding July 12, 1909, and buried
itself in the earth for pupation. A female issued July 23. About
5 days were passed in the prepupal stage and 13 days as a true pupa.
One larva. No. 1506-AC, ceased feeding July 2 and pupated about
July 5, but the adult died when emerging, July 17. In this case 3 or
4 days were passed in the prepupal stage and 11 or 12 days as a pupa.
Other data obtained durmg tliose years and in 1911 gave similar

results.
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CALOSOMA ANGULATUM Chev.

ORIGINAL DESCRIPTION.

[Translation.]

So. Calif. Length 27 mm.
Blackish-blue. Head punctate. Thorax black, angled in the middle, marginate

and dark blue on the sides, smooth, punctate at base and apex, with longitudinal line

scarcely impressed. Elytra with 14 ribs, interstices latticed, deeply towards the
humerus, striate-punctate, with three rows of oblong punctures more marked in the
single beetle examined; apex acutely rounded.
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EARLY RECORDS AND DISTRIBUTION OF THE SPECIES.

This species was described by A. Chevrolat in 1834, the type
specimen being taken in southern Cahfomia. The description refers

to 14 ribs or elevations on the elytra. A carefid examination was
made of the specimens in the LeConte collection in the Museum of

Comparative Zoology, Cambridge, Mass., and 16 elevations were
noted in each case. There has been some confusion between Calo-
soma anguLatum Chev. and Calosoma angulatum Lee, but the latter

name was changed to prominens by LeConte. Calosoma angulatum
Chev. has been taken in Arizona, California, and Texas. There is

also a record from Mexico where it probably occurs in many localities,

BIBLIOGRAPHY.

1834. Chevrolat, A. Coleopteres du Mexique. vii p., 211 I. 1834. Strasbourg.
1881-1884. Bates, H.W. BiologiaCentrali-Americana, Insecta. Coleoptera, v.l,pt.

1, 316 pp., 13 pi.

Pages 21 and 262, pi. 2, fig. 12. Habitat notes in several localities of Mexico. "A closely allied but
sufficiently distinct species ( C. angulicolle Chaud.) occurs near Santa Mai'ta, Columbia."

CALOSOMA PEREGRINATOR Guer.

(Syn.: C. car'bonatum,'Lec.)

ORIGINAL DESCRIPTION.

[Translation.)

Body wholly black, almost entirely dull on the dorsal surface, a little shining on the
ventral side. Head small, very heavily granulated with an oblique dimple in front,

near the insertion of the antennae. Thorax transverse, truncate, nearly straight to its

two extremities, angular at each side in, the middle, with the space between the lateral

angle and the anterior margin rounded, with the space between the lateral angle and
the inferior margin rounded; and the space between this same angle and the lower
margin cut off straight. Its disc finely granulate, with the edges more heavily
wrinkled and a feeble longitudinal line sunken in the middle. Shield small, tri-

angular. Elytra very much broader than the thorax at their base, elongate, rounded
anteriorly and posteriorly, nearly parallel in the middle, heavily margined, presenting
some 14 or 15 lines of small sunken dots, gradually disappearing towards the posterior
extremity of the elytra, and three series of distant dots, scarcely visible, without the
aid of the lens. Underside of the body and the feet nearly smooth; some large sunken
dots on the lateral sides of the metathorax and the first abdominal segment, the follow-
ing very finely striate longitudinally to the middle.—L. 0,026; 1. 0,011.
This species is distinguished from all those which have been described by M. Dejean

by reason of its thorax of angular margins. It approaches the character of C. angu-
latum of M. Chevrolat ( Col. du Mex., fasc, 2 mars 1843). But with this latter the elytra
have each fourteen elevations.

EARLY RECORDS OF THE SPECIES.

This species was described by M. Guerin Meneville, in 1844, from
specimens collected in Mexico. He erroneously reduced C. prominens
Ijec. to a synonym of this species. Li 1863 LeConte described a new
species as C. carbomitura, but this was recognized as a synonym of C.

SiT-fgrlruitor Guer. by G. 11. Honi, in. 1 888, and was so publislied ])y Mr.
. W. Bates during the following year.
The writers have studied th(^ descriptions and compared labeled

specimens and have reached the same conclusioji.



76 BULLETIN 417, U. S. DEPARTMENT OF AGEICULTtfUE.

DISTRIBUTION.

Museum specimens indicate that tliis species has been collected at an
altitude of 4,400 to 6,000 feet in New Mexico and Texas, It has also

been taken in Arizona, California, Kansas, and New Mexico, Numer-
ous cases are also on record of the species having been collected in

Mexico.
COLLECTIONS AND SHIPMENTS.

Dr. A. W. MorriU, of Phoenix, Ariz., in the latter part of August,

1912, wrote that both adults and larvae of this species were fairly

common near Prescott, Ariz., and were feeding upon the variegated
cutworm. He foi'warded to the laboratory at the same time one pair

of live adults and four third-stage larvae, two of which were dead on
arrival. Under date of October 8, five pairs of adults, one female
of which was dead, were received from Mr. L. L. Bates, Prescott,

Ariz., an assistant of Dr. Morrill. The beetles were placed in jars of

earth for study.
HABITS OF ADULTS.

One pair of the beetles received October 8 were put at the base of

the tree to test their' ability to climb. (Plate III.) Both beetles

climbed to the top of the tree without urging and remained there until

removal. They were left at the base of the tree in the afternoon and
on the foliowhig morning were again found at the top. The beetles
climb rather slowly in comparison to adults of C. frigidum Kirby, or
sycophanta L., and probably secure most of their food near the ground.

FEEDING RECORDS OF ADULTS.

Beginning October 8, 1912, daily feeding records were kept of two
pairs in the hope that they might reproduce. The jars were kept
inside the laboratory and the beetles remained active until December
2, when the food supply became exhausted. On this latter date the
jars were transferred to the cellar and the beetles entered hibernation
in a few days.

Table 20.

—

Feeding record of two pairs of Calosovia peregrinator, 1912.

Pair
No.

Record
started.

Trans-
ferred

to cellar

for

hiber-
nation.

FuU-
grown
larvae

and pupae
of Pontia'

rapse
and

Plusia
irassicse

con-
sumed.

5867.
5868.

Oct. 8...
...do....

Dec. 2...

...do
334
268

From 10 to 16 full-grown larvae were consumed some days by a
single pair. The average larvae consumed per day for the first pair,
No. 5867, during the feedmg period was 6. The beetles in question
did not reproduce during the fall of 1912. The same pair issued from
hibernation June 8 and had consumed 122 fifth and sixth stage larva?
of Malacosoma americana and Porthetria dispar by July 2 1 . On this
date the male died, and as the female ate very little the record was
discontinued temporarily. On September 10 the female began feed-
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ing ravenously and consumed 48 large larvse of Hyphantria cunea
during the next 19 days.

The records secured are too incomplete to form an accurate idea
of the value of this insect as a destroyer of lepidopterous larvae.

They indicate, however, that under favorable natural conditions it is

an important species.
HraERNATION.

Of the small lot of adults received during the fall of 1912 a few after

feeding for a period entered the earth for hibernation. The jars were
then filled -v^-ith earth and transferred to the laboratory cellar, where
the temperature ranged from 40 to 65° F. during the winter, as it was
thought that this species could not withstand the severe weather
outside. Two pairs were hving when the jars were taken outside in

the spring and could be seen in their cavities. One pair of these
beetles came to the surface for food September 10 and 23, respect-
ively. The other pair was still in cavities in the jar. The male of

the latter jar emerged for food August 31, 1914, the female dying in

its cavity that summer.
REPRODUCTION.

Only one pair of the beetles issued from hibernation in the spring
so as to reproduce at the normal time of other species of the genus.
The female of this pair issued June 8, 1913—the male remaining on
the surface all winter, as the jar where they hibernated was kept in

the cellar. Copulation was observed June 11 and 30. Eggs were
removed from the jar June 28 and 29 and July 3 and 4. Eight larvse

hatched. The male died July 2 1 and the female during hibernation
the following \\4nter.

DESCRIPTION OF LARVA.

First stage.—Robust in form, tapering gradually to anal end. Average length of

five alcoholic specimens, 8.2 mm.; width, 2.1 mm. Caudal appendages rather long

(1.8 mm.), slender, tapering gradually from base to apex, bearing numerous long
spines. Dorsal protuberance indistinct in this stage. .Color brownish-black on the
dorsum, ventral plates grayish-brown. Anterior ventral plates broad in middle and
tapering to a point at each end.

No second-stage larvse were available for description.

Third stage.— ^'ery robust in form, broad. Length of one alcoholic specimen that
had fed to some extent in this stage, 23.5 mm.; width, 6.5 mm. Caudal appen-
dages almost straight, slender, only slightly angled downward beyond dorsal pro-

tuberance. Protuberance short, erect, located more than one-half distance from
base to tip. Color dull to shining black, ventral plates dark brown. Pronotum
nearly square, but rounded on anterior angles. Tergites projecting slightly laterad

in partly fed lar\ie, with posterior angles obtuse, except the seventh and eighth
abdominal, and pointing slightly backward. Posterior angles of seventh, eighth,

and ninth tergites rather acute; angle of ninth very small, not prominent. No
reddish-brown patch on dorsum of anal segment.

NOTES ON LARV/E AND PUP^.

One female pupa measured 20.5 mm. long and 9 mm. wide.
Two live third-stage larvaj were received September 4, 1912. One

died September 5 without feeding and the other consumed the greater
part of a full-grown larva of E.stifjmene acrsea and one of Favilio turnus,

and entered trie earth vSeptember 8. A cavity was formed and pupa-
tion took place September 12 or 13. The pupa was removed to the

top of th(! r-arth for study and although the specimen was not allowed
to df'vclop to the adult stage, it was evident that about 14 days are

spent as a pupa.
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A few larvae hatched from eggs in 1913, but all died in the first and
second stages. Large caterpillars and pup^ oi Porthetria disbar were
offered, and the beetle larvse fed upon them readily.
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CALOSOMA PROMINENS Lee.

ORIGINAL DESCRIPTION.

Black; head very variably punctate, deeply impressed on both sides, thorax much
wider than long, sides angled acutely, with margin scarcely reflexed, narrowed at
base, somewhat rounded, finely wrinkled, punctate at posterior, elytra shining, finely
punctate in rows, punctm'es larger towards the base, interstices scarcely corrugated.
Length 1.3. Dead specimen about Pimas, Calif.

This species was described by Le Conte in 1851 as Calosoma
angulatum, but this name was preoccupied, having been used in

1834 by A. Chevrolat for a very different species of Calosoma from
southern California. LeConte discovered this fact, and in 1853
proposed the name prominens for this species with the angled thorax.
It has been recorded from several localities in Arizona, California, and
New Mexico, and occurs in Mexico.
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CALOSOMA PARVICEPS Casey.

ORIGINAL DESCKIPTION.

Eather stout, with relatively very small head and prothorax, deep black, and
devoid of metallic reflection throughout, the integuments rather shining. Head three-

fifths as wide as the prothorax, evenly and feebly convex, not rugose but finely,

evenly and rather closely punctured, becoming smooth at apex where the lateral

impressions ai'e narrow and veiy deep; labrum dilated and rounded at the sides,

transverse at apex, with a broad and very shallow median sinuation, the surface
transversely impressed; antennje short and ratlier stout, only slightly longer than
the head and prothorax, the thii'd joint fully three times as long as the second. Pro-
thorax moderately transverse, about four-fifths wider than long, widest at the middle
where the sides are obtusely and somewhat bluntly angulate, thence very moderately
convergent and broadly, evenly arcuate to the apex, oblique and straight behind,
becoming slightly sinuate near the base, the latter rather narrower than the apex
and somewhat as in the preceding species; disk broadly and very feebly convex,
polished, feebly wi'inkled, finely and rather sparsely punctate, the punctures be-
coming coarser and subcoalescent at the sides, more numerous in the impressions
near the basal angles; side margins defined by a rather thin, strongly reflexed bead;
median line fine and very feeble. Elytra oblong, scarcely more than one-third longer
than wide, fully twice as wide as the prothorax, only slightly wider at apical third
than at base, the sides very feebly arcuate and very narrowly reflexed ; disk moderately
convex, with scarcely impressed even series of extremely fine punctiu'es, which
become stronger toward base, the intervals there becoming transversely broken by
arcuate impressed lines as in pcregrinator, the thi'ee series of interstitial asperate
punctules very feeble; marginal punctm'es ^^^sible only toward base, the submarginal
asperate punctures rather widely separated and uneven. Legs moderate in length
and quite slender. Length 16.5 mm.; width 7.5 mm.
The anterior tarsi of the male have the first three joints rather feebly dilated and

densely pubescent beneath, the pail of the first joint small and apical; the.liind
trochanters and intermediate legs are not modified. Parviceps also belongs near
peregrinaior, and greatly resembles the preceding species at first glance; it however,
differs in sculpture, structure of the labrum, in its much deeper epistomal impressions,
less trans\'erse prothorax with less rounded side angles, shorter and broader elytra and
in several other minor characters.

This species was described by Col. Thos. L. Casey in 1897.* The
type specimen or specimens were taken in Arizona. The description

compares this species to peregrinator Guer., but it is much smaller
than the latter. The species has also been recorded from San Diego
and San Clemente Island, Cal.

CALOSOMA LUGUBRE Lee.

ORIGINAL DESCRIPTION.

Black, shining, face sparingly punctate, short thorax, with sides much rounded
and er^mewhat angled, truncate at the base, broadly depressed on both sides; with
elytra brf^a^ler than the thorax by one-half, punctate in series, with punctures larger
towards the base and grooves transverse and joining. Length 1.08 inches.

» Casey,T. L. CoIeopt«rological notices. In Ann. N. Y. Acad. Sci., v. 9, p. 285-683 (p. 341-342), 1896-1897.
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EARLY RECORDS OF THE SPECIES.

The writers have been able to find very Httle pubhshed on this

important and interesting species. Le Conte described it in 1853,

but no note was incorporated in the description as to the location

from which it was taken. Prof. L. Bruner, m 1890, noted it with C.

externum partly devouring May beetles which were flying to Ughts in

large numbers. Dr. W. D. Hunter of the Bureau of Entomology
and his assistants have observed large numbers of these beetles in

Texas fljong to Hghts at night during September and October.

DISTRIBUTION.

Collection data at hand show that this species occurs rather
commonly at various times in Texas and Kansas, for it has been
reported from many localities in these States. It has also been
taken in Oklahoma, Nebraska, and New Mexico, and it probably
exists in other States.

COLLECTIONS AND SHIPMENTS.

September 23, 1909, Mr. W. F. Fiske, recently of the Bureau of

Entomology, was in San Antonio, Tex., and observed numerous
specimens flying about electric lights. He collected eight males
and eight females and shipped them to the laboratory, one male and
one female being dead on arrival September 29.

June 19 and July 6, 1910, 15 males and 19 females were received at

the laboratory from Prof . C. E. Sanborn, Stillwater, Okla. August 29
of the same year 1 female was received from Mr. W. M. Orr, Man-
hattan, Kans.

April 26, November 11, and November 13, 1911, a total of 29
males and 47 females was received from Dr. Hunter and Mr. J. D.
Mitchell from Dallas and Victoria, Tex. Between April 18 and 30,
1912, Mr. Mitchell collected and shipped from the latter point 103
males and 71 females.

The beetles were packed singly in pill boxes which were inclosed
in pasteboard or cigar boxes and forwarded by mail. No food was
supplied them en route and they arrived in excellent condition.

These large collections show that the species is common at times in

Texas and Oklahoma. Dr. Hunter on November 1, 1911, wrote
Dr. L. O. Howard to the effect that they were seeing at that time an
abundance of C. lugubre around arc lights at night and that it would
be possible for a man to collect several hundred specimens at electric

lights in an hour's time.

HABITS OF ADULTS.

Observations were made in 1911 and 1912 on the climbing habits
of the adults, using the apparatus shown in Plate III. Adults were
left inside the tin circle and were placed upon the bark of the tree

several times between July 29 and August 2, 1911, and they would
immediately descend. They proved to be rather clumsy and would
fall in most' cases before reaching the base of the tree. When the
cage was visited the beetles were usually found buried in the earth
at the base of the tree.
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Species of Calosoma and their Larv/e.

A.— Calosoma obsoletwn: A du\t. B.— Calosoma haydeni: Adult. C.— Calosoma cancellaium:
Adult. D.— Calosoma obsoletum: Third-stage larva. E.— Calosoma haydeni: Third-stage
larva. F.— Calosoma semilaeve: Third-stage larva. G.— Calosoma cancellatum: Third-
stage larva. A-C, about natural size; D, F, X2}4; E, X23^; Q, X3. (Original.)
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November 14, 1911, 6 males aiid 14 females were liberated in the
beds of Asparagus plumosus in Mr. Elliott's greenhouse, Brighton,
Mass., by the jmiior "s^Titer, and several of these were placed upon
the leaves of the plants. They did not show any ability to climb
the smooth stems of asparagus but merely climg to the leaves for a
few minutes and then dropped. Mr. DucUey, upon liberating adults
in the same place and mider the same conditions, April 19, 21, and
30, 1912, states that several of the adults thoroughly demonstrated
their ability to climb these asparagus stems. The stems twine about
strings arranged for their support in an upright position and some of
the beetles wliich were placed upon them about 5 feet from the ground
ascended 15 feet or more. A few of the beetles climbed to trie top
of these plants and down again without falling.

The data secured on the latter dates seem to indicate that this

species woidd fare well under the conditions that existed in this green-
house, as the cutworms (Noctua clandestina) climb to the top of these
plants at night and feed on the young terminals.

FOOD CONSUMED BY ADULTS.

Some daily feeding experiments were conducted in the laboratory
with adults received from Texas, September 29, 1909, and these gave
interesting results. Such food as larvae and pupge of Hyphantria
cunea, puparia of Varichaeta sp., and larvae of Uarpocapsa pomonella,
Plodia interpunctella, Pontia rapae, and Tenebrio molitor were offered
and were consumed greedily.

Table 21.

—

Feeding record of three pairs of Calosoma lugubre, 1910.

Species of full-grown larvae consumed. First
pair.i

Second
pair. 2

Tliird
pair. 3

Malacosoma a merica na
Porthetria dispar
Estigmene acraea
Hyphantria cunea.

Total

13

115
20
48

196 109

' Male emerged June 30, female emerged June 15; pair ceased feeding Sept. 10.
2 Male emerged June 23, female emerged July 3; pair ceased feeding Aug. 10.
» Male emerged June 30, female was unearthed July 17; record was discontinued Aug. 10.

None of the above beetles reproduced in 1909 but fertile eggs were
secured from the two latter pairs in 1910. All of tliese beetles died
at the end of that year.

Two pail's of adults received from Victoria, Texas, April 26, 1911,
were fed in jars from that date until the female of the first pair died
August 11, and the other ceased fecflirig to enter hibernation at that
time. Both pairs reproduced during the season, which usually
stimulates the feeding activity. The first pair (No. 4764) consumed
44 fuU-grown Noctua clandestina iarysc, 106 sixth-stage Malacosow.a
arnericanri, 121 fourth to sixtli stage Porthetria dispar and 16 full-

grown Esti/fraene acraea catfu-pillars with 6 /*. dispar pupie, making a
total of 293. 'nie second pair (No. 4765) consumed 46 full-grown A^.

clarulestina and 'iO E. acraea larva;; 113 sixth-stage M. americana and
136 fourth to sixth stage P. dispar caterpillars with 43 pupae of the

54880°—Bull. 417—17 6
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latter species, making a total of 368. These two records well demon-
strate tne feeding capacity of this species.

STARVATION OF ADULTS.

April 26, 1911, one pair of beetles was placed in a jar of moist

earth without food to ascertain how long they would live under such
conditions. The male died May 8 and the female May 26, the former

having lived eight days and the latter one month after receipt, in

addition to four or six days in transit, during which time no food was
furnished.

The beetle§ had probably fed before being collected about April

20 and the experiment merely indicates that the species could exist

for a short time until migration could take place if, for any reason,

the food supply became scarce or exhausted in a given locality.

REPRODUCTION.

Several specimens received September 29, 1909, from San Antonio,
Tex., were kept in a warm room and they remained active and fed ; one
pair until December 23. No reproduction was secured with this lot

m. 1909 and two out of three of the females that lived to emerge from
hibernation in 1910 deposited 30 and 36 fertile eggs, respectively.

None of this lot of beetles lived to emerge in the spring of 1911.

One pair of adults received from Victoria, Tex., April 26, 1911,

was placed in a jar for rearing records and between May 24 and
August 11 deposited 141 fertile eggs. This is the highest total for

one female of this species recorded at the laboratory. Another
female received at the same time as the foregoing deposited only 10
fertile eggs between May 31 and Jmie 26, 1911. Sixteen males and
20 females were kept in jars and cages for reproduction in 1911 but
only about 5 of these females reproduced.

LONGEVITY.

Some of the adults that were received from Texas in the fall of

1909 did not die until after entering hibernation in 1910-11. During
the winter of 1909-10 they hibernated successfully in the laboratory
cellar but died the next winter on being forced to hibernate outside.
These adults were pupae in the fall of 1908 or earlier and were slightly

over two years old at the time of death. There is no doubt that they
would live at least three years in a warm climate.

HIBERNATION.

.Beetles received at the laboratory September 29, 1909 (seven
pairs), and kept in a warm room between October 4 and December
23, buried themselves in cavities at the bottom of jars in which they
were fed. After cavities were made the jars were filled with earth
and transferred to the cellar where they remained until spring. The
temperature of the cellar during the winter ordinarily ranged from
40° to 60° F. but on cold nights it dropped below 32°. The following
spring the jars were transferred to outdoor cages. The beetles
emerged between June 15 and July 2 and one male was removed from
a cavity at the bottom of the jar as late as July 6 and a female on
July 17, Most of them went as deep as was possible for hibernation,
as the jars contained only about 4 inches of earth at the time the
beetles entered.



THE GENUS CALOSOMA. 83

Seven males and 11 females received from Texas in 1911 were
placed in outdoor hibernation cages after they ceased feeding in the
fall. From the same lot of beetles three males and jBve females
hibernated in jars in the cellar. None of those put in outdoor cages
hved to emerge in the spring of 1912, while two males of those placed
in the cellar emerged May 10. The dead beetles were unearthed

^ to 6 inches below the surface. The two that emerged from the jars

were at the bottom, or mider 6 inches of earth.

The results of these experiments indicate that this species can not
successfully hibernate under New England conditions.

COLONIES.

In the fall of 1911 and during the spring of 1912 over 150 beetles of

this species were colonized in a florist's greenhouse at Brighton,
Mass. This is the same house in which experiments were conducted
with Calosoma scrutator as an enemy of cutworms. Although many
visits were made it was impossible to determine that reproduction
took place. At the close of the experiment, December, 1912, no evi-

dence was secured to show that this- species can live through one year
mider greenhouse conditions in the North.
No attempts were made to colonize adults of this species in the field

in New England on account of their failure to survive the winter.

Very little is known of their habits in the South and Central West,
but judging from the large numbers collected at various times and
shipped to the laboratory, and what has been learned of their habits,

they must destroy large numbers of lepidopterous larvge that feed on
and near the ground.

THE EGG.

Twelve fresh eggs gave the following average measurements: Length, 4.1 mm.;
width, 1.6 mm. They are of the same elliptical form, ordinarily tapering slightly

toward one end, as are those of other species of the genus. White with a very faint

yellowish tinge.

Notes secured in 191G and 1911 indicated that eggs deposited the
latter part of July and August required four and five days to hatch.

DESCRIPTION OF LARVA.

First stage.—Small, rather stout, tapering abruptly to anal end. Average length of

20 specimens. 7 mm.; width, 1.6 mm. Caudal appendages short, stout, angled about
45° from the body, bearing a few short spines. Color dull black on the dorsum, ventral
plates grayish brown. Lateral and ventral plates bearing numerous short spines.

Second stage.—Stout, tapering same as in Hrst stage. Average length of nine speci-

mens, l.'i.2mm.; widtli,.3.l mm. Caudal appendages very short, not erect, curved
downward beyond dorsal protuberance. Dorsal protuberance very short, not promi-
nent, making an angle of 45° with appendages. Color shining black on the dorsum,
ventral plates very dark brown to black.

Third stage. Robust in form. Average length of 12 specimens, 19.5 mm.; width,
4.9 mm. Caudal appendages similar to tliose of second stage but stouter, dorsal

protuberance presenting same aspect, aciib; and located about two-thirds the distance
from ba.se to tip. Color dull to shining black on dorsum, ventral plates dark brown to

black. No reudisli-brown patch on (lorsum of last segment in second and third stages.

TIME REQUIRED TO COMPLETE LARVAL STA(;ES.

The length of time spent in the larval stages varies considerably;
4 to 7 days arc required for the fifst stage, 5 to 7 for the second, and 12

to 15 for the third, to date of pupation; 26 to 30 are required from
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date of hatching to pupation. One larva closely observed in 1912

transformed to the different stages as follows: Eggs hatched June 11

;

time in first stage 3 days; in second, 8 days; in third to date of

pupation, 15 days; a total of 26 days. The larva ceased feeding

July 3 and pupated July 7. Thus 4 days were required in making a

cavity and passing through the prepupal stage.

FOOD CONSUMED BY LARV^.

Eggs of this species hatch so late in the season that it is sometimes
difficult to fuid food for the larvae in New England, as caterpillars

and pupse of Porthetria dispar are not available at that time.

Table 22.

—

Food eaten by larvse- of Calosoma lugubre, 1911.

Varieties of food consumed. 4767-J. 4565-A. 4565-C. 4565-F. 4565-G. 4565-K. 4565-L.

Estigmene acraea larvee, full-grown 7 3

5

1

2

2
4

4

1

1

1

4

3 3 2
4

5
3
1

2

5
2

12
2

3

3

5

7 3
2

9 19

3
5

4

4

1

Total 18 21 17 16 32 26 17

The larvse hatched July 26 and August 6 and ceased feeding

August 25, 26, and 28 and September 1, 2, and 12. Many of the

larvse and pupae fed to them were small, as will be noted from Table
22, but the average number required to complete the growth of each
was 21. Three similar records secured in 1912 averaged about the

same, but larger caterpillars and pupae were suppUed during the time.

HABITS OF LARV^.

Data secured on the chmbing habits of the larvse of this species in

the summer of 1911 gave negative results so far as they went.
Two first-stage larvse were placed in the experiment (PL III) July

27 and 29. Neither attempted to climb the tree volmitarily but one
when placed upon it crawled in and out of the crevices of the bark,
neither ascending nor descending more than 2 inches before falling.

It was again placed in the crotch of a limb and left for the night. It

was found buried in the earth the following morning with no evidence
that it had reached the food cage durmg the night. First-stage larvse

were repeatedly placed upon the tree with similar result.

Experiments with two second-stage larvse indicated that they were
able to climb very little.

August 8 a third-stage larva was placed upon the tree and in eight
mmutes climbed upward 2| feet without stopping, then crawled
under the bark. No further evidence of climbing was secured with
third-stage larvse. The actions of the larvse in all stages were very
similar to those of Calosoma frigidum and G. inquisitor and the indi-
cations are that they search for food on or near the ground.

PUPA.

Adults were reared from larvse in 1911 and 1912 and notes were
secured on the time spent in the pupal stage. From 2 larvse that
pupated September 4 and 12, 1911, 2 males issued as adults in 13
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and 14 days, respectively. In 1912 two larvae pupated July 7 and a
female issued iu seven days and a male in eight after pupation. The
average mean temperature during the time the 1911 pupae were in

that stage, as taken from the Monthly' Meteorological Summary
issued from the United States Department of Agriculture Weather
Bureau Office at Boston, Mass., was 63.5° F., while the average dur-
ing the time the latter pair were pupae in 1912 was 79° F. This
accounts in a measure for the varying length of time spent in this

stage. Seven and eight days are abnormally short pupal periods in
comparison with those of other species of this genus.
The average length of the female pupa is 21.5 mm.; the width,

7.5 mm.; the male pupa is 17 mm. in length and 8.2 mm. in width.
Daily notes were made on the changes in appearance of three pupae

in 1911, and as these varied so little the notes on one (No. 4765-K)
are given

:

August 6. Egg hatched.
September 2. The larva ceased feeding and entered the earth for pupation.
September 12. Creamy white pupa observed in cavity at bottom of jar. Eyes

light brown.
September 15. Eyes Hght brown, appendages and body still creamy white.
September 16. No noticeable change in pupa since the 15th.
September 18. Eyes changing to brownish-black. Aside from that no other notice-

able changes in color of pupa.
September 19. Eyes black. No other definite change noted.
September 21. Eyes black, mandibles and tarsal claws brown. Anal segment of

the abdomen and tibial joints also brown.
September 22. Mandibles brownish black, elytra yellowish brown.
September 23. Eyes and mandibles black, tibiae and tibial joints almost black.

Elytra yellowish brown. Tarsi light brown and claws dark brown.
September 24. Eyes, mandibles, and legs black, last segment of abdomen dark

brown. Head and elytra yellowish brown; other segments of abdomen still light in
color.

September 25. Male adult issued. External skeleton of beetle still soft, but has its

natural color.

Thirteen days were required for completion of the pupal stage, and
the beetle died later after being put into a hibernation cage.

EXPERIMENT TO DETERMINE RELATIVE PROPORTION OF CATERPILLARS CONSUMED
DURING DAY AND NIGHT. 1912.

During the spring of 1912 two jars of adults, each containing two
pairs, were used in this experiment. One jar (No. 5824-A) was sup-
plied with food at 8 a. m. and the count of the number of cutworms
{NoctiuL clandestina) eaten was taken at 5 p. m. and those remaining
were removed until the following morning, when a new supply was
added. Thirty-one full-grown cutworms were eaten during the days
between May 4 and 24. Cutworms were supplied the other jar (No,
5824-B) at 5 p. m., when it was transferred to a dark closet until 8
a. m. The jar was then removed from the closet, the number of
cutworms eaten noted, and those remaining were removed until 5

p. m. This operation was repeated from May 4 to 24, and 64 full-

growni cutworms were consnm(ul during the nights.
Th(! experiment mendy shows that these beetles feed either by day

or by night, }is cin^umstances may require. More cutworms were
consumed by the heretics fed at night tliaji by those f(ul during the
day, but tlie probable reason was that tlie day-i'cicord jar was kept
in the outdoor cage and the weather was quite cool, wliile the other
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jar was kept in a closet in the laboratory at night, where it was much
warmer.

Similar experiments were tried with the larv88 of this species and
it was found that they also feed during both day and night.
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CALOSOMA PALMERI Horn.

ORIGINAL DESCRIPTION.

Black, shining. Body feebly winged. Antennae piceous, fourth joint slightly

shorter than the fifth. Mandibles sparsely punctured with coarse and fine punctures
intermixed. Head nearly smooth, with scarcely visible transverse wrinkles and very
minute punctures. Thorax nearly twice as wide as long, base broader than the length
and not emarginate, sides moderately arcuate and converging posteriorly, margin very
narrow, not reflexed, hind angles obtuse, basal impressions moderately deep, median
line very fine; surface extremely finely transversely wrinkled, and with very few
punctures near the basal margin: elytra obovate, humeri broadly rounded, sides

moderately arcuate, disc moderately convex, obsoletely substriate, striae veiy indis-

tinctly punctured, intervals 4-8-12 with very distinct larger punctures. Body be-
neath black, shining, smooth or obsoletely transversely wrinkled. Length .74 inch;
19 mm.
Male.—Anterior tarsi with three joints dilated and pubescent, foiu'th joint glabrous.

Length 19 mm. Guadalupe Island, Cal.

Following this description/ Horn says

:

This species should be referred to the same group with triste, etc. (Group iv., Lee.
Proc. Acad. 1862, p. 53) from all the species of which it differs by the thorax being
narrowed behind and the base narrower at the apex; the elytra are also obovate in
the present species and oblong oval in all the others. The body in Palmeri is feebly
winged, and in the others (except Haydeni) the wings are fully developed. In the
latter species the elytra are connate, and I have been unable to detect traces of wings.
Numerous specimens were collected on Guadalupe Island by Dr. Edward Palmer,

to whom I take great pleasure in dedicating it. Specimens were sent by me to my
friend, M. Aug. Salle, of Paris, who informs me that there is nothing in the fauna of

Mexico with which it may be compared

.

Aside from the locality just mentioned, this species occurs in Cali-

fornia and Mexico.

CALOSOMA TRISTE Lee.

ORIGINAL DESCRIPTION.

Black, elytra very indistinctly striate and punctate, with three rows of larger

impressed punctures.
Habitat: Territory of Missouri.
Ovate, somewhat elongated, with posterior somewhat convex, black. Head punc-

tate anteriorly, minutely rugose posteriorly with impressions lightly marked, arched
posteriorly. Thorax lightly corrugated and ptmctate, with punctures larger towards
the base; emargtaate anteriorly, sides rounded, lightly depressed posteriorly; pos-
terior angles extending below the quite even base; no impressions anteriorly, lightly

1 Horn, G. H. Notes on the coleopterous fauna of Guadalupe Island. In Trans. Amer. Ent. Soc,
V. 5, p. 198-201 (p. 199), 1874-1876.
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marked posteriorly; lines indistiact longitudinally, with basal impressions regular,

deeply punctate. Elytra obsoletely punctate, and striate, with a few transverse

gi'ooves, quite indistinct ; with small shallow punctm-es, also three impressed series

of punctures on the interstices.

Calosom-a iyidistinctum, Say, (which is described by Count Dejean under the name
luxatum) quite agrees, but is larger and elongated. Striae and elytral pita scarcely

conspicuous; moreover the pits of C. indistinctum are blackish-blue.

DISTRIBUTION.

IjeConte publislied tlie foregoing description in 1845, and since that
time the species has been recorded from Arizona, Arkansas, CaUfornia,
Colorado, Kansas, Nebraska, and New Mexico. F. H. Snow reports
having taken specimens at an altitude of 3,750 feet in Cochise County,
Aiiz. The species is known to occur in Mexico.

BIBLIOGRAPHY.
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"

CALOSOMA OBSOLETUM Say.

[PI. xvn, A.]

(Syn.: C. luxatum Dej.)

ORIGINAL DESCRIPTION.

Brownish-black; elytra reticulated and with three series of impressed bluish spots.
Habitat: Arkansas.
Body brownish-black; mandibles rugose and convex on the superior surface; thorax

obtu-sely and minutely rugose, impunctured; region of the posterior angle indented;
an abbre\'iated impressed dorsal line; posterior angles rounded, extended backward a
little beyond the basal line; elytra reticulate; longitudinal lines slightly impressed,
not more dilated than the transverse ones, which are mostly continuous, their points
of intersection marked by a puncture; three series of impressed bluish or violaceous
obscure spots on each elytron ; lateral margin in a certain light very obscurely purplish.
Length seven-tenths of an inch.

Fomid near the Rocky Mountains.

EARLY RECORDS AND DISTRIBUTION OF THE SPECIES.

This species was first described by Thomas Say in 1823. Dejean, in
1826, described Galosoma luxatuin,, which was later found by Dr. Le-
Conte to be a synonym of Calosoma ohsoletum Say.

It has been collected in the following States : Colorado, " Dakota,"
Kansas, Montana, Nebraska, New Mexico, Texas, and Utah. It has
also been reported from the Nortiiwest Territory in Canada.

COLLECTIONS AND SHIPMENTS.

The data included on this species were secured in New Mexico by
members of tJie scientific staff under the cereal and forage insect in-
vestigations of tliis bureau in connection with the New Mexico range
caterpillar (Ilerrdlevca olimae Ckll.). Mr. D. J. Caffrey planned and
executed many of the experiments and, tlirougli the bite Prof. F. M.
Webster and .Mr. W. U. \V'alt(jn, acting in cliarge, Cereal and Forage
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Insect luvestigations, and ^Ir. V. L. Wildermuth, their notes were

kindly placed at the \mters' cUsposal.

October 11, 1915, tliere were received at Melrose Highlands, Mass.,

11 males and 6 females living and 1 female dead from ]\Ir. Caffrev.

These were shipped from Maxwell, X. Mex. They were inclosed in

jars and offered larvae of P. rapae, upon which some of them actively

fed imtil November 1 before entering liibernation. They are stiU in

hibernation at this writing (April, 1916). Many specimens were col-

lected on the range between May and August, 1913 to 1915, and their

habits studied in connection ^ith the range caterpillar at Koehler,

N. Mex.
FOOD CONSUMED BY ADULTS.

During the summers of 1913 and 1914 adults were collected on the

range and one paii* each inclosed in battery jars containing earth

and^rec^ords kept daily of the amount of caterpillars consumed and
reproductive habits. ' The beetles were very numerous at Raton,

X. Mex., in 1913, and 15 pairs were collected for rearing experiments.

Several pairs fed from July 28 (date collected) until September 4
consumed 75, 65, 61, 57, 56, and 55 Hemileuca oliviae Ckll. larvse, re-

spectively, before being transferred to hibernation cages. The beetles

proved themselves readily predacious on the above species, having
averaged destropng approximately two caterpillars per day during

the period. Those fed in confinement in 1914 devoured H. oliviae

larvae from May 29 to September 5, proving predacious on this spe-

cies tlii'oughout, but only to a shght extent after the middle of August.
After that time the beetles were inactive and spent much of their time
beneath the sm-face of tlie soil.

Both adults and their larvae were observed destroying the pupae of

H. oliviae in their cocoons, but this particular stage of the host insect

was destroyed more commonly by the beetle larvae than by the adults.

REPRODUCTION ANT) HIBERNATION.

The females in confinement and under observation at the laboratory,

i Koehler, X. Mex., during 1914 deposited eggs, beginning the first week
] in Jmie and ceasing about the fii^st week in August. The eggs hatched
1 ^ infromsix to nine days. One female, dm-ing this season, deposited 60
1

*
fertile eggs between June 8 and 17; one, 31; and another, 19. The

] latter female deposited eggs between July 13 and August lo As is

] indicated by these records, the propagating and feeding season of the
i adults and feeding period of the larvae extends over a long season,

( which approximates the gro^^Tng period covered by the larval and
1 pupal stages of H. oliviae.

1 The adults become-more or less inactive after the middle of August
1 to September 1 in the iield and soon seek hibernation in the ground.

Twenty-five beetles under observation, fed in cages in 1913, were
£ transferred to hibernation cages September 4. The last of this lot

t entered the ground October 12. Tlieir fii*st appearance in the field

£ was noted May 26, 1914, indicating the approximate time of first

^ emergence. Those kept in jars containing 5 to 6 inches of loose soil

at Melrose Higlilands, Mass., fall of 1915, descended to bottom of jar

, to make cavities for hibernation.
The maximum length of life of adults of this species has not been

definitely determined, but it is probable that they live two or three
years.



THE GENUS CALOSOMA. 89

FIELD OBSERVATIONS AND ECONOMIC IMPORTANCE.

Ml. C. N. Ainslie of this bureau under date of August 26, 1914,
obserred a number of adults of this species in alfalfa fields infested

by Loxostege sp. at Friend, Nebr. The beetles were moving about
rapidly, so he did not see them feechng. One specimen was taken for

determination.
May 26, 1914, ^ir. T. S. Wilson of this bureau collected the adults

of tliis species on the ranges in New Mexico as early as May 26 in 1914.

During the week of June 10 the specimens were showing up quite

commonly. June 17 Mi'. Caffrey states that the adults were noted to

be present in abundance. Approximately 25 or 30 were seen in one-

half hour. Hemileuca and Malacosoma larvae were abundant in the

vicinity. August 9 several of the beetles were observed on the slopes

of Eagle Tail Mountain, N. Mex.
'Mi. Walton and others observed the beetle larvae feeding upon

caterpillars and pupae of H. oliviae in the field, the beetle larvae seizing

its prey in the usual maimer for Calosoma in general and holding on
until the caterpillar is subdued and a puncture effected with the man-
dibles. The body contents then ooze out in part and the beetle

larva feeds until its appetite is satiated. In one instance, an adult

beetle was noted feeding upon a male Hemileuca moth.
The beetles and their larvae were found in practically aU parts of a

range infested with H. oliviae Ckll. but were noted more commonly
near wooded areas. The adults and larvae were noted feeding on pupae
of //. oliviae through the coarse meshes of the cocoon. These cocoons
and pupae were often located in weeds and grasses from 2 to 6 inches

above ground and the fact that the beetle larvae had found their prey
in these situations indicates their ability to chmb and their impor-
tance as an enemy of such a caterpillar pest.

Mi\ H. F. Wickham conducted some investigations with this spe-

cies along with C. liaydeni Say by supplying both killed and living

grasshoppers along mth H. oliviae larvae as food for the beetles to

determine their preference with reference to accessibihty of same.
The results were similar for each species of beetle and are recorded
under C. liAiydeni Say.

BRIEF DESCRIPTION OF LARVA.

First stage. Rather slender larva. Average length of five newly-hatched speci-

mens that had haen preserved in alcohol, 10 mm.; width, 1.9 mm.; color, black dor-

sally, ventral plates grayish-brown. Ventral plates ordinarily containing one and
two long brown hairs and sometimes other shorter ones. Caudal appendages rather

stout (1.3 mm. longj, slender, projecting obliquely backward.
Secowl stage. Form similar to first stage. Average length of six specimens, 16.6

mm.; width, 3 mm. Caudal appendages bearing short acute protuberance dorsally

beyond middle on each and curving slightly downward beyond these. Dorsum
shining black and ventral plates dark brown in this stage.

Third stage (PI. XVII, D). Rather slender larva. Average length of five almost
mature specimens, 26 mm.; width, 4.6 mm. Caudal appendages rather stout (1.3

mm. long) and erect, curving backward after dorsal protuberance. Appendages
widely .s*iparatwl at base, tapering to a point abnijjtly beyond dorsal protuberance,

which' is lor-ated about Iwo-tliird.s the length of each a|j|)eiidage. ('olor shining black
.above, dark brown below. Ventral plul(;H sparsely clfjtlied with hairs. Anterior

ventral platew 2 to 7, inclu.sive, oval in form, dilat(;d in middle, sometimes notched
po.steriorly in the cf;nter, alw containing a small median keel more prominent near
the po.slerior margin. Posterior angles of anal segment narrow at base, slightly turned
upward into a long blunt point with stout spine at apex. Posterior angles of tergite

of penultimate e^ment projecting backwarcl rather pointedly.
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LARVAL RECORDS.

Many larvae were reared in jelly glasses during 1913 and 1914 by
Mr. D. J. Caffrey at the Koehler, N. Mex. laboratory, and both
larvse and pupse of H. oliviae were consumed by them. Upon ap-
proaching maturity they were transferred to cages for pupation.
Larvse hatcliing June 10 and 16, respectively, remained active and
fed until about July 2 to 10 before entering the ground for pupation.
More Hemileuca larvae are ordinarily destroyed at this season by each
Calosoma larva when they are smaller than when the caterpillars are

approaching maturity.
The average time required to pass the first larval stage was 6 days;

for the second, 6, and for the third to date ceased feeding, 8. Addi-
tional to this, from 3 to 6 days are passed in the prepupal stage, thus
totahng 20 to 26 days in the larval stages to period of pupation. The
larva in the last few days makes an oblong-oval cell in the earth
where the pupal stage is passed.

PUPA.

Two rather undersized specimens reared at Koehler, N. Mex., meas-
ured 15 mm. long and 7 mm. wide for the male and IS mm. long and
8 mm. wide for the female. The head is folded back under the thorax,
and wings folded over ventral side. The first five abdominal segments
are clothed with very short hairs dorsally, dorsal surface of remaining
segments smooth. Color, creamy-white.
Seven of the larvae bred in New Mexico in 1914 went through the

pupal stage and emerged as adults. From 3 to 6 days were passed
in the prepupal stage and about 12 in the pupal. These larvae like

other species of the genus pupate in cavities in the earth.
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CALOSOMA SEMILAEVE Lee.

ORIGINAL DESCRIPTION.

Black, without luster, face intricately punctate, with thorax intricately punctate,
more heavily back of the middle; much wider than long, with sides quite rounded,
margin somewhat reflexed at the base no less than at the apex, marked with two
indentations on each side, with elytra finely punctate in series, punctures large on the
anterior, interstices with imbricated grooves up to the middle.
Length 0.85. Single specimen, San Jose, Cal. I have found elytra of another

at San Diego, Cal.

This species was described by Dr. Le Conte in 1851,^ his type speci-

men being taken in San Jose, Cal. Collection data on the species in

1 Le Conte, J. L. Description of new species of Coleoptera from California. In Ann. Lvc. Nat. Hist.
N. Y. f . 1851, T. 5, p. 125-216, 1852.
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later years records it as occurring in many points in California south
of San Francisco and in Camas, Idaho. Its range probably extends
over a somewhat larger territory than is here represented.

COLLECTIONS AND SHIPMENTS.

April 7 and 27, 1911, the late Mr. H. M. Russell of this bureau col-

lected and shipped from Hollywood, Cal., 5 males and 8 females of

this species to the laboratory at Melrose Highlands, Mass. They
were collected under pea vines feeding upon larvae of Peridroma saucia

Htibn. Mr. P. H. Tunberlake, also of this bureau, collected and mailed
to the laboratory from Whittier, Cal., 1 female which was dead on
aiTival May 27, 191 1 . Mr. J. E. Graf collected in Compton, Cal., April

5 and 6, 1914, on low shrubbery 5 males and 12 females and forvvarded

them to Mebose Highlands, Mass. He reported them feeding on cole-

opterous and lepidopterous larvae.

HABITS OF ADULTS.

June 9, 1911, one pair of beetles was liberated inside of the tin

circle in the center of which stood a section of a white-oak tree (see

Plate III), They first traveled around the circle for some time and
did not attempt to climb. They were then placed upon the bark of the
tree and immediately proceeded to descend. At another time when
they were put upon the tree, they climbed slowly and steadily to the

top. The female clhnbed out on a small twig one-eighth of an inch

in diameter and 12 inches long, hanging on the underside. On reach-

ing the end she fell.

Tliese experunents and the findings of Mr. J. E. Graf cited under
the previous subject (as having taken the beetles on low shrubbery)
indicate that they do climb to some extent. Their habits compare
in a measure to those of C. frigidum Kirby

.

FOOD CONSUMED BY ADULTS.

Feeding records were kept of beetles confined in two battery jars

during the spring and summer of 1911. May 3 the beetles were
received from Hollywood, Cal., and were fed cutworms {Noctu%
clandestina Plarr.) until June 27. Two males and 5 females were
placed in the two jars and 37 fifth and sixth stage P. dispar cater-

pillars and pupae were consumed in about 15 days after the records
were startea. Two males and 2 females died between July 7 and 18

and the remaining females ceased feeding by August 2 and descended
in the jars for hibernation.

One pair of adults from California, April, 1914, were offered N.
clandestina larvae after receipt, of which they consumed from 7 to 1

2

per day for a period of 3 weeks. M. americana larvse were later con-
sumed until ar)0ut June 1, when the beetles began to remain inactive

at the bottom of the jar.

The beetles were most active during April and May, at which time
it was difficult to secure sufficient caterf)illars for food.

BEPBODUCTION AND HIBERNATION.

Three males and 8 females were kept under observation in three
jars at the laboratory during the summer of 1911 . All of these died
during the summer except 3 females that entered hibernation about
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July 19 and August 3. No eggs were secured from any of the females
notwithstanding the fact that the collector saw one pair in copulation

April 27 at Hollywood, Cal., the day they were shipped.

The three females that entered hibernation in outdoor cages dinging

the summer of 1911 were found dead and dismembered 3 and 4 inches
below the surface of the earth in the spring of 1912. It is very prob-

able that this species is not adapted to withstand New England
winters.

Of the lot of adults received from California April, 1914, two pairs

were enclosed in one jar in which eggs were found May 15 and June 5.

One of these females died before eggs were deposited, and 69 larvae

hatched as a total from one female. June 18 a few infertile eggs were
deposited on the surface of the earth in a jar which contained 1 male
and 4 females at the time.

None of the adults lived to enter hibernation that fall.

EGG.

Nine eggs that had been preserved in alcohol averaged 4 mm. in length and 1.7 mm.
in width. Color white, form elliptical, tapering slightly toward anal end in those con-
taining fully developed embryo.

Sixty-nine eggs deposited by one female in 1914 between May 11

and June 5 hatched in from 6 to 13 days.

BRIEF DESCRIPTION OF LARVA.

First stage.—Small robust larva. Average length of 6 newly-hatched specimens
that had been preserved in alcohol, 8 mm. ; width, 2.2 mm. Color dark brown doraally,

ventral plates grayish brown. Ventral and lateral plates esiDecially thickly set with
long brownish hairs. Caudal appendages (1.3 mm. long) veiy slender.

Second stage.—Form similar to first stage. Average length of 3 specimens (almost

ready to molt) 18.5 mm., width 3.2 mm. Caudal appendages rather long and pointed
with several protuberances bearing spines, the middle dorsal being slightly more
prominent than others. Color of dorsTim dark brown to black, ventral plates brown

Third stage (PI. XVII, F).—Short robust larva. Average length of 4 specimens 24.5

mm
.

, width 5 . 7 mm . Caudal appendages rather long (1.8 mm
. ) , diminishing abruptly

in size after middle. Dorsal protuberance on middle of each appendage rather long,

acute, extending backward, parallel with caudal appendage. Appendages show slight

ciuve downward beyond middle, tapering to ashort point. Color shining black above,
gi-ajdsh brown below. Ventral plates thickly set with hairs, regular in outline. An-
•terior ventral plates on abdominal segments 2 to 7, inclusive, oval in form and some-
what dilated, without regiilar marginal notches. Posterior median plates rectangular

in form and outer ventral plates on 3d to 7th abdominal segments oval. Posterior

angles of anal segment narrow at base, projecting straight backward into a long blunt
point with stout spine at apex.

' LARVAL RECORDS.

Many larvae were reared in individual jars during 1914 and were
fed M. americana larvse which were very easy to obtain during May
and June. It was estimated that from 20 to 35 large caterpillars

were destroyed by each beetle larva before maturity, as actual counts
were not made in connection with this species.

The larvse are active and feed over a period of from 18 to 25 days,
or an average of 23. Time required to complete the various stages
in an outdoor vivarium at the laboratory, as averaged from 7 speci-

mens, was 5 days for the first, 4 for the second, and 14 for the third
up to the time the larvse ceased feeding. An additional period of

from 4 to 6 days elapsed before the larvse pupated.
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HABITS OF LARV^.

Durinff June, 1914, some observations were made on the climbing
habits of the larvje at the laboratory (Plate III) and it was found
that the very yoimg mdividuals were inclined to do this to some
extent, one specimen having climbed up the white oak post 6 feet,

then out on stovepipe wire and back to post before falling. Sec-
ond-stage larvfe did not show an equal ability in this respect, and
third-stage larvae were not tried, owing to a limited amount of

material.

It is rather difficult to estimate from these limited observations to

what extent this habit prevails in the field, which is indicated by the
habits of the host insect upon which this predator most commonly
feeds.

PUPA.

Two male pupae were preserved in alcohol from the roarings of

1914, the average measurements of which were 18.5 mm. in length
and 8.2 mm. in width. Several larvae pupated and were reared
through to maturity.

Notes were made on the changes of color and development of one
pupa found in cavity at bottom of jar July 5 and transferred to sur-

face of earth. The pupa was creamy white, the mouth parts and
tarsi after about five days beginning to turn brown. This color dark-
ened with age and later the tibiae began to show brown. After nine
days the thorax and abdomen had changed gradually to brownish
black. Legs brownish black at that period. July 18, the pupa died
just as it was about to mature.

BIBLIOGRAPHY.
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1915. EssiG, E. O. Injurious and Beneficial Insects of California.

Supplement to Monthly Bull., Cal. Hort. Com., Vol. IV, No. 4, p. 217. Accoimt of life history
and habits.

CALOSOMA SIMPLEX Lee.

ORIGINAL DESCRIPTION.

Black, subopaque. Head and prothorax finely rugose and punctulate, the latter

more than twice as wide as long; sides strongly margined, rounded in front, oblique
behind, more widely reflexed towards the base; base bisinuate, broadly rounded at
the mildle, hind angles distinctly prolonged, broadly rounded; basal impressions
large and deep; dori^al line fine. Elytra slightly wider than the prothorax, oblong,
oval, convex towards the sides, which are narrowly margined towards the base and
more widely so along the sides; near the base are seen four small acute teeth, as in

our allied species; striuj not impressed, composed of extremely fine punctures; the
punctures of the three dorsal rows are also small and not conspicuous; interspaces

alutaceous, not distinctly rugose. Tibia; straight.

Length 20.5 mm. Middle California, one male.

DISTRIBUTION.

TTiis species was described by LeConte in 1879,' the type specimen,
which was a male;, having Ix^en taken in California. It has been
reported from Arizona, California, Colorado, and Texas. It has also

been taken in Mexico.

LeConte, J. L. Description of a new species of Calosoma. In Bui. Brooklyn Ent. Soc, v. 1, no. 8,

p. ai-W, 1878.
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CALOSOMA HAYDENI Horn.

[PI. XVII, B.\

ORIGINAL DESCRIPTION.

The above name is proposed for a species in which the first three joints of the anterior

tarsi of the male are spongy pubescent beneath, the base of the thorax truncate. It is

therefore allied to oxk triste and obsoletmn, but differing from them in having the elytra

connate and body apterous. The head is large, as in triste, and the frontal impressions
deep, rather finely punctiu-ed and wrinkled; vertex with but few punctures, occiput
smooth. Thorax as in triste, but with the basal impression deeper and the lateral

margins at base more strongly reflexed, nearly as much as in semilaeve. Disc with
distinct coriaceous sculpture and feeble median line, margins coarsely but distantly
punctm'ed, becoming more dense near the hind angles and basal region. Elytra
elongate oval, humeri strongly rounded, and as distinctly margined as the sides.

Surface very convex in both directions and with striae of fine distinct punctures
feebly impressed. Basal region with distant submuricate punctures. Margins dis-

tinctly muricately punctured, more dense at the humeral region, almost disappearing
at the apex. Metathoracic parapleurae and sides of abdomen with coarse punctm-es.
Its color above and beneath is shining black.

Length 0.84 inch; 22 mm.
Collected in southern Colorado by C. Thomas, of the U. S. Geological Survey, under

Dr. F. V. Hayden.

DISTRIBUTION.

This species was described by Dr. Horn in 1870.^ The type speci-

men was collected in southern Colorado. There are also other later

reports of its being taken in Colorado, Arizona, and New Mexico.

COLLECTIONS AND SHIPMENTS.

The data included on this species were secured in New Mexico by
members of the scientific staff under the Cereal and Forage Insect
Investigations of this Bureau in connection with the New Mexico
Range Caterpillar {Hemileuca oliviae Ckil.). Mr. D. J. Caffrey with
the assistance of others conducted the life-history studies and through
the late Prof. F. M. Webster and Mr. W. R. Walton, the notes were
secured for pubUcation here.

October 16, 1915, there were received at Melrose Highlands, Mass.,
from Mr. Caffrey at MaxweU, N. Mex., 7 males and 5 females, living.

These were packed in damp sphagnum moss and arrived in good
condition. They were placed in battery jars and fed larvae of P.
rapae. One pair remained more or less active until November 2 in
Massachusetts and consumed 22 of the above larvae before entering
hibernation. Thev are stiU in hibernation at this writing (Aprif,

1916).
FOOD CONSUMED BY ADULTS.

July 28, 1913, 2 males and 1 female were collected in the field and
enclosed in a battery jar. They were offered plenty of H. oliviae

larvae and pupae during the season of which they consumed 114 of the
larvae up to September 13. They were offered the pupae after this

date but refused. Weather conditions changed to cold and windy
and the beetles sought hibernation soon after. In another jar con-
taining the same number of adults, 102 Hemileuca larvae and no pupae
were consumed. The beetles in cages in 1914 proved predacious on
H. oliviae larvae and fed from June 8 to September 3, the number
destroyed each day gradually decreasing until toward the end of

» Trans, Amer, Ent. Soc, Vol, 3, 1870, p. 69.
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August feeding practically ceased, the beetles spending most of their

time in the earth in the jar.

]Mi\ H. F. Wickam conducted cage experiments at Koehler, N. Mex.,
in xlugust, 1914, to determine if the beetles would kill and eat grass-

hoppers and H. oliviae caterpillai's and if preference was shown.
The experiment was started August 10 and both varieties of Hving
prey were supphed. In one cage under observation 33 days, 33 large
H. oliviae larvge and two grasshoppers were killed and eaten and
in another cage containing 3 beetles under observation 15 days, 6
caterpillars and 1 grasshopper were killed and eaten. Some con-
trasting experiments were conducted at the time where killed grass-

hoppers were supplied the beetles with hving //. oliviae caterpillars

and as a result many more of the former were consumed than of the
latter. Dead caterpillars were not eaten so readily as living. These
experiments indicate that accessibihty to a particular host is the im-
portant factor in the partial control by a predator. Practically the
same results were secured in like experiments with C. ohsoletum Say,

REPRODUCTION AND HIBERNATION.

Two males and 1 female in breeding jar from July 28 to September
13, 1913, deposited at least 6 eggs, 3 of which hatched. Copidation
was observed several times during the season . In another j ar contain-
ing the same number of adults, 18 eggs were deposited, 15 of which
hatched. The first eggs were deposited by beetles in confinement
in 1914 on Jime 9 and the last August 4. In one cage containing
more than one female, 156 larvae hatched and in another 162 hatched.
The time in the egg stage varied from 7 to 12 days.
The first adults issued from hibernation in New Mexico in 1914

on or before June 5 and adults were seen in the field up to September
2 and even October 10, the latter dates indicating the late periods
of entering hibernation. One beetle remained on the surface of the
earth in a jar at Melrose Highlands, Mass., as late as October 20, 1915.
They went into the soft earth to the bottom of the j ar, a depth of 5
to 6 inches, for hibernation.
The maximum length of life of adults of this species has not yet

been determined but they undoubtedly five 2 years or more.

FIELD OBSERVATIONS AND ECONOMIC IMPORTANCE.

June 5, 1914, one female was collected near Dorsey Reservoir and
on the same date Messrs. W. R. McConneU and T. S. Wilson collected
a lar^e number to the south of Koehler, N. Mex. The beetles were
founcl under rubbish, in the bed of a dry creek. Hemileuca larvsB

were present in the vicinity but were not very numerous. June 28,
1915, Mr. D. J. CafTrey observed north of" Maxwell, N. Mex., a
female of this species feecUng upon a second-stage larva of //. oliviae

(W\. and in the region of Chico on September 2 observed a larva of
this species or ohsoletum Say feeding upon a partly formed pupa of
the same host.

'^ITie adults were observed in the field in New Mexico in common
with 0. ohHoleiura Say at periods from June 5 to about October 10,
always associatefl wilh its host, //. oVviaciWX., and apparently accom-
plishing a great deal in the natural control of the above pest. Mr.
Cafi'rey observed the beetle larvse feeding upon Hemileuca pupae.
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Generally the anal end of the beetle larva was seen protruding
through the meshes of the Hemileuca cocoon which indicated what
was happening inside. Upon closer examination it was found that

the Hemileuca pupa was being destroyed. These pupae attacked
were located 5 to 6 inches above ground, generally in Gutierrezia

plants, demonstrating the abiUty of the larvae to chmb for their prey.

Adults were also noted feeding upon the pupse to a small extent.

BRIEF DESCRIPTION OF LARVA.

First stage.—Long, rather slender larva. Average length of 5 newly hatched
specimens that had been preserved in alcohol, 10.3 mm.; width, 2.1 mm. In very-

young larvae head and thorax dull black and abdomen brownish-black above and
grayish-brown below. Ventral plates ordinarily containing from 1 to 3 long brown
hairs and sometimes other shorter ones. Caudal appendages long (2 mm.), straight,

projecting obliquely backward.
Second stage.—Form similar to first stage. Average length of six fairly large speci-

mens, 19.6 mm.; width, 8.2 mm. Caudal appendages long, straight, bearing short,

acute protuberance dorsally in middle. Appendages continuing almost straight after

dorsal protuberance; Dorsum dull brownish-black, ventral plates brown.
Third stage (PI. XVII, E).—Long slender larva. Average length of five almost

mature specimens, 31 mm.; width, 5 mm. Caudal appendages long (2 mm.), rather
slender, curving slightly backward up to short, acute dorsal protuberance located in
middle and straight beyond these. Color dull to shining black above, very dark
brown below. Ventral plates rather thickly clothed with short hairs. Anterior ven-
tral plates 2 to 7, inclusive, oval in form with slight dilations irregularly occurring in
middle of anterior margins. Anterior ventral plates also without median keel as

appears occasionally in obsoletum. Posterior median plates in well fed larvae with-
out broad line of separation between the two plates, apparently joined, especially
on 6th and 7th abdominal segments. Inner angles of all these plates square, outer
rounded, with outer margins containing broad deep notch in middle. Posterior
angles of anal segment short, obtuse, bearing spine at apex. Posterior angles of tergite

of penultimate segment also obtuse in form, almost truncate at apices.

LARVAL RECORDS.

Some feeding records were secured with larvse of this species by
Mr. Caffrey in August, 1913, at Koehler, N. Mex. At that time,
H. oliviae larvse which were offered were almost full-grown and in

most cases only a small number were required before maturity. Two
to three caterpillars were consumed in the first larval stage, 2 in the
second, and 4 to 6 in the third, or a total of about 10 to 12. The
beetle larvse were transferred from small containers for pupation
upon approaching maturity and the feeding record closed, otherwise
it is probable that slightly more would have been destroyed. These
beetle larvse were active and fed from about August 13 to August 26.

The average time required to pass the first larval stage was 6 days

;

for the second 4.5, and for the third to date ceased feeding, 8. Addi-
tional to this, from 3 to 5 days are passed in the prepupal stage, thus
totaling 22 to 25 days in the larval stages to period of pupation.
The larva in the last few days of its activity makes an oblong-oval
cell in the earth for pupation, as is the habit with other species of

the genus.
PUPA.

Two rather undersized specimens reared at Koehler, N. Mex.,
measured 17 and 15 mm. in length and 7.5 and 7 mm. in width,
respectively. These specimens were somewhat broken in shipment
to Melrose Highlands, Mass. The first five abdominal segments are
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clothed "vrith short hairs dorsally while the remainder of the segments
are smooth. General appearance same as other species of the genus.

Several of the larvae reared in 1914 lived to pupate and adults

were secured. Pupation took place in a cavity in the earth which
was usually formed at the bottom of a glass jar where observations

could be made on the transformations. The specimens studied

pupated in July and August. Eleven to fourteen days were passed
m this stage.

July 11, one pupa was noted in cavity, light yellow in color with
dark brown eyes. July 25, 10 a. m., the beetle was fully formed,
body, wings, and femora still white; eyes, tibise, and tarsi black;
1.30 p. m., the immatm-e beetle all black except central portion of

body; 6.30 p. m., beetle all bla;ck and fully formed but occupying
pupal cavity.

July 26, a female emerged from the cavity. Other yomig beetles

emerged in breeding experiments at this time instead of remaining
in the same cavity for hibernation. Some of the species reared at

Melrose Highlands, Mass., namely, calidum, have this habit to some
extent.

CALOSOMA TRISTOIDES Fall.

ORIGINAL DESCRIPTION.

This name is proposed for a form occtuTing in our extreme southwestern region,

which ia closely related to but quite surely distinct from triste of the west central

states. As compared with Kansas specimens of triste, in my collection tristoides

differs in the much finer punctures of the elytral series, these becoming very minute
posteriorly, and in the usually well developed greenish lustre of the elytral margins.

The sides and basal impressions of the prothorax also show more or less of the metallic

liLstre in many specimens, but in some it is barely perceptible. The coarser serial

punctures of intervals 4, 8, 12 are gi-een as in triste, but in the latter species the side

margins of the body are scarcely at all so. In the type series of three examples of

triste in the LeConte collection the sides of the prothorax are evenly rounded and the
elytra are parallel in both sexes. In tristoides the prothorax exhibits considerable
inconstancy in both relative and actual dimensions, the width varying from 1 .53 to

1.72 times the length, the sides either evenly rounded or e^ddently straighter pos-

teriorly: the basal sinuations are also variable in depth. The elytra are quite uni-
formly parallel in the male and a little wider posteriorly in the female. It is, however,
ver\' probable that a good series of triste, or for that matter of any other species of

Calosoma, would show similar variability. In length tristoides ranges from 22 to 24

mm., -width 9.J-10.2 mm. The length given for triste in LeConte's table is 18 mm.
Tristoides is based on a good series taken by Mr. Ricksecker at or near San Diego, Cal.

A single specimen from an unknown source and simply labeled "Cal." has stood
for years in my collection as triste. There is a single example from "Cal." in the
LeConte collection placed near but not in line with his specimens of triste and bearing
a"?" label.

This species was described by Mr. H. C. Fall in 1910 "^ from specimens
taken at or near San Diego, Cal., by Mr. Ricksecker. The writers

have examined two female specimens collected by Mr. W. M. Mann,
at Pachuca, Hidalgo, Mexico. Mr. H. W, Wenzel, of Philadelphia,

has kind!}' furnished a cotype of this species for examination and
study.

' Fall, H. C. MLscellaneoas note-s and rlpsf-riptions of North American Ooleoptera, In Trans. Amer.
Ent. Sw.-., V. 36, p. 8t^l97 (p. 92j, KUO.
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CALOSOMA CALIDUM (Fab.).

{Syn. : Calosornalepidumluec.)

ORIGINAL DESCRIPTION.

[Translation.]

Carabus, wingless, black, elytra crenate-striate and with hollowed out golden
punctures in triple row.
Habitat in America.
Related to Carabus hortensis, but with elytra by no means as smooth, interstices

between the golden punctured strise very elevated, crenate. Antennge reddish at

the apex.
EARLY RECORDS OF THE SPECIES.

This species was first described by Fabricius in 1775 and was given a
place in his other writmgs until 1801. During the latter year tlie genus
Carabus was subdivided into Carabus and Calosoma and this species

was included in the latter group. Latreille, Say, Dejean, and Kirby
gave descriptions of the species and notes as to its habitat. . The latter

in 1837 wrote that '4t is very common in all parts of North America."
LeConte, in 1845, described a new species as Calosoma lepidum

from the Territory of Missouri, but later writers and collectors seemed
to have ignored it. There is no record of the species in any of the
public collections of the United States save the single type specimen
in the Museum of Comparative Zoology, Cambridge, Mass. An
examination shows that this specimen should be referred to C. calidum,
therefore lepidum is regarded as a sjaionym.

Glover, Fitch, Walsh, and Rile}^ have all published brief notes on
this species. F. G. Schaupp in 1882 made a biological study of the
species and described the larva. In 1896 and 1897 the senior writer
made further studies into the life history of the species and described
the larval stages.

Various other writers, namely, Comstock, Fletcher, Lintner,
Packard, Forbes, Bruner, and others have pubUshed many inter-

esting notes on the feeding habits of the beetles and their larvae,

together with their occurrence in different parts of the continent.

DISTRIBUTION.

This species is found in Colorado, Connecticut, Delaware, District
of Columbia, Georgia, Illinois, Indiana, Iowa, Kansas, Kentucky,,
Maine, Maryland, Massachusetts, Michigan, Minnesota, Mississippi,,

Missouri, Montana, Nebraska, New Hampshire, New Jersey, New
York, North Carolina, North Dakota, Ohio, Pennsylvania, South
Dakota, Tennessee, Vermont, Virginia, and Wisconsin. It has also

been reported from Alberta, Nova Scotia, Ontario, and Quebec,
Canada.

SHIPMENTS.

November 6, 1911, two males and one female were removed from
Jiibernation cages, packed with damp sphagnum moss in perforated
tin boxes, which were inclosed in a tube and mailed to Mr. E. M.
Ehrhom, Honolulu, Hawaii. On December 1 he wrote that the
beetles reached hmi in fine condition. This was the first experiment,
to the writer's knowledge, in shipping Calosoma beetles long dis-

tances while dormant. It was successful, however, in this small
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attempt, and could be tried on a large scale when many specimens
are to be transferred from one country to another.

A further attempt was made in 1912 to forward adults of this

species to ISIr. Ehrhoni, and small shipments were made by mail
May 22, Jime 6, and June 17. A total of 16 males and 23 females,

all ahve, were sent, and 21 of the 39 specunens reached Honolulu
alive. They were packed singly in pill boxes with damp sphagnum
moss, but the moss had dried out in many cases on arrival, accord-

ing to information received. The beetles were liberated in the foot-

hills to prey upon cutworms which were very numerous in the
islands. The genera Calosoma and Carabus are unrepresented there,

which partly explains the annual abundance of cutworms. C.

calidum in both the larval and adult stages seems perfectly adapted
to prey upon cutworms and favorable results are bound to ensue
if the species can be successfully estabhshed,

HABITS OF ADULTS.

May 31, 1911, a hvely male was placed upon a section of a white
oak tree set up in an outdoor cage, in order to make some observa-
tions on its chmbing habits. (Pi. III.) It climbed very slowly and
awkwardly, each tune makmg more than one attempt before firmly

gripping the bark and moving upward. The specimen on trial did
not appear at aU sure-footed, faUmg often and as soon as on level

gromid would move very rapidly.

Mr. Mosher says that he has repeatedly seen adults of this species

under burlaps feeding upon caterpillars of PortJietria dispar, but has
not seen them higher on trees than where burlaps are usually placed.

They are sometimes collected on tree trunks at sugar when ' 'sugaring "

for moths.
REPRODUCTION.

The highest number of eggs deposited by one female in a single

season was 74, but another deposited 61. Close records were kept
of a few pairs of beetles in the years 1909, 1910, and 1911, with special

reference to their capacity for reproduction. Only a part of the
females reproduced each year they were in captivity, and the num-
ber of eggs that were deposited varied from 16 to 61 per female.
One pair of beetles was observed in copulation May 20, 27, and 29,

and June 2, 21, and 22, but only 16 eggs were deposited. It is prob-
able that this species resembles sycophanta in that some of the fe-

males live an entire season without laying eggs.

LONGEVITY.

Most of the specimens of Calosoma calidum collected in New Eng-
land and confined in jars hav^c not lived longer than one year. One
foniale, however, which was collected August 20, 1909, lived until

June 5, 1911. One male was placed in the jar with the female
shortly after she was collected, but died during the following fall or

winter. Another male, added in the spring of 1910 and collected

the same year, lived until after the female died in 1911. No eggs
were dfipositcid by the female in 1909 or 1910, but 22 fertile eggs
were fleposited in the spring of 1911. As tlie ionnile was collected

late in the summer (Aug. 20) it is both possible and probable
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that it was a recently issued adult, as it is shown below under ''Food

consumed by adults" that the beetles often come to the surface of

the earth and wander about in search of food after emerging from
the pupa. The male that was added in the spring of 1910 was a

pupa in the summer of 1909 or earlier; therefore it also lived about
two years or more.
The data at hand on this species will not permit the statement that

the adults live longer than two years. There is a possibility, how-
ever, that they live three years, or as long as sycophanta, inquisitor,

wilcoxiy and others.

FOOD CONSUMED BY ADULTS.

In Table 23 are given the best records secured on the food con-

sumed by this species.

Table 23.

—

Feeding records of 3 pairs of Calosoma ccdidum, 1909, 1910, and 1911.

Pair
No. Year.

Feeding
record
started.

Ceased
feeding.

Noctua
clandes-

tina
(sixth
stage).

3£alacoso-
ma am.er-

icana
(fifth and
sixth

stages).

Porthe-
tria dis-

por (fifth

and sixth
stages).

Total.

1797
2879
5069

1909
1910
1911

June 13 .

May 4...

June 6.

.

July 11.

July 29 2.

July 261.

130
183
57

69
3 121
3 104

199
3 317
3 161

13

1 Female died, record discontinued.
2 Pair entered hibernation.
3 Besides one pupa.

Each of the pairs cited in Table 23 reproduced; the first female
deposited 59 eggs, the second 16, and the third 24. The record of

the 1909 pair is incomplete as the male was not collected until June
13, on which date the record was started, and the female died July 1,

thereby shortening the active feeding period by about two months.
The average number of large-sized caterpillars devoured by each
pair was 226. The period of emergence from hibernation for this

species is from April 15 to May 15, and the period of entering hiber-

nation August 1 to 15, leaving an. active period extending over ap-
proximately three months.
One female reared from the egg in 1909 came to the surface and

devoured two sixth-stage caterpillars of Portlutria dispar and 70 third
•and fourth stage caterpillars of HijpJiantria cunea before reentering
the ground for hibernation on September 11. Two males and one
female, reared from eggs in 1910, came to the surface of the earth in

from one to nine days after transformation from the pupse. The
males ate 21 and 28 sixth-stage caterpillars of P. dispar, respec-

tively, before reentering hibernation August 4. The female ate three
caterpillars and died.

All the specimens of this species reared in jars or cages during 1909,

1910, and 1911 came to the surface in search of food in a few days
after transformation from the pupse. Young adults of Colosoma
calidum are so voracious that sometimes after coming on the surface
they attack one another, if caterpillars are not available.

The habit of feeding during the first fall after entering the adult
stage is rather uncommon with other species of Calosoma that have
been studied in detail by the writers.

_
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Calosoma calidum.

^.—Third-Stage larva, dorsal view, X4. £.—Same, ventral view, X4. (Original.)
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HIBERNATION.

One pair of beetles entered hibernation August 30 and emerged
May 17 and 26, 1910, and the average date of entering for 10 adults

in 1910 was August 1 . Oaly one pair of these beetles lived, and they
emerged May 15, 1911. During normal seasons in Massachusetts
this species enters hibernation during the first half of August and
emerges between April 15 and May 15.

The average depth in the gromid to which these beetles go to

hibernate is about 2 inches.

THE EGG.

The egg is white, ^[easurements of 12 fresh eggs in 1910 gave an average length
of 5.8 mm. and a width of 2.5 mm. The adults of C. caliduvi are much smaller than
scnttafor or si/cophanta, but the eggs run somewhat larger than those of either

species. They have the same general form (elliptical) as those of the species just

mentioned and taper sUghtly toward one end.

The average nimiber of days required to hatch 59 eggs deposited
by one female between June 15 and June 28, 1909, was 4^. The
temperature at that tune was very favorable for the acceleration of

hatchijig, the maximum ranging between 80° and 90° F. One hun-
dred and ninety-nine fertile eggs deposited by several females be-

tween May 22 and August 2 required an average of nine days to

hatch. Most of the deposition took place during the month of June,
and nine days is about the normal time spent in the egg stage by
this species.

DESCRIPTION OF LARVA.i

First stage (PI. XVIII, A, B).—Length, 8 mm.; width, 2 mm. at third thoracic

segment. Form ellipsoidal, tapering more gradually toward the last segment than
in the con-esponding stage of C. frigidum. General color of the body and mouth
parts dull black, not shining. Head large, as long as wide, dorsal surface flattened;

palpi jjrominent, longer than antennse. Posterior margin of the head somewhat
emarginate at the center. First thoracic segment as long as the two following, slightly

wider than the head and e(.lges produced laterally. All the body segments except
the last are tnmcate behind, and bear a prominent impressed dorsal line. Caudal
appendages present, simple, and provided with numerous spines.

A'enti'al portion of the iDody nearly pure white, but it is jirofusely covered with small
black chitinous plates. Spiracles nine, black, circular, and arranged just below the
lateral edges of the dorsal plates. Anal prolog moderately stout. After feeding for

a week the larva? molted.
Second stage (PI. XN'III, C, D).—Soon after molting the larvae become black and

measure 18 mm. in length. Body somewhat stouter than in preceding stage. Head
longer than wide, emarginate behind. Prothorax wider than the head. Dorsal line

quite prominent. Abdominal segments truncate and slightly produced laterally.

The second molt occurred at, the end of a week.
Third stage (PI. XIX, A, B).—The following description was not made until the

]ar\-a was almo.«t ready to pupate. Length, 30 mm. Color, dull black. Head of

medium size, flattened, truncate behind, (lypeus sliglitly broader in front than in
('. Jrigidiiiii. Strongly hiloljed. Suture; between clypciis and epicraniura subobso-
lete. Mandibles stoui, the large toolli near the base being deeply cleft on the inner
margin. Prothorax longer than the head, the hind angles slightly cm'ved. Meso-
and meta-lhorax smaller, but similar in shajjo, each thoracic segment bearing four
pairs of liairs on the dorsal plate. The abfloniinal plates one to seven of the same
form and l^earing a moderate carina lu^ar the jjoslcrior edge of the segment. Eighth
segmf-nt a little larger, sliglilly wider, and also^beai'iiig a carina, lateral edges of each
abdominal segment bearing tlireo short, hairs. The last segment small, posterior
angles iiroduced l)ackward, but hind cflge of segment, truncate; caudal appendages
lont.', bliMii. spiny, sliglilly depressed, and hearing on llu? upper surface a liunip-like

protuberance provided wilh a few H{Mnes. Tlie sj>iracles are nine in numbei', and are

' BurKBiw, A. F. Notes on <'ertaiii Colooptcra known to altack ttie gypsy moth. In 44th Ann. Rpt.
MiiSs. State iJd. Agr. f. l,SOri, p. WZ AM (|i. m,-V^), pi. ;j-."i, 1H90.
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arranged the same as in C.frigidum; the color, however, is black. Legs small and
spiny, tarsi bearing two claws. The anal proleg is stout and covered with numerous
short hairs. The imder siu'face is of a pm-er white than in C. frigidum, but bears
similar markings. The'Tatter resemble those of the preceding species in form and
arrangement, but are slightly darker in color. The spots composing the fii'st lateral

row are more elongated and all the ventral spots are somewhat larger than in the pre-
ceding species. The time spent in this stage is about one month, of which about
three weeks are passed in feeding. \Mien full gi-own the larva biuTows into the
groimd to a depth of several inches, and after preparing a cavity throws off its skin-

and goes into the pupal stage.

LENGTH OF TIME REQUIRED TO COMPLETE LARVAL STAGE.

From several feeding records kept of larvae that hatched between
June 20 and 24, 1909, it was possible to secure information on the
length ol time required to complete the different larval stages. It

was found at that time of year that an average of 3 days was required
to pass the &st stage, 5 days for the second, and 12 days for the third,

or a total of about 20 days between hatching and cessation of feedmg.
No notes were secured with this series of larvae as to the time when
feeding ceased and pupation began, but observations on larvae in 1911
showed that 6 days were spent in the prepupal stage.

Some data secured in 1912 show that from 3 to 5 days were required
for larvae to complete the fii'st stage, 4 to 6 days for the second, and
12 to 17 days for the third. A fair average for these would be 4

days for the first stage, 5 for the second, and 15 for the third, or a
total of 24 days for the active feeding period. These larvae hatched
May 20 to May 28—much earlier in the season than those referred to
under 1909 when the weather was cooler, and this wholly or in part
explains the longer time required to complete the growth in 1912.

FOOD CONSUMED BY LARV^.

The most natural food of these beetles and their larvae is cutworms
but it was not always convenient to collect these in sufficient num-
bers for the feeding experiments, so caterpillars of Porthetria dis'par

and Malacosoma amencana were used. A series of individual
records was kept in 1909 and 1910 with caterpillars of these species

as a source of food supply. In 1911 a series was kept, feeding pupae
of 21. americana only, after the cocoons had been removed.

Table 24.

—

Food eaten by larvae of Calosoma calidum, 1909-10.

Malaco- Malaco-
soma Porthe- soma Porthe-
ameri- tria . ameri- tria

Date
hatched.

Date
ceased

cana
cater-

dispar
cater- Total.

Date
hatched.

Date
ceased

cana
cater-

dispar
cater- Total.

feeding. pillars, pillars, feeding. pillars. pillars.

fifth and sixth filth and sixth
sixth stage. sixth stage.

stages. stages.

1909. 1910.
June 20 July S 1 10 13 23 May 29 June 22 9 1 10

23 12 4 13 17 June 2 24 10 1.5

23 12 3 16 19 2 22 9 9

24 13 1 21 • 22 7 30 ( 4 11

24 16 3 20 23 7 28 7 3 10
24 17 1 13 14 7 28 13 5 IS

7 30 6 8 14

' Two of these caterpillars were in the third stage.
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The average number of caterpillars eaten by each larva in 1909
was 20, and in 1910, 13. Sixth-stao;e caterpillars only were supplied
in the latter series, while several fifth-stage caterpillars were offered

in the former. Twenty large caterpillars (the same or similar to

Porthetria dwpar, or Malacosoma americana) is about a fair average
for each larva to consume.
The larvae in Table 24 were active and fed over an average period

of 21 days after hatching, and then entered the ground for pupation.
Larva? of C. scrutator are active the same number of days but
have a somewhat greater capacity for food.

Five larvae were fed from hatching to maturity in 1911 on pupae
of J/, americana from wliich the cocoons had been removed. From
6 to 10 pupae were devom'ed by each larva, or an average of 9. Larvae
of this species did not attack and devour as many pupae as caterpil-

lars, and the same is true of other species of Calosoma. When a
Calosoma larva attacks and devours a pupa, it usually feeds until

notliing remains but the empty case, but when a caterpillar is at-

tacked part of the fluids and body contents are lost in the struggle
of the caterpillar to free itself from the Calosoma.

HABITS OF LARV^.

May 29, 1911, an experiment was begun to test the climbing of

these larvae. (PI. III.) Six newly hatched larvae were placed in-

side the tin circle and caterpillars of Malacosoma americana were lib-

erated upon the tree and on the ground. Later in the day. two of the
larvae were noted feeding upon caterpillars at the base of the tree.

May 30 the larvae were again noted feeding upon caterpillars on the
ground, on which date five were found buried in the earth. These
first-stage larvae remained in the circle until about June 4 before
transfomiing to the second stage and were deprived of food some of

the time until they were on the verge of starvation. Later on, July
17 and 21, other first-stage larvae were added and kept mider ob-
servation for a few days. They were placed upon the tree fre-

quently, but each time fell to the ground almost immediately. Sec-
ond-stage larvae were tested but did not chmb except on one occa-
sion when one was seen crawhng up and down the trunk about a foot
from the ground. The others died of starvation and did not attempt
to climb so far as could be observed, although they were under
observation for several days. One third-stage larva was left in the
experiment for a few days and it made no attempt to chmb for food
but remained on and in the earth.

In aU cases starvation resulted unless food was placed on the ground.
These facts show conclusively that this species is teiTestrial in habit
during the larval stages and the same is usually true of the adults.

Pupae of this species averaged as foUows: The females, 17.5 mm.
long and 7.7 mm. wide; the males, 1 .5.7 mm. long and 6.8 mm. wide.

close observations were madf^ upon a series of larvtie iod in jars in

1911 to determine the actual tim(^ required to pass the pupal stage.

It wtus found that 1 mah^ pupa matured in 11 days, wliile th(^ females
matured in and 10. An averagj; of 10 days was required for each,

including both sex(« in the; sc'ries. The adults from the pupae in

question issiir'd from July 4 to 10.
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CALOSOMA MORRISONII Horn.

ORIGINAL DESCRIPTION.

Black, moderately shining. Head moderately closely punctate, rugulose at the
sides, mandibles transversely wiinkled. Thorax twice as wide as long, base and
apex nearly equal, sides strongly arcuate in front, oblique behind, hind angles A^ery

obtuse, lateral margin narrow in front, more widely reflexed posteriorly, the basal

impressions moderately deep, apex feebly, base more distinctly emarginate, median
line distinct, sm-face moderately closely punctate and more rugulose at the sides

and along the base. Eh-tra oval, widest behind the middle in both sexes, humeri
distinct, surface rather sliining, with about fifteen rows of rather fine not closely

placed punctures, the intervals with a single row of finer and more distinct punctures,
the fourth, eighth, twelfth, and submarginal intervals with a series of moderately
distant larger golden punctures. Prothorax beneath sparsely punctate, metathorax
at sides more coarsely, abdomen sparsely punctate at the sides. Length .72-. 82 inch,
18-20 mm.
The male has thi-ee joints of the anterior tarsi spongy pubescent beneath. This

species from the eAddent golden elytral spots must be associated with calidum and
tepidum, than either of wMch it has much smoother elj^tral sculpture although resemb-
ling them in general form. It might be mistaken for a smooth variety of obsoletum,

but the elytra are more dilated, their sculptm-e smoother, and without the imbricated
appearance. The base of the thorax is distinctly bisinuate in obsoletum and simply
emarginate in the present species as well as in those with which it is associated.

Collected by Mr. H. K. Morrison in Colorado. With it I associate his name as an
evidence of my appreciation of his industry and success in adding to a knowledge
of om" fauna.

EARLY RECORDS AND DISTRIBUTION OF THE SPECIES.

This species was described by Horn in 1885^ from specimens tbat
were collected in Colorado by H. K. Morrison. Specimens that are

deposited in a few museum collections in the United States bear
locaUty labels from Colorado and southern Cahfornia. It appears
not to be particularly common in any State, although the most have
been reported from Colorado.

CALOSOMA TEPIDUM Lee.

(Syn.: C. trregrwiore Walk.)

ORIGINAL DESCRIPTION.

Black, with head and thorax closely wrinkled, thorax veiy broad, narrowed at

the posterior end, sides much rounded, margin somewhat reflexed, with base lightly

bisinuate, marked on both sides, elytra extended slightly posteriorly, finely striate,

with spaces between the striae much coiTUgated, almost broken into granules, and
with bronze-colored pits in triple row.
Length .75.

Shorter than C. calidum and differs in ha^dng elytra quite rough; it seems similar

to Callisthenes, and shows its likeness in antennae, 5th and 6th joints, glabrous margins,
pubescent at the base, with the glabrous part poorly defined, and 7th to 11th joints

equally pubescent, described in tliis species.

Oregon. I have seen another specimen in the Collection of the Exploring Expe-
dition.

This species was described by Le Conte in 1851. Mr. J. K. Lord
pubhshed in 1866 the description of a new species, Calosoma irregulare,
described by Walker, the habitat of which was not given and
compared it with C. calidum, C. frigidum, and the Siberian C. denti-

coUe. In 1871 Horn reduced this species to a synonym of C. tepidum.
There are no records at hand to show that C. irregulare is represented
in any of the pubUc museums and experiment-station collections of

1 Horn, G. H. Contributions to the Coleopterology of the United States. In Trans. Amer. Ent. See,
V. 12, p. 128-162, pi. 4-5, 1885.
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the United States, consequently the writers have not been able to

study specimens.
C.tepidum, has been reported from the following States: Arizona^

Cahfornia, Colorado, ''Dakota,'' Idaho, Montana, Nebraska, Nevada,
Oregon, Utah, Wasliington, and Wyoming. British Columbia,

Alberta, and Vancouver Island are points in Canada from which
specimens have been collected.
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CALOSOMA AUROPUNCTATUM (Payk.).

ORIGINAL DESCRIPTION.

[Translation.]

Black, smooth, Trith thorax emarginate posteriorly, elytra finely punctate-striate,
and punctures of uneven depth a little larger in triple row.

Description of male.
Head entirely black'; antenna becoming brown at the apex.
Thorax black, smooth, marginate, obovate, almost twice broader than long, sides

rounded; truncate anteriorly, somewhat emarginate posteriorly.

Elytra black, scarcely broader than the thorax, very finely punctate-striate:
punctures a little larger depressed in triple row.
Sternum black.
Abdomen black.
Feet black. Tibite curved.
In size and length it almost exceeds the preceding, (Carabus reiiculatus) but it does

not equal it in breadth.
Female similar to male, but somewhat greenish aboA'e in color, coppery punctures

in triple row, abdomen scarcel}^ broader, and anterior tibiae shorter. Habitat rare in
Sfmthern Switzerland. It differs from Carabus inquisitor in color, in emarginate thorax
and smootlier elytra, from Car. reticulatus in color, body more elongated and elytra
not at all reticulated.

Synon. Ilerbst. Carabus avropnnctatus., Fal). Mant. Ins. p. 197. No. 35, Car. inda-
gator? is related to this, but this one is wingless as only a hasty description was seen
by the author.

EARLY RECORDS OF THE SPECIES.

This species was first doscril)ed by Paykull in 1790 and its habitat
given as southern Swilzei-lund. i)('j<-aii, in 182(5, put it in the genus
Calosoma as i1 had pnn^iously been i(hMiLified as Carabus. Gebler, in
\KV.i, writes of the great similarity of this specic^s to O. denticolle Gebl.
Houlbert and Monnot, in 1905, mack; a study of C. auroj)unctatum and
came to the conclusion that (J. sericeum of Fabricius and (J. indagator
of Gyllenhal w<!j'(; syiionyms of it.
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IMPORTATIONS.

The only importation of this species was received at the gipsy
nioth parasite laboratory June 1, 1909, from Miss Ruhl. The ship-
ment contained nine males and nine females ahve and three males
and one female dead. Requests were made for Miss Ruhl to collect

more and forward them but it seemed impossible for her corps of
collectors to find them owing to the scarcity of the species in central
and southern Europe.

HABITS OF ADULTS.

June 29, 1911, one female was tested to ascertain if adults of this

species natm'ally climb trees in search of prey. (PL III.) The
beetle when left inside the chcle crawled about and up to the base
of the tree but did not attempt to chmb. Wlien put upon the bark,
head upward, it would turn around very quickly and climb down-
ward to the ground. Wlien placed upon the tree near the top, the
beetle would lose its footmg and fall. No climbmg experiments
were conducted with the larvae.

This species is evidently terrestrial in habit.

FOOD CONSUMED BY ADULTS.

Feeding records were kept daily of a series of pairs of beetles
received from Europe June 1, 1909, and these records were extended
over two years, 1909 and 1910, as shown in Table 25.

Table 25.

—

Feeding records offour pairs of Calosoma auropunctatum, 1909-1910.

1909.

Pair No.
Feeding
record
started.

Ceased
feeding.

Sixth-stage cater-
pillars.

Total.Mala-
eosoma
ameri-
cana.

Porthe-
tria

dispar.

2709 .. ... June 2
2
2
3

July 16
19

Aug. 16
9

81

85
95
115

47
48
67
80

128
133
162
195

155

2710
2711. .

2712

Average per pair

1910.

Pair No.

Female
emerged
and

record
started.

Ceased
feeding

Mala-
cosoma
ameri-
cana,

fifth and
sLxth
stages.

Porthe-
tria

dispar,
sixth
stage.

Estig-
mene

acraea,
sixth
stage.

Total.

2709 Mav 26
23

June 7
May 24

Aug. 12
12
5

July 30

65
84
57
53

166
1 156
2 140

125

11

11

1

3

242
253
199
181

219

2710
2711. . .

2712

Average per pair. .

.

1 Besides t wo pupss. 2 Besides one pupa.
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The male of pair No. 2712 died June 5, 1910, and the female alone

consumed 151 of the 181 caterpillars totaled for that pair. Male
Xo. 2709 died June 10 but another female was added to that jar,

making two females. The males in the other two jars, together with
all the females, hved to the end of the feeding season.

The average number of caterpillars consumed per pair in 1909
was much less than in 1910, which was probably partly due to the
record bemg started a Httle late and because they were mostly first

and second year beetles at that time. Female No. 2711 deposited
19 fertile eggs durmg the latter part of June, 1910, and more food
was consumed m that year than in 1909. None -of the other females
in Table 25 reproduced durmg either year. The average number
of caterpillars consumed per pair in 1910 is about the same as the
average for C. calidum, which was 226.

REPRODUCTION.

Out of the lot of beetles imported in 1909 only three eggs from
which larvge hatched were deposited that year. Most of the beetles

entered hibernation and Uved to emerge during the spring of 1910,
and during that year 152 fertile eggs were secured from the six

females.

No copulation was observed among these beetles, but deposition
of eggs was recorded almost continuously between May 26 and July
27. Only one female lived to issue in the spring of 1911 and there
were no males left for mating,

LONGEVITY.

One female of the lot of beetles received from Europe June 1, 1909,
lived until August 17, 1911. This female did not deposit eggs in any
of the three years of her existence at the laboratory. It was a pupa
in the late summer of 1908 or earlier and passed two winters and
three summers at Melrose Highlands, Mass. Three females of the
same lot died in hibernation during the winter of 1910-11. Notes
secured on the length of life of this species show that the limit is

three years or longer.
HIBERNATION.

The beetles received in 1909 fed freely for a time and entered
hibernation between July 16 and August 20, the average date being
July 31.

They emerged in outdoor cages in the spring of 1910 between May 3
and June 14, the average date being May 23. The cavities where
they spent the winter were from -| to 4 inches deep, or an average of

3^ incnes.

A few of these old beetles again entered hibernation in the fall of

1910 with some young adults reared the same year, the average date
of entrance being August 9. Oidy three females (one old and two
young) were still alive in the sprhig of 1911, and these were unearthed
June 7 and June 23. The beetles hibernated from 2 to 12 inches
below the surface.

THE EGG.

The egg in white, slightly approaching a creamy shade.
Twelve eggs were measured in 19J0 soon after deposition, giving an average length

oi 4.') rnm. and a width of 2.2 mm. TIk; adults of C. auropuncUdurrh Payk. run slightly

larger than C. aili/Jum Fab., hut the eggs an; muf:h smalUsr. The eggs of the former
species are elliptical in form and taper gradually toward one end.
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The average number of days passed in the egg stage was 9, for 111

eggs observed m 1910. Fifteen days were required for hatching eggs
deposited the latter part of May, when the weather M^as cool, but
only tbxee to six days were necessary late in June or early in July.

DESCRIPTION OF LARVA.

First stap'e.—Medium to small size, fusiform. Average length of 12 specimens,
9 mm.; width, 2.2 mm. Caudal appendages long, straight, bearing a few long spines.

Color shining black above, \-entral plates gi'ayish-brown.

Second stage.—Somewhat stouter than first stage. Average length of nine speci-

mens, 16.5 mm.; width, 3.5 mm. Caudal appendages stout at base, rather erect to

•dorsal protuberance, cm'ved slightly upward and gradually tapering beyond pro-

tuberance. Protuberance short, erect, and located less than one-half the distance
from base to tip. Color same as in first stage aboA'e, ventral plates dark brown.

Third stage.—Rather robust in form. Average length of foiu" specimens, 22 mm.;
width, 4.9 mm. Caudal appendages short, stout, and rather erect to dorsal protuber-
ance, cirrved upward beyond this, acute at end. Protuberance more prominent than
in second stage. Color of dorsum shining black with metallic luster, ventral plates

dark brown. No reddish-brown patch at base of caudal appendages in second or

third stages.

TIME REQUIRED TO COMPLETE LARVAL STAGES.

From 3 to 7 days are required for the first stage, or an average of

5; 3 to' 5, or an average of 4, for the second; and 10 to 14, or an
average of 11, for the third. The larvae are active and feed about 19

or 20 days. Four days are passed in the prepupal stage.

Table 26.

—

Food required to mature larvx of Calosonia auropunctatum, 1910.

ifalaco- Porfhc-
soma tri'i

Date
hatched.

ameri- di.spar

No. • cana
eaten,

ealon,
fourth to

Total.

sixth sixth
stage. stages.

2789-A June 11 5 10 21
27S9-B 111 5- 40 45
2789-C 13 3 13 16
27S9-H 14 6 46 52
27S9-I 13 4 51 55
27S9-J. 116 1 5.5 56

1 Larvse died when fnU grown.

The average number of large caterpillars required to complete the
growth of 12 larvae, 6 of which are given in Table 26, was 40.

The larvae of this species appear to be very voracious feeders, as from
16 to 66 large caterpillars were destroyed. The average for this spe-
cies was twice that consumed by larvae of Calosoma calidum.
Two larvae of this lot pupated and issued as females in July, 1910.

They came on the surface of the earth and ate 19 and 27 large cater-
pillars, respectively, before entering hibernation. These are the only
adults that have been reared and indicates that this habit may be
constant. This species resembles C. calidum in this respect.

PUPA.

Length of female, 19 mm.; width, 7.5 mm. Male, 18.7 riim. long,
7.2 mm. wide.
The larvae under observation in 1910 ceased feeding June 27 to

July 3, then entered the earth and constructed cavities. Pupation
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took place in 4 days and 12 to 13 days were passed in the pupal
stage. The adults in a few days emerged from their cavities and came
on the surface in search of food.
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CALOSOMA CANCELLATUM Esch.

[PI. XVII, C]

(Syn.: Calosoma aenescens Lee.)

ORIGINAL DESCRIPTION.

[Translation.]

Thorax very ehortj rough, bronze, posterior angles produced, elytra greenish-

bronze, obpoletely striate. Crossed with irregular short wrinkles with three series of

elevated ftblong punctures, tibiae straight.

From California near San Francisco.

Length 9 lines. Head and prothorajx colored very green, thickly punctate; pro-
thorax very short, twice as broad as long, broader anteriorly than posteriorly; indented
in frrmt in the middle, straight posteriorly; the broad, blunt hind corners project out
prominently, lateral marging broadly turned up, shield black. Elytra not much
broader than prothorax, long, indistinctly striate, all the spaces between are uneven
ber-ause of rrross lines; broad intermediate spaces have larger grooves, whereby three
row.s of long chainlike granules are formed. On elytra all depressions colored light

metallic green, all elevations very green. Ventral side of body has on the sides of

prothorax and brea.st green glimmerings; all the rest as well as the legs are black..

Middle tibiae of female straight.

This species was doscribod by Dr. Frioflrich Eschscholtz in 1829,
who recorded its ha})itat as CaHfornia near San Francisco. It has
later been taken in Arizona, C'alifornia, Idaho, Indian T(^rritory, Mon-
tana, Nevada, On^gon, L'tah, and Washington. Dr. Le(^)nte in 1854
described a new species (CalofsonM aenesccns) as occurring at Fort
Vancouver. The writers have had the opportunity of studying the

typ(! wiiich is deposited in the Museinn of Comparative /oology,
C}in)l)riflge, Mass., and find it does not differ from ('. caiicfllakimEscli.f

and it is, therefore, f;onsi(h;r(!d as a synonym of tliat species.
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COLLECTIONS AND SHIPMENTS.

The late H. M. Russell, of this bureau, on June 9, 1910, for-

warded a female of C. cancellatum Esch. from Compton, Cal., accom-
panied by a letter stating that he had found ''the larva of the beetle
feeding in a sugar-beet field on larvse of Peridroma saucia. It dis-

appeared about May 15 and was found as a beetle 3 inches below the
surface of the ground June 6, 1910." This beetle died June 14 after

its arrival at j\Iehose Highlands, ]\Iass.

April 5 and 6, 1914, Mr. J. E. Graf, also of this bureau, collected at
Compton, Cal., six males and two females of this species and for-

warded same ahve to Melrose Highlands, Mass. They were col-

lected on low shrubbery, and ^Ir. Graf stated that they feed on coleop-
terous and lepidopterous larvae.

FOOD OF ADULTS.

The adults received at Melrose Highlands, ]\Iass., April 16, 1914,

were offered larvae of N. dandestina, of which one pair of beetles

destroyed from 5 to 12 large larvae per day. M. americana and P.
dispar larvae were consumed after May 15 to about July 8, when
some of the adults died and others remained inactive in the earth.

REPRODUCTION AND HIBERNATION.

April 16, 1914, one pair of adults from California were enclosed in

a rearing jar and fed regularly at intervals. From May 8 to June 18

eggs were noted in the earth, and a total of 11 larvae hatched from
eggs deposited by this female. In another jar containing five males
and one female from the same source as above were found seven
larvae during the season. From these records it would appear that

this species is not a prolific breeder.

No adults of this species lived to enter hibernation in the fall.

EGG.

Six eggs that had been preserved in alcohol averaged 3.7 mm. in length and 1.5 mm.
in width. Color creamy-white, form elliptical, very slightly larger near the anterior

end, tapering slightly toward the posterior.

The eggs were not found as soon as deposited, therefore close data
on time required to pass the egg stage were not secured. It probably
ranges from 6 to 12 days under Massachusetts conditions when the
eggs are deposited in May, possibly less in California, the native

habitat.

BRIEF DESCRIPTION OF LARVA.

First stage.—Small, rather slender larva. Average length of six newly hatched
specimens that had been preserved in alcohol 8.1 mm., width 2.1 nun. Color dull

black dorsally, ventral plates dark brown. Ventral and lateral plates lightly clothed
with short brown haii's. Caudal appendages (1.4 mm. long) very slender.

Second stage.—Form similar to first stage. Average length of six specimens 17.7

mm., width 4.2 mm. Caudal appendages straight and rather blunt at apex. Color

similar to first stage, but of somewhat lighter shade in the specimen studied.
Third stage (PI. XVII, G).—Rather long, slender larva. Average length of six alco-

hoUc specimens 25.5 mm., width 5.2 mm. Caudal appendages rather short (1.4 mm.),
stout, slightly curved in center. Each appendage bearing stout dorsal protuberance
on the middle. Appendages taper to a long point beyond dorsal protuberance. Color
dull to shining black above, brown below. Ventral plates rather thickly set with
hairs and regular in outhne. Anteriqr ventral plates of abdominal segments 2 to 7
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oval in form -without regular marginal notches. Posterior median plates rectangular

in form and outer ventral plates on third to seventh abdominal segments oval. Pos-

terior angles of anal segment broad at base, acute at tip, projecting slightly upward.

LARVAL RECORDS.

Many larvae were reared in individual jars during 1914 which were
fed mostly on N. clandestina and M. americana larvae. Those reared
hatched May 8, 11, 22, and 24 and ceased feedmg between June 9
and 15. The larvae that hatched late in May matured in much
shorter time—18 to 22 days, while those that hatched early in May
required about one month. One and sometimes two large cater-

pillars were consumed by one beetle larva each day excepting during
the molting periods, or a total of from 20 to 35 before maturity.
Proportionately more would be destroyed if small caterpillars were
offered.

Time spent in the larval stages for a few specimens averaged as

follows : For fii-st, 5 days ; for second, 6 days, and for the third about
9 to 12 days to the date larvae ceaee feeding for making cavity.

About 4 days additional is passed in the cavity before pupation.

HABITS OF THE LARVAE.

A first-stage larva put on the bark of a white oak post, after several

tumbles reached the top (6 feet). Each time placed on with head
upward, it would tm-n the opposite direction and descend, several
times circlmg the post. Third-stage larvae showed about the same
inclination to reach the groimd when placed upon the post. They
were not able to ascend more than three feet before falling.

The slowness and awkwardness with which these larvae handle
themselves on trees indicated that their natural habits are similar

to those of C. calidum Fab., that is, remaining always on or near the
ground in search of food.

PUPA.

Two pupae (1 male and 1 female) were preserved in alcohol from
the rearings of 1914, the average measurements of which were 18.2

mm. in length and 7.3 mm. in width. June 20, 1 pupa was miearthed
from a cavity at the bottom of a jar which was then about 5 days
old, as determined from the colorations of the tarsi, eyes, and buccal
parts. The color of the pupa as a whole grew darker daily until it

died June 25. It is j)ro])able that about 10 to 12 days are required
to pass the pupal stage for this species.
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CALOSOMA SUBAENEUM Chaud.

ORIGINAL DESCRIPTION.

[Translation.
]

Length 17 mm. Like discors in form, but more naiTow and much smoother. Head
very slightly punctate, base and anterior margin smoother, impressions of face heavier.

Thorax a little smaller, very finely and uTegularly wrinkled above, more punctiued
toward sides and the base and especially towards the posterior angles which are less

prolonged backward, more broadly rounded, sides of base very hollow near the angles,

lateral margin reflexed, especially backward. Base of elytra almost as broad as

thorax, broadening^ toward the middle and rounding somewhat to the end, one half

longer than broad,* humeral angles more square although rounded; anterior part of

sides rectilinear, less convex aboA-e; striae not impressed, composed of rows of small
dots, moderately near each other, fi'om each of which a very small transverse wrinkle
covers the interstices; these dots and transA'erse wainkles are more prominent at the
sides and near the end and give the outer border a very wrinkled appearance. Shin-
ing black the upper side slightly tarnished; sides and base of thorax as well as all

sm'face of the elytra, olive green bronze; on each are three rows of dots, slightly

larger than those on the striae, the first two are obsolete near the base. As it differs

fi'oni all other species on account of the sculptm'e of the elytra and also by its narrowed
form I have placed it proA^sionally aj. the end of the series.

One specimen reported from California by M. Lorquin.

Tliis species was described as above by Baron De Chaudoir in
1869.^ It occurs in California, Idaho, and Washington.

CALOSOMA MONILIATUM Lee.

(Syn.: C. laqueatum hec.)

ORIGINAL DESCRIPTION.

Obscurely bronze, dark, head and thorax closely rugose and punctate, the thorax
twice shorter than broad, somewhat narrowed posteriorly, sides moderately rounded,
margin scarcely refiexed. base broadly emarginate, angles slightly produced, elytra

one-half longer than broad, closely grooved, calli on both sides smooth, oblong, and
pits arranged in triple row. Length .65. Oregon. Length 17 mm. Oregon. Mon-
tana.

Longer than rest, about the size of Carahus serratus Say.

This species was described by LeConte in 1852.^

In 1860 LeConte^ described Galosoma laqueatum, (Proc. Phila.

Acad. Nat. Sci., vol. 12, p. 318), but later reduced it to a sjaionym
of rnoniliatum. C. moniUatum occurs in Aiizona, California, Idaho,
Montana, Nebraska, Oregon, Washington, and in the Northwest Ter-
ritory, Canada.

CALOSOMA CfflNENSE Kirby.

[PI. VII, fig. 10.]

ORIGINAL DESCRIPTION.

Dusky, blackish-coppery above, rough, elytra marked vnth golden punctures in
triple row.
Length of body, 15 lines.

Habitat in China.
Body black underneath, blackish-coppery above, dark. Head marked with most

minute confluent punctures. Thorax rough with close punctm'es or minute wrinkles,
indistinctly canaled or furrowed dorsally, and deeply marked posteriorly on both
sides. Elytra oblong-quadrate, roughened with very numerous, very minute
granules, marked above with golden punctures in triple row. Epipleura very naiTow.

1 Chaudoir. Descriptions de Cincindeletes et de Carabiques nouveaux. In Rev. et Mag. Zoo! . (ed. by
Gueren-Meneville), ser. 2, t. 21, p. 22-28.

2 LeConte, J. L. Description ofnew species of Coleoptera from California. In Ann. Lye. Nat Hist. N. Y.
f. 1851, v. 5, p. 125-216 (p. 200), 1852.

8 LeConte, J. L. Notes on Coleoptera found at Fort Simpson, Mackenzie River, with remarks on North-
em species. In Proc. Acad. Nat. Sci. Phila., v. 12, p. 316-321 (p. 318), 1860.
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EARLY RECORDS OF THE SPECIES.

The original description of this species was pubhshed by Kirby in

1818/ its habitat bemg given as Chma. In 1831 Dejean^ rede-

scribed it as coming from the same country. The latter author
compared it with auropunctatum Payk. in general marldngs and says

it should be placed near senegalense Dej. The literature concernmg
this species is rather hmited. The writers were able to secure only
the two references above cited.

OCCURRENCE AND IMPORTATIONS.

Three himdred and fifty-three adults were collected and shipped to

the gipsy moth parasite laboratory in two years. Along with the
second shipment m 1910 were received specimens of Carahus proce-

rulus Chaud., C. tuherculatus Fisch., and Damaster Uaptoides Kollar.

A specunen received January 5, 1910, was collected and mailed by
Rev. H. Loomis, 53 Mam Street, Yokohama, Japan, while the -two

large sliipments were made from the Imperial Agricultural Experi-
ment Station, Tokyo, by Prof. S. I. Kuwana. The beetles were
packed smgly in wooden boxes with damp sphagnum moss. About
40 of these small boxes were mclosed in a large wooden box. Arrange-
ments were made with the steamship company whereby the boxes
were kept m cold storage as far as Vancouver, British Columbia, and
were then shipped by express, in larger boxes containmg ice. The moss
m many of the smaU boxes was still damp on arrival, and the beetles

on the whole were m very fine condition, 83 per cent being aUve on
receipt. They were en route 18 days.

HABITS OF ADULTS.

The adults of this species are able to fly to some extent. They
also climb trees, whicli was demonstrated in 1911. Experiments
conducted indicate that the adults are able to attack either ground
or tree inhabiting caterpillars.

FOOD CONSUMED BY ADULTS.

Daily feedmg records were kept of four pairs of beetles received

from Japan, July 22, 1910.

Table 27.

—

Feeding records offour pairs of Calosoma chinense, 1910.

Pair
No.

Date
received
from
Japan.

Ceased
feeding.

Male
died.

Female
died.

Fourth to sixth stage cater-
pillars consumed.

PoTthe-
tria

dispar.

Estig-
mcne

acraea.
Total.

4524
4525

> 452f,

4527

July 22
22
22
22

Sept. 8
9
9
9

Aug. 24 Sept. 9 55
61
50
3:{

. 138
132
92
125

193
193
142
158* July :{0

' Kirby, W. A century of insects. In Tran.s. Linn. Soc. London, v. 12, p. 375-482 (p. 379, no. St, pi.

21-Zl, I81S.
2 iJejpan, U: Comt«. Sj>ecic8 fJ<'!n<5ral des Col(5opt6res, I. 5, 883 p. (p. 503). I'ari.s, 1831.
* Female dewjsitp.d cggK.
'< Male adde<l from same shipment to replace dead male.
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All the caterpillars of Porthetria disjMV eaten by the beetles were
in the sixth stage, while the larvae of Estigmene acraea ranged from
the fourth to the sixth stage. An average of 172 large caterpillars

were eaten by each pair from the late date the beetles were received
to the end of the feeding season. The only pair of beetles that lived

emerged from hibernation June 7, 1911, and immediately began to
feed actively. From this date to July 22 the pair ate 63 sixth-stage

caterpillars of Malacosoma americana and 57 fifth and sixth stage
caterpillars of P. dispar, a total of 120. This number added to 172,

the average number eaten by 4 pairs from July 22 to the end of the
previous feeding season, equals 292, or approximately the number
eaten by the Calosoma of equal size.

REPRODUCTION.

July 22, 1910, four pairs were placed in battery jars for rearing
and feeding records. One pair was observed in copulation August 3
and from August 3 to 8, and later 54 eggs were deposited.

July 28, 1911, eight pairs of beetles just received were placed in large

battery jars, as also one pair reared in 1910 from eggs deposited that
year. The male of the latter pair died July 8, but another was
added and the pair entered hibernation August 8 without having
reproduced. Two females of the foregoing 8 pairs reproduced in

1911; one deposited 11 eggs and another 112 between August 7
and 17.

One of the eight pairs that entered hibernation in the fall without
reproducmg emerged May 13, 1912, and the female laid 217 fertile

eggs from May 25 to July 1, and died July 10. This is the largest

number of eggs deposited by a smgle female of this species in

confinement.
The notes secured mdicate that the species is fairly prohfic under

favorable conditions and, if it can be established, will undoubtedly
prove very beneficial.

LONGEVITY OF ADULTS.

One female reared from the egg m 1910 was active during the
season of 1911 and entered hibernation that fall. Jime 20, 1912, the
cage was dug up but the female was dead m the earth, 3 mches below
the surface. She died some time durmg the hibernation period and
lived practically one year after issuance as an adult.

Many adults were received from Japan during the summer of 1911
and several of them successfully hibernated the following winter, and
upon emergence were planted in colonies. The few that were left

at the laboratory for rearing during the season of 1912 died toward
the end of the summer before reentering hibernation. These adults
hved two summers and one winter in confinement.
The data at hand show that the adults live at least two years, and

it is very probable that three years is the usual limit as with some of

the other species of the genus.

HIBERNATION OF ADULTS.

Three pairs of beetles received from Japan July 22, 1910, fed until

September 10 of the same year and entered hibernation. As it

happened, the beetles were collected and shipped at the time of their
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greatest activity, and as they were deprived of food en route for about
three weeks, this probably had some influence on the date on which
they entered hibernation. These beetles made cavities from 4 to 6

inches deep in loose soil, but all died before emergmg the following

sprmg.
One pair of adults reared in 1910 issued from pupae September 13

and IS and on September 26 were transferred to hibernation cages

out of doors. Jmie 7, 1911, the male emerged and the female was
removed on that date. Both were m cavities 3 inches below the

sm"face. The male died durmg the summer of 1911, but the female
again entered hibernation August 12.

July 8, 1911, a large shipment of adults was received from Japan.
Sixty-three males and 48 females out of the shipment were placed in

a large outdoor hibernation cage and food was furnished them untU
they sought hibernation. Slightly less than one-third of these

emerged successfully the follo^vino; spring. In Massachusetts August
12 is the average date for entering and June 7 for emerging from
hibernation.

There can now be no question that adults of this species can
withstand New England winters.

COLOnES OF CALOSOMA CHINENSE LIBERATED IN 1911 AND 1912.

August 2, 1911, 60 females and 50 males, received from Japan
Jul}" 28, were lilierated in marsh land covered with weeds and grass
along the Charles River in Cambridge, Mass. Larvae of Estigmene
acraea were so abundant in this area that 2,500 specimens had been
collected for use at the laboratory just previous to the date (Aug. 2)

on which the beetles were hberated. On August 4 Mr. W. L. Whit-
head visited the colony and saw four beetles, 2 of which were feeding
upon caterpillars. This colony was visited by Mr. Dudley on May 7,

1912, and again on June 4. No insect life of any kind was found on
the marsh on the former visit; on the latter date one male of Calo-
soma Chinese was found a few feet from where the colony was originally

planted. At the time of this visit there was no evidence of the
feeding of caterpillars of Estigmene acraea on the weeds and grasses,

and it is probable that the beetles were forced to migrate in search
of food. No be(>tles have since been found in this colony.
At Stonehum, Mass., May 15, 1912, 15 males and 15 females, which

were received from Japan in July, 1911, and which hibernated in am .Jap

a

:; in thelarge outdoor caj^e in the laboratory yard during the following winter,
were liberated in a market garden where cutworms were doing
considerable damage. On June 4 the colony was visited by Mr.
Dudley but no adults or larvae were found. The cutworms at this

time wen; not so numerous, but caterpillars of Pontia rapae and
Autograplui brassicae were present on the cabbage plants. No further
evid('n(;(' lias been found that the species has b(K;ome established.

Pelliiun, N. l\., ,)u\u) 21, 1912, Mr. H. I. Winchester took 128 first,

second, and third stage Jarva; from th(>, laboratory and liberated them
in a w(»o(|](»t badjy infested wilh the gipsy moth. An examination was
made in the fall of 1913 l)ut no traces of the be(!tlea were secured.

THE EGO.

Ktf{^ whitf, approar-hirif; a crftamy Bhado, almost oUiptical in form, slightly rurvod,
usually a liulo ian'cr ;ii. dut: find. Tr-ti frrah eggs averaged 4.4 mm. in length and 2
mm. in width.

I
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BRIEF DESCRIPTION OF LARVA.

First stage.—Small, rather stoiit. Average length, of 10 specimens, 7.8 mm.; width,
2 mm. Caudal appendages 2.4 mm. long, straight, slender, bearing many long slender
spines. Color blackish bronze above, ventral plates dark brown.
Second stage.—Stout. Average length of 10 specimens, 14.4 mm.; width, 3.3 mm.

Caudal appendages long, rather erect, and curved upward beyond dorsal protuberance
which arises less than one-half the distance between base and tip. Color slightly

lighter than in first stage.

Third stage.—Robust in form. Average length of 10 specimens, 22.5 mm.; width,
4.3 mm. Caudal appendages similar to those in second stage, dorsal protuberance
prominent, acute. Color bronze to blackish bronze, with pronounced metallic luster.

No reddish-brown patch on dorsum of last segment in second and third stages.

LENGTH OF TIME REQUIRED TO COMPLETE THE LARVAL STAGES.

Observations were made on larvae in 1911 to determine the length
of time requhed to complete each stage. The records indicate that
the first stage requires 4 days, the second 8, and the third 14; about 7
days additional are requii'ed in making cavities for pupation.

Table 28.

—

Food eaten by larvae of Calosoma chinense.

Number Number
Estig- Hyphan-
mene tria Number

No. Date
hatched.

acraea
cater-

pillars

cunea
cater-
pillars

Porthet-
ria dispar Total.

eaten,
fourth to

eaten,
fom-th to

pupi©
eaten.

sixth sixth
stages. stages.

1910.

4.526-AC.. Aug. 15 5 54 3 62
4526-AE . ...do.... 4 38 1 43
4526-AF.. ...do.... 4 61 2 57
4526-AH . ...do.... 2 49 2 53
4526-AI.. ...do.... 4 63 i 68
4526-AJ.. ...do.... 4 37 3 44
4526-AK . ...do.... 4 53 1 58
4526-AL.. ...do.... 4 45 2 51
4526-AM . ...do.... 4 67 2 73

All the larvae cited in Table 28 died on becoming full-grown,

except No. 4526-AK and No. 4526-AM, one of which escaped from
the jar whereas the other pupated. The principal reason for the death
of the larvae was that the walls of their cavities for pupation collapsed.

The average number of caterpillars and pupae required by each
larva for food was 57. One caterpLllar of Estigmene acrxa or one
pupa of Porihefria dispar is equal in sustenance to two or three

caterpillars of Hyphantria cunea, and on that basis the average amount
of food would be 25 to 30 medium-sized caterpOlars. This number
conforms very closely to the number consumed in 1911 when cater-

pillars of medium size were used.

HABITS OF LARV^.

Some experiments were conducted to ascertain whether these

larvae will climb trees to obtain food. (PL III.)

The experiment was started August 15, 1911, with two first-stage

larvae. They remained in the experiment two days, but did not
attempt to climb. One larva was placed on the tree and climbed
upward about 6 inches before faUmg.
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August IS, 22 second-stage larv?e were left inside the tin circle. One
larva was placed upon the bark and climbed slowly, then rested for a
tune m^ a crevice, later resummg its journey upward, and finally

succeeded in reaching the cage at the top of the tree. This larva also

climbed out 6 inches on a small twig. During the night of August 21
one of the larvae clunbed to the food cage on top of the tree, ate part
of a gipsy-moth pupa, and descended to the base before 8 a. m.,
August 22. In this particular case it was impossible to determine
whether a second or third stage larva had entered, as one specimen
had transformed to the latter stage.

From August 22 to September 4, third-stage larv?e were placed in

the chcle about the tree. On the afternoon of August 24 one third-

stage larva was found feeding in the food cage at the top. On
August 30 two different third-stage larvse were liberated in the
circle and later one of these was placed upon the tree, on which it

continued to clmib at mtervals until it reached the food cage. On
September 1 one thhd-stage larva was found in the food cage. It

had eaten one pupa of Plusia hrassicx and one caterpillar of Hyphan-
tria cunea.

The larva? of this species climb to some extent in all stages. The
experiments indicate that the large larvae climb the best.

The average length of the female pupa is 19.6 mm. and the width
8.1 mm.; the male pupa averages 17.5 mm. in length and 8 mm. in

width.
Based on data secured from four specimens, an average of 13.5

days was passed in this stage.

CALOSOMA DISCORS Lee.

ORIGINAL DESCRIPTION.

Wingless, less elongate, black, thorax short, quite intricately rugose, with sides

quite rouaded, margin somewhat depressed, base emarginate, broader than long at

middle, elytra oval, slightly broader than the thorax, densely substriate with strise

and interstices bearing a row of punctures, and with three rows of impressed indis-

tinct dots.

Length 0.75 to 0.82. [PI. I, fig. 9.]

LeConte ' adds the following to this description:

San Fran. Mr. Child; Sacramento, Mr. J. Wittlck. This species by its short, robust

form, and by the absence of wings, simulates Callisthenes, but the antennae are as in

other species of Cal.

Body black, without metallic lustre. Head elongated, rough, with confluent

wrinkles and punctures; antenna? with the third joint strongly compressed twice as

long as the fourth, fifth and following joints entirely pubescent. Thorax more than
twice as wade as the head, and fully twice as wide as its length, not convex, margined,
with the sid&s sf>mewliat depressed behind, but not reflexed; base transversely im-
pressed, and faintly bifoveate; middle part truncate, posterior angles moderately
produfofl, hardly a'-ute at apex. Elytra oval, moderately convex, a little \vider than
the thorax, marked with faint approximate striu;, which are strongly piuictured; the

narrow interstices are also marked each with a row of punctures equal to those of

the Htriif;; in certain lights three rows of very indistinct fovejc may be seen in the usual

Ix>8ition

.

This species has also l)een reported from Washington and many
lofalities in (.'alifornia.

' LeConte, J. L. Iif;f)ort, upon insects collfsotcd on tlio Kun'cy. (Uoports of oxplorritinns and siirvoys

U> a.v;«;rt,;iin the mo^t prjifrticablo iind ftfonomioal roiito for a railroad from the Mis.sissippi liiv(ir to the

Pacific Oc«,!in. Made liiider tlie direction of the Hecrelary of War in ISSMSSS. Supplement to v. 1. Zo-
ological report no. I.) 72p.,2pl. (p. :il, pi. l.flK. 0). 1S57.

(
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CALOSOMA WILKESII Lee.

ORIGINAL DESCRIPTION.

Deep black, punctate, with thorax mere than twice shorter than broad, narrowed
posteriorly, sides quite rounded, margin somewhat reflexed, base broadly emarginate,
posterior angles slightly produced, elytra nearly one-half longer than broad, not
dilated posteriorly, rugose-punctate, with pits on both sides faintly marked in triple

row. Length 0.65. Oregon. I have seen a specimen also in collection of the cele-

brated Exploring Expedition led by Charles Wilkes.

Tkis species was described by LeConte ^ in 1851 and has since

been reported as occurring in California, Idaho, Oregon, and Wash-
ington.

CALOSOMA LUXATUM Say.

ORIGINAL DESCRIPTION.

Brownish-black; elytra reticulate; head and thorax minutely punctured.
Inhabits Arkansas.
Mandibles flattened above, rugose, with oblique lines: head punctured: antennae,

second joint half as long as the third; thorax minutely punctured, punctures larger

and confluent on the lateral margin; posterior angles rounded, extending backwards
a little beyond the basal line; an impressed longitudinal line: elytra suborbicular,
reticulate; longitudinal lines not more dilate or profoundly impressed than the trans-

verse ones, which are not continuous, the points of intersection not distinguished by
a puncture; the three punctured striae obsolete, their traces hardly discernible in a
certain light and not differently colored.

Length more than three-fifths of an inch.
This insect has the short, transverse thorax of Calosoma, but the proportions which

the joints of the antennae bear to each other are similar to those of many Carabi; the
transverse lines are dislocated by the longitudinal ones.

Described by Thomas Say in 1823. Since that time several other
species have been described which are generally considered as varie-

ties of luxatum. Among these are striatulum Lee, zimmerTnani Lee,
and pimelioides Walk. The former is undoubtedly a synonym of

luxatum Say and the latter of zimmermani Lee. The writers have
seen specimens of Calosoma striatulum Chev. from Arizona, which was
described in 1835 by A. Chevrolat, habitat, Perote, Mexico.^
A few writers believe that some of those above-mentioned are dis-

tinct species^ but the writers are unwilling to separate them in this

way without havmg a large amount of material for comparison and
study, and this is not available at present.

The bibliography is all listed under C. luxatum with a summary of

the notes given on it and its varieties by various authors. It is the
belief of the writers that a careful revision of this species and its

so-called varieties should be made.
The writers feel, however, that a more complete series of specimens

should be available for study before this is done, hence the whole is

considered under luxatum and its varieties.

1 LeConte, J. L. Description of new species of Coleoptera from California. In Ann. Lye. Nat. Hist.
N. Y. f. 1851, V. 5, p. 125-216 (p. 200).

2 Tlie writers have received the loan of some material in this group from various entomologists of the
United States, also have been in correspondence with Dr. E. C. Van Dyke, of the University of Cali-
fornia, who has a large collection and who intends publishing later. The writers appreciate the need of
detailed work in this group and give way to one who possesses the material for properly treating it.

3 Col. Thos. L. Casey, in his " Memoirs on the Coleoptera IV " (Lancaster, Pennsylvania, 1913, p. 66-75),
holds this view. He has subdivided the genus into Calosoma and Callisthenes, listing under the latter
luxatum Say, zimmermani Lee, striatulum Lee, pimelioides Walk., latipenne Horn, and several new spe-
cies and subspecies.

r
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DISTRIBUTION.

Some of the museum and experiment-station collections of the

United States contaui numerous specimens of G. luxatum Say, C.

zim memia ni Lee. , and 0. striatulum Lee. Among the States and Terri-

tories where C. luxatum Say is reported as occurring are Arizona,
Cahfornia, Colorado, Indian Territory, Kansas, Montana, Nebraska,
Nevada, Oregon, Utah, Washmgton, and Wyommg. Those for C.

ziminermaniljeG. are California, Kansas, Montana, Nebraska, Nevada,
Oregon, Texas, Washington, Wyoming, and the Rocky Mountams
without a State label. It is also reported from Canada. 0. striatu-

lum Lee. has been reported from Arizona, California, Colorado, Idaho,
Kansas, Nebraska, Nevada, Utah, and Wyommg.

April 25, 1910, IVIr. J. A. Hyslop of tliis bureau forwarded to the
gipsy moth parasite laboratory several hve beetles collected at Govan,
Washington. One male and two females were placed in a jar of earth
and fed larvae of Noctua dandestina and Malacosoma americana. The
females consumed 16 full-grown larvae of the former and 3 of the
latter species before May 24, when the last died. The male died in

two days and did not feed.
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1860. LeCoxte, J. L. The Coleoptera of Kansas and eastern New Mexico. Smith-
sonian Contributions to Knowledge, Vol. II, p. 4. .
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CALOSOMA LATIPENNE Horn.

ORIGINAL DKSCRIPTION.

Allied to luxatum Say, but differs from all the races of that species in having a pro-

porlionat<'ly smaller head. Ijroader thorax with more rounded sides and more l>roadly

reflexed margin, apex less decj)ly emarginate, basal angles more broadly rounded;
elytra more broadly oval, marginal groove deeper from the more strongly reflexed
margi n

.

Color l)lack and shining, head sciilplurcd as in the smooth forms of lu.xal.um.; thorax
mod('ra1<'lv' fonvfx. di.sf sinoolli willi llm Micdiiui iiiic! diHtiiul, \vi(h tlie sides coarsely
piirictur<!d arifl wrinkled. Elytra broadly oval, sinootli and shining, disc with approx-
imate striae of very line punctures, margin broad as compared with luxatum and equal
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in its entire length except at base, where it is narrower, rather densely muricateh''

punctiu'ed and in well-preserved specimens of a greenish-bronze color. Under surface

and legs black andshining almost entirely smooth and impunctnred . Length .54-0 .68

inch; 14-17 mm.
In most of the specimens before me the margins of the elytra immediately behind

the humeri have three or four very distinct ser.-ations. This character is quite com-
mon in the species of the tnste gi'oup, but not seen in any of our species of the
group CalliMhenes.

On compaiison the male of this species is found to be as broad as the female of

discors Lee, the elytral margin broader and the sm'face sculpture of a different order.

Collected by IVIr. Win. M. Gabb and myself in the elevated regions of the South
Sierras of California.

Described by Horn ^ in 1870. The species has later been taken by
various collectors in several localities in California and in Reno, Nev.

CALOSOMA AUROCINCTUM Chaud.

(Syn.: C. splendidum 'Perhosc.)

ORIGINAL DESCRIPTION.

[Translation.]

Length 11-13 lines. This species is very distinct from the true C. splendidum
Mannerheim, species from Haiti, as I have been able to convince myself by the exam-
ination of many indi\T.duals of each of the two species. Splendidum is of a beautiful
uniform coppery green, while aurocinctum is of a metallic green, approacliing blue, with
the margins of the thorax coppery and those of the elytra of a brilliant coppery red.

Head less hea^dly punctate; longitudinal impressions of the face much more marked.
Thorax proportionately broader and more strongly rounded on the sides. Elytra less

elongate, broadening more posteriorly; striae less heavily denticulate; intervals less

convex. Legs blue; the antennte, mouth parts, legs, and tarsi which are reddish in
splendidum, have a much dai'ker color in aurocinctuin. The habitat of this species is

Mexico. I believe that it has notliing in common with wilcoxi Lee.

GENERAL NOTES.

This species was described by M. de Chaudoir ^ in 1850. The author
bases his description on many individuals of this species collected in

Mexico and compares it with splendidum Mann, from Haiti. Bates,
in 1884, in his Biologia Centrah-Americana, Hsted splendidum Perbosc.
as a synonym of aurocinctum Chaud.
Some years ago Mr. C. H. T, Townsend collected a specimen of

aurocinctum Chaud. in Brownsville, Tex., which is deposited in the
United States National Museum. The fact that a specimen has been
taken in the United States is the reason for its mention here.

CALOSOMA DIETZn Schaef.

ORIGINAL DESCRIPTION.

Form of discolor, deep black, the reflexed elytral margin, base and sides of prothorax
with a bluish reflection. Head sparsely punctate and very feebly rugose, epistomal
impressions deep, causing a light convexity of the front; labrum angularly emarginate,
rugose and impressed; mandibles stout, faintly rugose; antennae nearly as long as the
head and thorax, the outer joints at sides glabrous at base. Prothorax not quite twice
as wide as long, widest before the middle, sides arcuate anteriorly, becoming nearly
straight posteriorly, hind angles broadly arcuate and produced posteriorly, base slightly

arcuate-truncate, apex broadly emarginate, with a broad, flattened, impunctined
bead; disk moderately convex, basal angles feebly impressed and slightly reflexed,

smiace very feebly rugose, finely and sparsely punctate, the punctm'es larger at sides,

1 Horn, G. H. Contributions to the Coleopterology of the United States. In Trans. Amer. Ent. Soc,
V. 3, p. 69-142, pi. 1 (p. 70), 1870.
^Chaudoir, Baron de. Memoire sur la famille des Carataiques. In Bui. Soo. Imp. Nat. Moscou, t. 23, p.

349-460 (p. 420), 1850.
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coarser and more confluent in the l^asal region, median line fine. Elytra oval, not
quite one-half longer than wide, very little broader than the thorax in its widest part,

sides slightly arcuate, margin evenly and narrowly reflexed and coarsely rugosely
punctate with a few granules intermixed; disk convex, strise composed of fine, feebly
impressed punctm-es, pimctation of intervals finer and sparser; sm-face smooth.
Length 15-lS mm.; width 7-S.o mm.
Tulare Co., Calif. Two males and two females in coll. Dietz which were mixed

with typical latipennis.

This is the species referred to as latipennis by Major Casey in the remarks following
the description of his amtata. The true latipennis has a narrower thorax, similar to
luxatum, diffcredit form of ehi;ra, the humeri serrate and the elytral margin more
narrowly reflexed near base than at apex.

C. dietzii is best placed near discors, which it more resembles than latipennis.

This species was described by Charles Schaeffer ^ in 1904.

CALOSOMA MAXIMOWICZI Mor.

[PI. VII, fig. 9.]

ORIGINAL DESCRIPTION.

Obscnrely greenish-copperv above, prothorax greatly rounded on the sides, some-
what narrowed posteriorly, but not contracted, elytra punctate-striate, interstices

imbricatoly-grol)^ed transversely, little dots impressed in series on the foiuth, eighth
and twelfth.

Female 27 mm.
Collected by Maximowicz on the way between Skabi and Ssawara.

This species was described m 1863 by A. Morawitz.^ In 1883 it

was reported by Bates at "Foot of the Koniauotake; taken in abun-
dance by shaking young oak trees."

In December, 1909, a dead beetle of this species was received from
Rev. H. Loomis, Yokohama, Japan, and during the following sum-
mer a pair of beetles were received from Dr. Kuwana , but both died
without feedmg.

CALOSOMA SPLENDIDUM Dej.

ORIGINAL DESCRIPTION.

[Translation.]

Greenish, shining; elytra crenate-striate, small punctmes impressed in triple rows;
margin, tibise and tarsi black.

Length, 11.^ lines; breadth, 5^ lines.

It re.sembles in form strutator, but it is smaller, and its color dorsally of a beautiful
metallic green, very shining. The head is pnjportionately smaller than that of sa'u-

Uitor; it has two very marked longitudinal recesses, between the antennae, and it is

covered with small sunken dots scarcely marked and not close to each other. The
labrum, the mandibles and the palpi are black. The antennte are missing in the only
female individual which I po.ssess. The eyes are brownish and very protruding.
The thorax is less broad and less transverse than that of sa-utator; it is narrowed pos-
teriorly and covered with irregular wrinkles scarcely distinct; tire longitudinal line
of the middle is very marked; the posterior transversal impression is heavily marked,
and it has on each side of the base a very distinct rounded impression; the anterior
margin is trunfate; the anterior angles are rounded ; the sides are margined and some-
what recurved; the posterior angles are very pointed, and the base is deeply sinuate.
The elytra have almost the same form as those of scrutator, and are striate and punctate
in almost the same manner. The undorKido of the body and the legs are of the same
color as the dorsum. The legs are of a sort of brownish-black. The tarsi are black.
The me.sothoraf ic legs are slightly arched

;
the metal horaric are stniight.

It has been sent to me by < nunt Miiiinfihcini undfr tlio narno tiiat 1 have kept for

it, as coming from San I)omingo.
It should be pla(;ed after scrutator.

' Schaeffer, C. New genera and specfcH of Colnontera. Tn Jour. N. Y. Ent. Soc, v. 12, no. 4, p. 197-236

(p. i'j7). i'.m.

^Mtirawitz, A. Ueltrag zur Kafcrfaoriii dcr iji.si!l .Icsso, v. 1, p. 20, pi. 1, lig. 7, 1803.

I
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This species, type specimens of which were forwarded to Dejean
from San Domingo by Comit Mannerheim, was described by the
former in 183].^ Dejean in his description gave Mannerheim as the
authority for his new species, and the name of the latter has been
erroneously quoted by many authors since that tune.

According to recent writings of Mr. Chas. Schaeffer^ this species,

has made its appearance in the United States and the following notes
concerning its occurrence are copied verbatim:

Two of the interesting additions to the coleopterous fauna of the United States, of

.

which short descriptions are given below, were collected in Chokoloskee, southwestern
Florida, and kindly given me by Mr. George Frank; the third: which I owe to the
liberality of Mr. G. W. J. Angell, was collected at Enterprise, Fla., by C. W. Brownell.

A correction was added by the same author in 1910 ^ to the effect

that he had ''reported this species wrongly from Enterprise, Fla.

It was taken, as Mr. Angell informs me, in moderate numbers at lights

in Key West, Florida."

1 Dejean, le Comte. Species General des Coleopteres, v. 5, 883 p. Cp. 558-559), 1831.
2 Schaeffer, C. Three Cuban Coleoptera new to the fauna of the United States. In Jour. N. Y. Ent.

Soc^ V. 17, p. 148-150, 1909.
3 Schaefler, C. Additions to the Carabidse of North America with notes on species already known. In

Sci. Bui. BrookljTi Inst. Arts and Sol., v. 1, no. 17, p. 391-405 (p. 391), 1910.
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INTRODUCTION.

Western yellow pine^ (Pinus ponderosa Laws.) is known throughout

its range simply as pine or yellow pine, and in the lumber trade of

the Northwest as western pine. It is sometimes called western soft

pine or, more rarely, Oregon white pine. The terms used by California

lumbermen are "western white pine" and "California white pine."

It is the most widely distributed pine in the United States and

one of the most valuable. It is suited to a great variety of uses and

throughout much of its range suppUes nearly every local need. Its

large size, good form, occurrence in large and easily accessible bodies,

and the high technical quahties of its wood place it near the top of

the list of commercially important American timber trees. The

reported cut in the United States in 1915 was 1,252,244,000 feet,

which places yellow pine seventh in rank if the oaks are considered

collectively. California leads the States, with a cut (in 1915) of

389,091,000 feet, and Oregon is third with an annual output of

189,203,000 feet. There is estimated to be in the United States

1 Seven distinct species of pines occur naturally in the State of Oregon: (1) western white pine (Pinus

monticrila), the "Idaho while pine" of the markets, a valuable timber tree found in Oregon in rather

limited quantities, chiefly in the mountains; (2) sugar pine (Pinus lamhertiana), the important timber

tree of California, which in Oregon occurs chiefly in the Cascades and other ranges in the southwestern

part of the State; (Z) white bark pine (Pinus alblcaulis), a small, scrubbj' tree found on mountain tops

throughout the Northwest; (i) knobcone pine (Pinus aUcnuala), a small tree of almost no commercial

importance, which is found hero and there in dry situations in the southwestern portion of the State; (5)'

lodgepole pine (Pinus contorla), also locally called black pine, jack pine, and shore pine, a small yet ex-

tremely hardy and aggressive tree that grows on both the coastal strip and nearly up to timber line on

the mountains and covers vast areas of plateau in the central part of the State with pure stands of small

trees: ^f>) JefTroy pine (Pinus jef/rcyi), a timber tree of the Siskiyou Mountains and Califoniiii, which

strongly resembles western yellow pine; and (7) western yellow pine (I'inus ponderosa).

54891°— Bull. 41S—17 1
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400,000,000,000 feet of this pine, more than there is of any other

single species except Douglas fir. The annual cut is less than 0.004

of the stand.

Western yellow pine occurs naturally from southern British

Columbia to Lower California and northern Mexico, and from the

Pacific coast nearly as far east as to the one-hundredth meridian.

It is found in the forests of every State west of the Great Plains, and
in more than half of them it is the most important and valuable

forest tree. In Arizona and New Mexico there is a western yeUow
pine forest which is said to be the largest continuous body of timber

in the country.

DISTRIBUTION AND ABUNDANCE IN OREGON.

Of the 12 States in which western yellow pine occurs, California

has the largest area of forests composed chiefly of this species, and

Oregon comes second. Together these two States contain nearly 50

per cent of the area of cormnercial yellow-pine forests, and probably

as large a proportion of the merchantable timber. Western yeUow
pine occurs on about 14,000,000 acres in Oregon, practically a quarter

of the State and half of its timbered land. Of this area about

10,000,000 acres may be classed as commercial forest, the estimated

stand amounting to 70,000,000,000 feet, or an average of 7,000 feet

per acre, inter-forest waste areas included. Although the yeUow-
pine forests cover a larger proportion of the State than do the Douglas-

fir forests, the fir stands are so much denser that the estimates show
four times as much Douglas fir as they do yeUow pine. The yeUow
pine amounts to from 15 to 20 per cent of all the commercial timber.

The distribution of yellow pine in Oregon is shown in Plate I.

The areas of commercial forest, in which yellow pine forms at least 25

per cent of the stand and in which the quantity is large enough to be
logged profitably, are shown in the shaded portions. The botanical

range is indicated by a dotted fine. The species is found from Bonne-
ville on the Columbia River eastward to Idaho and southward to

Cahfornia through all the timbered portion of the State east of the

Cascade Mountains. North of the Umpqua River and west of the

Cascades it occurs only in small stands in the Willamette VaUey.
The altitudes at which it is found range from the lowest zone of

forest growth on the borders of the sagebrush desert, the ''dry tim-

ber fine," which is at from 2,500 to 3,500 feet in eastern and central

Oregon, up to 5,000 or 6,000 feet (scattered individual trees even

going to 8,000 feet) on the slopes of the mountains. At this height

the humidity is greater and the yeUow pine gives way to a forest of

moisture-demanding species. In the southwestern part of the State

yellow pine occurs abundantly on the west slopes of the Cascade
and Siskiyou Mountains, from the valley floors to altitudes of 6,000

feet, particularly in warm situations.
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The important yellow-pine land of the State may be grouped into

thi'ee sections: (1) The Blue Mountain region, embracing all the tim-

bered land in the northeast quarter of the State, an area that is prac-

tically surromided by treeless country and to a large extent consists

of rolling hills; (2) the eastern slope of the Cascades and their out-

standing ranges, a zone of mountain tops and plateaus, which is bor-

dered on the west by the summit of the range and on the east by
desert, and on which yellow pine forms 80 per cent of all the com-
mercial timber; (3) soutJiwestern Oregon, embracing the Siskiyou

Mountains and the western foothills and slopes of the Cascades south

of the Umpqua River. The timber in these regions is distributed

as follows

:

Regions.

Acres of

commer-
cial yellow

pme.

Total stand
in thou-
sands of

feet b. m.

Blue Mountains. .

.

East Slope Cascade
Southwest Oregon.

Total

4,276,000
3,400,000
2,330,000

31,350,000
33,185,000
6,830,000

10,006,000 71,365,000

Most of Oregon's 70,000,000,000 feet of yellow pine occurs in 10

counties, each of which has over 1,500,000,000 feet b. m. and 300,000

acres of commercial yellow-pine timberland. In the order of the

volume of their standmg yellow pine, the counties are thought to

rank as follows: Klamath, Crook, Lake, Grant, Jackson, Wallowa,

Baker, Wheeler, Harney, and Union. Table 1,^ prepared in 1912 and
1913, indicates the acreage and amount of yellow pine in private and
in Goveriunent ownership for the counties in which it occurs in com-
mercial quantities.

Table 1 .

—

Ownership and stand of yellou pine in Oregon, by counties.

,, ,^„ Privately owned yeUow-
Countj. pine timberland.

Government yellow-puie
timberland. 2 Total

Baker
Acres.
213, 168
.535,346

59,520

Feet b. in.

1,536,000,000
6,847,900,000

45,400,000

Acres.
306,064
638,115
493,721

Feet b. m.
1,345,000,000
6,415,000,000

55, 300; 000

Acres.
519, 232

1, 173, 461
553,241

Feet b. m.
2 881 000 000

Crook
Curry

13,262,900,000
100,700,000
3 20,000,000

8,168,000,000
2,624,000,000

30,000,000
5,6.54,000,000

1,018,400,000
18,118,600,000
8,840,000,000
•40,000,000
920,000,000
508,000,000

1,9.56,000,000

3,333,500,000
1,200,000,000
2,687,000,000

Grant 301,820
Harney 36,960
Hood River 6,000
Jackson

,
.592,751

Josephine 773,927
Klamath 836,7.50

Lake ' 301,.539

2,85.3,666,666
339, 000, OfW
18, 000, ()(K)

.5,431,000,000
721,600,000

7,393,000,(X)()

3,340,000,(JOO

884,200
315,335

4,000
31,840

363, 327
994,000
569, 232

5,315,000,000
2,285,000,000

12,000,000
223,000,000
296,800,000

10,725,600,000
5,.500, 000, 000

1,186,020
352,295
10,000

624, 591

1,137,254
1,830,750
870,771
']5,000
137, 200
67,200

355,440
6S8, 486
185,000
300, .565

112,200
32,200
235,640
171,330
4O,0OfJ

198,875

777, (KXJ, 000
275, 000, OfX)

1,.501,000,01X1
l,80H,.50O,(MK)

280, 000, OCX)

l,.586,000,fXX)

25,000
35,000
119,800
517, 156
145,000
101,690

143,000,000
233,000,000
395,000,000

1,.525, 000, 000
920,000,000

1,101,000,000

I'nion
Wallowa

Wheeler

Total 4,448,026 34,812,4(XJ,000 1 .5,543,480 36,489,700,000 10,000,506 71,362,100,000

* From a compilation prepared largely by Forest Examiner R. M. Evans on the amount, distribution,
and ownership of vellow 7)ine in Oregon.

* All within the National Forests except that which is within the Klamath and Warm Springs Indian Res-
ervations and the small amount owned by the State.

» Estimated; fX'foirs as Sfsii,t*rcd trees.
* Estimated; occnirs chiefly as scattered trees.
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DESCRIPTION.

Western yellow pine is a large, well-formed timber tree.^ In old

trees the bole is usually straight and fidl-formed. It is well cleared

of dead branches, but usually clothed with live branches for from
one-half to two-thirds its height. The maximum diameter is 8 feet

and the maximum height 220 feet.^ The largest tree measured in

the course of a volume study of over 2,500 feUed trees in various

parts of Oregon was a little over 6 feet in diameter at breastheight

and the tallest was 177 feet high. The usual size at maturity is about

3 J feet in diameter and 110 feet in height. Table 2 gives the prevailmg
height of yellow-pine trees of various diameters in two regions of the

State, one near Lookingglass Creek, Union County, growing excep-

tionally tall, fine timber, and the other near the edge of the desert at

Bend, Crook County, where the timber is short. Most of the yeUow-
pine timber of the State would fall between these two extremes.

Table 2.—Average total height of several hundred trees of various diameters on two sites,

one exceptionally goodfor tree growth and the other poor.^

Diameter at
breastheight.

Total height.

Diameter at
breastheight.

Total height.

Diameter at
breastheight.

Total height.

Look-
ing-
glass
Creek.
Union
County.

Near
Bend,
Crook
County.

Look-
ing-
glass
Creek,
Union
County.

Near
Bend,
Crook
County.

Look-
ing-
glass
Creek,
Union
County.

Near
Bend,
Crook
County.

Inches.

12
14

16
18
20

Feet.

71

82
91
100
108

Feet.

""ih"
57
65
72

Inches.
22
24
26
28
30

Feet.

115
121
127
131
135

Feet.
78
84
88
92
96

Inches.
32
34
36
38
40

Feet.
138
142
146
149
152

Feet.

98
101
102
103
104

1 In the Appendix are two volume tables which show the average contents in board feet of trees of various
diameters and heights for two regions in Oregon. The average tree over 16 inches in diameter in the virgin
stand contains about 1,000 board feet, and the average log about 250 feet. Trees with a volume of over
5,000 feet are very rare.

The bark of the trimk in yomig trees is dark gray-brown, roughly

fmTOWed, and from 1 to 3 inches thick; in old trees it is tan colored

(or "yellow"), is broken with rather large, irregular plates, and is

commonly about 1 inch in thickness, and on very old trees even

thmner. The crown is at first bluntly conical, but, as the tree

matures, it becomes more and more roundheaded and bushy; on

old trees it is quite fiat-topped, and the upper branches are heavy and

gnarled. The root system of mature trees consists of extensive, deep

branching laterals which give the tree firm support. The foliage is

not extremely heavy, so that the shade cast by yellow pines is not

1 The forest characteristics of this tree vary decidedly in different parts of its wide range. The yellow-

pinestands of the Black Hills are quite unlike those of the mesas of the Southwest, which are in turn unlike

those of the eastern Oregon plateau or of the Sierra Mountains of California.

2 Measured by John Muir in the Sierra Mountains of California.
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dense. The needles are usually from 4 to 6 inches long, on the best

soils as long as 11 inches; and they are borne in clusters of three.

The term "bull pme" is frequently applied to the yoimger yellow

pines in an imeven-aged stand, usually those of rapid growth up to 18

or 20 inches in diameter and 100 or 150 years old. These immature,

rapid-growing trees, or "bull pines," are quite different in appearance

from the mature trees, or "yellow pines"; the bark of the young

tree is much thicker, darker colored, and more furrowed; the crown

s denser, longer, and more pointed ; the wood is heavier, more sappy,

and coarser grained ; and the annual rings are more clearly defined.

This has sometimes led to the belief that "bull pine" is a distinct

species of pine, which it is not. Sometimes, particularly on wet soils,

a tree wlU retain the "bull pine" characteristics to a considerable age

and xuitil it is 30 or more inches in diameter. The term "bull pine"

is synonymous with the term "black jack," which is used in Arizona

and New Mexico to denote yomig yeUow pines; the relation between

"bull" and "yellow" pine is analogous to that between "red fir" and

"yellow fir" (the two types of the coast Douglas fir), or between

"sapling pine" and "cork pine" (the two types of the Lake States

white pine)

REQUIREMENTS.

CLIMATE.

Western yellow pine flourishes best in the heat and dryness of a

continental climate, such as that on the interior plateaus and moun-
tain slopes. In the north or on the highest slopes, where the growing

season is cold, its development is much poorer than where the sum-

mers are long and warm. Though it shows a preference for sunny

climates and warm situations, it can, however, endure severe winters

and temperatures far below zero. In situations where it flourishes

in central and eastern Oregon, the mean annual temperature goes as

low as 42° F. and the mean summer temperature ranges from about
50° to 60° F., a maximum temperature of 100° F. being not

uncommon.
Yellow pine will resist drought better than any other important

commercial tree in the State. It forms splendid forests where the

precipitation is only 18 inches ayear and the summer dryseason is long.

Where the rainfall is but a little less than this the forest gives way
to a treeless, sagebrush, or bunch-grass flora. Yellow pine also does

well where the precipitation is much heavier—40 inches or more

—

but its development is by no means proportionately better in the

wetter climates. It flourishes also in the mild, humid, insular cli-

mate of the Willamette Valley, which is almost the antithesis of that

of the eastern Oregon ycUow-pine ranges.
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SOIL AND SOIL MOISTURE.

Western yellow pine grows and thrives on nearly every variety of

soil within its range; it is one of the first trees to get a foothold on
the disintegrating recent lava flows of central Oregon, and its ahihty

to thrive on almost soilless steep talus slopes is remarkable. It grows

also on loamy clay soils, on loose sand, and on the deep, hght, frag-

mental pumice stone of central Oregon; but on cold, peaty, or heavy,

moist soils, such as those adjacent to meadows, it is usually not

found. It grows weU on land which is too dry for any of its asso-

ciates. It seems to prefer well-drained, loose soils; but an increase

in moisture, provided the soil is well drained, makes for more rapid

growth. Occasionally, but not usually, it grows on situations where
the water table is within 4 or 5 feet of the surface during the growing

season. It is, therefore, uncommon on flats and bottom land, and is

distinctly a tree of the slopes. Exceptions occur, notably the form

which occurs west of the Cascades in the Willamette Valley and
which inhabits moist river benches.

LIGHT.

Stands of western yellow pme are always rather open because this

tree is intolerant of shade. Seedlings do fairly well under the shade

of parent trees, but saplings do not grow thriftily until they receive

direct hght. Western yellow pine is as intolerant as any of the trees

with which it is associated in Oregon, and its reproduction can not

compete successfully in the virgin forest with that of Douglas fir,

white fir, or lodgepole pine on sites where the latter grow vigorously.

With an increase in the amount of soil moisture, yellow pine becomes

more tolerant of shade. The openness of most of the yeUow-pine

stands is probably due to the demand of the trees for soil moisture

and the competition of the roots for ground space where moisture is

insufficient, as well as to the demand for light and crown space.

REPRODUCTION.

SEED PRODUCTION.

Yellow pine after reaching middle age produces seed fairly abun-

dantly. Trees under 50 years old, or 10 inches in diameter, rarely

bear any cones; and large crops are not borne except by very much
older and larger trees. Every three years, and sometimes oftener,

come good seed years m which most of the adult trees in the stand

bear seed; and in the intervening years there is usually some seed.^

It is disseminated either by wind or by rodents that carry the cones

or the seeds and store them. Sometimes many bushels of cones are

1 For a full discussion of seed production of the yellow pine of the Southwest, see Forest Service Circular

196, "The Influence of Age and Condition of the Tree upon the Seed Production in Western Yellow Pine,"

by G. A. Pearson.
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found in a squirrel cache. Undoubtedly a considerable proportion

of the seed crop is eaten by animals, since the seed is large and
attractive. In Oregon, yellow-pine seed is larger than it is farther

east. The number of seeds to the pound from eastern Oregon trees

is between 8,000 and 9,000. A bushel of unopened cones will usually

yield about 1^ pounds of seed.

GERMINATION.

The seed germinates fairly frerely, but in Oregon not until the

spring following its dissemination. Laboratory tests of clean seed

show that from 60 to 85 per cent of it is fertile, and that most of it

germinates between four and eight weeks after sowing.

Field studies indicate that young seedlings are most abundant in

the exposed spots in the forest, such as on scabby ridges, where the

mineral soil is naked. Here germination may be the best, but the

mortahty of the seedlings the first year is the largest.

In certain parts of Oregon, particularly on the very dry pumice
soils of the upper Deschutes Basin, it is noticeable that a very large

proportion of the seedlings come up in clumps, from 2 to over 50 being

crowded into a space as large as a half dollar. It has been suggested

that these clumps originated where a cone accidentally became buried.

But such is not the case in this particular locality. They have come
from bunches of seed which were buried by provident chipmunks.

(See PL II.) Some counts made in Crook County of the reproduction

in the forest showed that 85 per cent of aU. the 1-year-old seedlings

were in these chipmunk-sown groups. Much more seed must be

sown broadcast by the wind on the surface than is accidentally left

in these chipmunk caches, yet it is evident that the seed which is

buried has a very much better chance of germination than that

which hes on the surface. This is particularly so on the drier and
looser soils, where the chipmunks may actually be considered an

aid to reproduction. The competition in growth between the seed-

lings in these clumps becomes very keen early in their lives and they

thin out rapidly, though it is not unusual to find ten or a do2;en seed-

lings four feet high growing from a single hole. One unusual in-

stance was noted where 29 fourteen-year-old saphngs were Uving in

a cluster. One-year-old seedlmgs in these chipmunk-sown clumps

have been found to be less likely to succumb to drought than soUtary

seedlings, perhaps because they give each other protection.

It is not infrequent to find a dense row of seedlings, a veritable

natural hedge from 25 to 75 feet long, located in the path of mineral

soil and ashes left after a fallen tree had burned up. The cause of

these hedges is not perfectly understood.
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DEVELOPMENT OF SEEDLINGS.

Although seedlings start with considerable vigor after each good
seed year, their mortality during the first year is exceedingly high.

In the early summer the forest floor is sometimes thickly dotted with

freshly sprouted seedlings, while on the same area the next year, as a

consequence of the summer drought and the winter ground heaving,

there will be but an occasional hving seedling. A count of the seed-

lings on 67 smaU sample plots distributed over five acres, in the fall

of 1910 (after the excellent seed crop of 1909 and the very dry season

of 1910), showed that 79 per cent of the seedlings which started that

spring had died by fall.^ Probably not one seed in ten escapes the

birds and rodents; and, of those that do germinate, probably as many
are killed by late frosts immediately after germinating or by frost-

heaving the first winter or by drought the first summer. It is esti-

mated that in eastern Oregon hardly more than one seedling in a

hundred lives to be 2 years old. After the first year the mortality

from drought is very shght.

The year-old seedlings seem to do best beneath the partial shade

of the mother trees, probably because of the protection which they

are afforded against drying sun and winds, and perhaps against

frost as well. Older seedlings do not do well in dry places directly

beneath old trees, because of the absorption by the roots of the latter

of all the available soil moisture; the seedlings that ultimately suc-

ceed are those in the gaps between the clumps of old trees or beneath

those which have recently died. For some reason those in the latte'r

situation are particularly flourishing in eastern Oregon. On dry

soils, clumps of brush and mats of squaw-carpet {Ceanothus pros-

tratus) seem to assist yeUow-pine reproduction, probably by their

effect in conserving the soil moisture.

For these reasons and for other causes which are not thoroughly

understood, yeUow-pine reproduction is extremely patchy in the

virgin forest; here there will be almost a thicket of young trees, and

near by, under seemingly similar conditions, there will be httle or no

reproduction.

In dry situations bordering the limit of yeUow-pine growth, the

reproduction seems to be greatly benefited by the protection that

bushes afford, and it is conspicuously more abundant on the sheltered

north side of clumps of bushes than elsewhere. An examination ^ of

an area adjoining the desert in Crook County showed the following

interesting results: Of aU the yeUow-pine seedlings 70 per cent were

on the north side of sagebrush and bitterbrush bushes, 13 per cent

1 Manuscript report, "Western Yellow Pine Reproduction," by George A. Bright, forest assistant.

2 Manuscript report by Forest Supervisor M. L. Merritt, " Occurrence of Western Yellow Pine Seedlings

in Openings in the Edge of the Deschutes National Forest, Bordering on the Desert."
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were on the south side of these bushes, 11 per cent were sheltered by
logs or lodgepole pines, and only 6 per cent were in the open, although

these open spots occupied a considerable proportion of the area.

In the Blue Moimtains the reproduction of yellow pine is very

abundant, both in the virgin forest and after cuttings. Perhaps it

is more prolific here than anywhere else. In this region where an

area has not been burned over by a surface fire for a number of years,

there is quite commonly a veritable thicket of little trees from a few

inches to several feet high. Actual counts have shown that there are

sometimes 14,000 seedlings on a single acre, the ages ranging from

13 to 21 years.

The first season most of the growth of the seedling is below groimd

;

it forms a top only 2 or 3 inches high with a small tuft of short needles,

but it grows a taproot from 7 to 12 inches long in its effort to reach

subsoil moisture. The second year more of a top is formed, but

growth is slow for at least four years, and does not become rapid in

any event untU the seedling has abundant fight.

Table 3 gives an idea of the rate of growth of the dominant seed-

lings in average yeUow-pine forests in the Blue Mountains, which is

closely similar to the average growth of seedlings in other forests of

central and eastern Oregon. In making this table only seedlings

which had free growing space and looked as though they would live

at least to the pole stage were included. The growth of even these

dominant seedfings is exceedingly slow during their first 20 or 80

years.

Table 3.

—

Seedling height growth, Blue Mountains, Oreg.

[Based on 1,182 measurements.]

Age. Height. Age. Height. Age. Height.

Years. Feet. Years. Feet. Years. Feet.

1 0.2 5 0.8 9 1.5
2 .3 6 1.0 10 1.7
3 .5 7 1.1 15 2.7
4 .6 8 1.3 20 4.0

EFFECT OF FIRES.

Western yellow pine is classed commonly as a fire-resistant species,

probably because in its open stands destructive crown fires are rare;

but it is by no means immune to damage by fire. Occasionally a fire

gets into the tops of the trees in a pure yeUow-pine forest on a slope

and sweeps over the whole liillside, perhaps a square mile in extent,

killing all the trees in its path. This spectacular foiTn of fire damage is

uncommon, however; by far the greatest amount of damage is done
by surface fires which work in an inconspicuous way. Light, slowly

54891°—Bull. 418—17 2
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spreading fires that form a blaze not more than 2 or 3 feet high and

that burn chiefly the dry grass, needles, and underbrush start freely

in yeUow-pine forests, because for several months each summer the

surface litter is dry enough to burn readily. Practically every acre

of virgin yellow-pine timberland in central and eastern Oregon has

been run over by fire during the lifetime of the present forest, and

much of it has been repeatedly scourged.

It is sometimes supposed that these hght surface fires, which have

in the past run through the yellow-pine forests periodically, do no
damage to the timber, but that they "protect^' it from possible

severe conflagrations by burning up the surface debris before it

accumulates. This is a mistake. These repeated fires, no matter

how Hght, do in the aggregate an enormous amount of damage to

yellow-pine forests, not alone to the on-coming young trees, but to

the present mature merchantable timber. This damage may be

classified under several headings

:

(1) The fire-scarring of the butts of merchantable yeUow pine.

The bark of yellow pine in this region is not particularly thi6k at

the base, and surface fires find no difiiculty in eatmg through it and

getting at the inflammable wood of the butt. A careful cruise of

every tree on 154 J sample acres in typical yeUow-pine stands in

several locahties in the Blue Mountains showed that 42 out of every

100 trees were fire-scarred—i. e., the wood was exposed because the

bark had been burned off. Their susceptibility to fires is aggravated

by the work of the red turpentine beetle (Dendroctonus valens) , which,

by working in the cambium at the base of the tree, loosens patches

of bark and stimulates the flow of pitch. These fire-scarred trees

may easily fall a prey to the next fire that runs through the forest,

and some of them are so deeply scarred at the base that they are

hkely to be windthrown. It is noticeable that especially the larger

(and therefore the older) trees are fire-scarred, because they have

been exposed to more of these periodic fires. A record of 1,184

representative trees cut in a logging operation in Grant County shows

that 22.8 per cent of the butt logs were fire-scarred (still more of the

trees may of course have had scars which did not show on the log

because the stumps were cut high enough to avoid them), and that

18.6 per cent of the butt logs were so badly fire-scarred that about

46.1 board feet per log (equivalent to 14 per cent of the fuU scale of

the defective logs) was lost and had to be deducted from the fuU scale.

(2) The killing of occasional trees by the burning through of the

base.

^ Though these surface fires kill very few trees outright by tne

intensity of their heat, yet each fire—even the lightest grass fire

—

is apt to cause the death of a yeUow-pine tree here and there by gnaw-
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ing it off at the base with a smoldering flame. An examination of a

great many bm^ns in eastern Oregon shows that an average surface

fire, on land which has been periodically burned over before, kills in

this way one merchantable tree on from 1 to 4 acres. The aver-

age number on 130 sample acres examined in detail was one tree

to every 1.12 acres. Tliis is not a large number of trees, and they- are

so scattered about in a burn as not to be conspicuous; but in the

aggregate it is an enormous loss, especially as each of the repeated

fires may kill the same number, and the trees felled by these surface

fires are usually the larger ones.

(3) The "pitching" of the butts of commercial trees.

Trees that are fire-scarred or which have been excessively heated

about their bases are very apt to become " pitch-butted; " i. e., a great

deal of ''fat" pitch is deposited in the wood in the lower part of the

stem. This pitch greatly lessens the value of the log for lumber

because excessive pitch is a defect which bars lumber from the best

grades on the market. A tally of 1,184 butt logs in the Blue Moun-
tains shows that 25 per cent of them are ''pitched" and that the aver-

age diameter of the pitchy area on the basal cross section of the log

is 14.7 inches. This indirect result of surface fires is not conspicuous,

but is a very real source of loss.

(4) The impoverishment of the soil by repeated burnings.

Frequent fires consume the vegetable matter, which should be

allowed to accumulate and decay and thereby better the physical

condition and add to the fertihty of the soil.

(5) Destruction of the reproduction which should form the basis

for the next crop.

Each fire kills the seedlings and some of the saplings, so that, if

the fires are of frequent occurrence, no young growth has a chance to

replace the mature trees that die from natural causes. Yellow pine

normally occurs in Oregon in uneven-aged stands in which trees of

all ages are in intimate mixture ; frequent fires prevent the stand from

having the proper number of young trees. If this process is con-

tinued long enough, it will annihilate the yellow pine by gradually

killing off the old trees and at the same time preventing the survival

and maturity of any young ones. This very thing has happened in

places in the Siskiyou Mountains and southern Cascades. Here
areas once covered by fine stands of yeUow-pine timber are now tree-

less wastes, covered only by brush or mock chaparral.

(6) Degeneration in the forest type.

In certain parts of the State repeated surface fires have the effect

of transforming the forest type from a stand consisting largely of

yell(nv pine to one consisting of lodgepole pine, whose reproduction is

extremely abundant and vigorous after fire.
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Table 4 shows strikingly the damage that ordinary surface fires

have done to the yellow-pine timber in several instances in various

parts of Oregon:

Table 4.

—

Damage done by surface fires to merchantable yellow pine over 12 inches in
diameter.

[Average of 156 sample acres distributed over four typical fresh bums in Oregon.]

Locality.

Percentage by number of
trees in each class.

Appar-
ently un-
injured.Burned

to death.
Felled
by fire. 1

Scarred
bjflre.^

3.2

2.7

0.8
6.8
3.2
2.3

31.9
43.2
46.9
45.5

64.1
50

Big MiTiam River fire 1910, Wallowa National Forest 49.9
49.5

1 The figures in this column would be fully twice as large if the percentage by volume of the trees that
were killed, instead of the number, were taken, since it is chiefly the larger trees that are felled by fire.

2 This column includes also trees that were scarred by previous fires, since it is impossible to distinguish
those scarred in the last fire from those previously injured.

3 On these burns the trees which were actually killed by the intense heat of the fire were not distin-

guished fr cm those killed by being felled by the fire eating out basal fire scars.

SOURCES OF INJURY OTHER THAN FIRE.

INSECTS.i

Next to fire, insects are the most destructive enemies of yellow

pine. Hardly a square mile can be found in the State in which there

is not fresh evidence of insect damage to the living timber. There

are many insects, chiefly boring grubs, that work in dead or dying

yellow-pine trees and in yellow-pine lumber, but relatively few that

attack the Hving tree. In Oregon there are but three species

important enough to interest the forester and timberland owner;

one of them is a defoUator and the others are bark beetles. The
defoliator is the '' pine butterfly " (Neophasia menapia], a small white

moth, winch, when in the caterpillar farm (the caterpillars are black,

with bright green markings, and are about IJ inches long at maturity),

feeds upon the needles of yellow pine. Sometimes the fohage on a

tree is almost all eaten off and the tree suffers severe damage or, if

the defohation is repeated, death. This insect is found to some
extent in various parts of Oregon, but so far as known it is not now
doing any great amount c^ damage. There have been a number of

serious infestations of the insect elsewhere, notably in Yakima and
Chelan Counties, Washington, where yellow-pine timber over a con-

siderable area was killed. It is a pest which is decidedly dangerous

when it becomes abundant.

There are a large number of species of bark beetles which are more
or less harmful to living yellow pine, but only two of them are par-

ticidarly important in Oregon, the western pine destroyer {Demdroc-

1 See Department of Agriculture, Bureau of Entomology, Bulletins 32; 38, pt. 2; and 83, pt. 1 ; and Circulars

125, 126, 127, and 129, for full description of these insects.
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tonus hrevicomis) and the mountam pine beetle {Dendrodonus monti-

col^e). ^ These insects kill the trees which they infest by eating the

soft imier bark and cambial layers, thereby girdling the tree. Colo-

nies of the former are found here and there scattered through the

yeUow-pine region. Each colony kills a tree or two each year, but

ordinarily shows no tendency to spread. A group of infested trees is

usually characterized by from tlu-ee to ten or more dead trees in a

clmnp, some of wliich have apparently been dead several years,

some a shorter period; and if the colony is still at work, by one or

two reddish-topped trees. The bark of some of the trees commonly
shows holes where woodpeckers have worked to get at the insects.

The inordinate multiphcation of the insects is prevented by their

natural enemies, so that usually they are found only in what may be

called the normal infestation. Under exceptionally favorable condi-

tions, possibly climatic, or as a result of a decrease in the number of

their enemies, these insects may become at any time manyfold more
plentiful; and if they do, they may kill an enormous amount of

timber. They work cliiefly in large, old trees, most frequently those

wliich have been damaged by fire, by lightning, or otherwise. The
damage that they do is inconspicuous because it is scattered, but in

the aggregate it amounts to a great deal.

The mountain pine beetle has shown itself to be the worst insect

enemy of yellow pine in Oregon. Colonies occur in greater or less

abundance in the forests of the whole eastern part of the State, usu-

ally working in lodgepole pine. Recently it has been spreading with

alarming rapidity through the lodgepole-pme forests on the upper

slopes of the Blue Mountains, particularly on the WaUowa and

Powder River Mountains, so that within the past few years 500,000

to 600,000 acres in these mountains have been attacked and more
than half the lodgepole-pine trees on at least 300,000 acres have already

been killed. Four or five years ago the insects extended their ravages

to the yellow pine adjacent to the infested lodgepole pine and a good

deal of it was killed. Had the infestation continued to spread in

the yeUow-pine timber as it began, the damage would have been

enormous, but within the last two years it has subsided very greatly,

evidently having been regulated in time by natural causes. Tliese

infestations evidently have their ups and downs and through some

natural agency, imperfectly understood, subside and regain their

normal balance. This bark beetle prefers to work in the smaller

yellow pines, but at times attacks the largest and thriftiest old trees.

Extensive operations in felling and barking infested trees have been

conducted by the Forest Service and by individual owners in the Blue

Mountains under the direction of the Bureau of Entomology, with

the purpose of checking the spread of this pest; but definite con-

clusions as to the effectiveness of this work have not yet been

reached.
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VEGETABLE PARASITES.

The most harmful of the vegetable parasites is a kind of mistletoe

{Razoumofskya cainpylopoda) which is, in some localities, very abund-
ant. This plant attaches itself to the little twigs and causes in them,
as they develop, swelHngs and deformities ("witches' broom"); both
on the mam stem and the twigs. It kills single branches outright,

but seldom causes the death of a tree; it may, however, weaken the

tree's vitality and impair its value for commercial purposes. A rust

called PeridermiumJilamentosum causes, on the twigs, swellings which
are quite conspicuous in yellow-pine young growth. Yellow pines,

especially in the Blue Mountain region, as well as some of their associ-

ates, are often heavily covered with two hohens

—

Aledoria fremontii,
" black moss," and Evernia vulpina. These plants are not fatal, but
may injure the host trees by shading their foUage and preventing

proper bark shedding and aeration.

Yellow pine is rather free from fungi which cause decay in the

wood. One of its worst enemies among the fungi is Polyporus schwei-

nitzii (butt rot or dry brown rot), which gains entrance through basal

scars and damages particularly the lower portion of the tree. It is,

hke most forms of decay, a disease which affects old, overmature

timber, and seems to be particularly abundant on situations where
the soil is sterile or thin. It is usually difficult to teU from the outside

appearance of a tree whether it is affected with butt rot. Another
bad form of decay is Trametes pini (ring-scale fungus, pipe rot, or

white-pitted rot), which enters the tree at broken tops or in bad
wounds on the stem and rots out the heartwood. The presence of

Trametes pini can usually be detected by the thin, unhealthy bark

and the "bumpy" stems of seriously affected trees. Fomes laricis

(chalky quinine fungus, or sap rot) is a third serious fungous enemy of

yellow pine. It causes a red heart rot with felts of white mycehum.^
Its fruiting bodies are generally very large, round, hoof-shaped, with

a rough white, chalky surface.

The amount of decay in yellow-pine timber caused by these fungi

is of course very variable; some thrifty stands are abnost free from it,

and in others it is very bad. On one tract of very overmature timber

in central Oregon a third of the trees had to be long-butted from 4

to 6 feet each to get rid of the worthless portion of the first log. The
scale of over 2,000,000 feet of logs cut in the Blue Mountains shows

that only 0.9 per cent had to be subtracted from the full scale on

account of rot. In addition, some worthless trees or portions of

trees were left in the woods. This would probably indicate for this

particular tract an amount of defect on account of rot equivalent to

about 2 per cent of the total stand.

1 U. S. Department of Agriculture, Forest Service Bulletin (unnumbered), "Forest-tree Diseases Com*
mon in California and Nevada," by E. P. Meinecke.
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As is the case with other pines, freshly cut logs and lumber are apt

to ''blue" if not kept under water or dried soon after cutting; and the

blue stain decidedly lessens their commercial value. The stain is

caused by Ceratostomella pilifera ^ and other fungi.

THE ELEMENTS.

Yellow pine grows in a climate in which it is especially exposed

to high winds, drought, severe winters,- frost heaving, and lightning.

The fact that it is able to survive as well as it does while other

species can not is an indication that it is fairly immune to damage
by these agencies.

It is, comparatively speakmg, a windfirm species, and normally is

able to stand without the protection of surrounding trees. Some-

times in the virgm forest a good many windfalls are found, but these

are the result of an exceptionally high wind at a time when the trees

were least able to withstand it, either because they were snow-laden

or because the ground was wet. A recent storm in the Blue Mountains,

such as is experienced in this region every year or two, blew down in

a certain locahty one tree to each 5 acres. The tornado of 1894

mowed down all the timber in its path for a mile or more, the yellow

pines succumbing to its force as well as all other trees. Where a part

of the stand has been removed by cuttings, the trees which are left

are more hable to windthrow than they were in the virgin forest.

On one tract of 1,624 acres in Grant County, 1,600 trees over 12

inches in diameter were thrown in the first two years after a partial

cutting. 2 This is undoubtedly an exceptional instance, for similar

areas of equal exposure have at the same time suffered merely a nomi-

nal amount of windthrow. In heavy winds no class of tree in partially

cut-over areas seems to be entirely immune to windthrow, though

the risk increases with the height of the tree and the density of its

crown. Where the trees are hi groups, the wind damage is consider-

ably greater than where the reserved trees are evenly distributed.

The effect of the winds is particularly severe in a solid body of uncut

timber along the lee edge of a cut-over area.

Drought, of course, is a factor which limits the local distribution

of this tree, for the yellow-pine forests in Oregon all abut on territory

which is too dry for their growth. Drought seems to affect the

reproduction chiefly, by preventing it from gaining a foothold on dry

soils. After the sapling stage is passed, it is rarely killed by drought,

though of course excessive drying of the soil affects the growth of the

tree unfavorably.

> "The 'Bluing' and 'Red Rot' of Western Yellow Pine," by Herman von Schrenk, Bull. 36, Bureau
of Plant Industry, U. 8. Dept. of Agriculture.

2 Manu;-:cript report, "Windfall Damage on Cut^over Areas," by R. E. Smith, forest examiner, and
It. II. Weitknecht, assistant forest ranger.
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Drought in combination with severe winter weather, particularly

desiccating winds at a time when the ground is frozen after a dry

autumn, sometimes does a good deal of damage to yellow pines in

exposed situations. It occasionally happens that strips of timber

adjoining the open country or in other particularly bleak and dry

situations turn brown in the winter or early spring, all the old needles

fall, and the trees are apparently winterkilled, but leaf out as

usual after the growing season begins. To this form of injury the

name ''red-belt disease" has been given. Yellow pine does not

suffer any more than its associates, and possibly les§ than Douglas

fir. In the winter of 1909 the foliage on several thousands of acres

in Morrow County (and to a less extent in Crook and Grant Counties)

,

chiefly on the north slopes adjoining the open country, turned brown,

and the trees were apparently winterkilled, but recovered and seem

to be in no way permanently injured.

''Spike-top," or "stag-headedness," is commonly an indirect

result of drought, and is usually an accompaniment of old age. In

the virgin stands of yellow pine in Oregon, as elsewhere in this tree's

range, there is a good deal of this defect, often from 10 to 15 per cent

of the merchantable trees being affected. This is natural, since in

the primeval forest such a large proportion of the trees are very old

and past maturity. '

' Spike-top " considerably reduces a tree's value,

both because the dead tip of the tree is worthless and because it is

an entering place for decay.

In certain regions, particularly on tne pumice soils ol central

Oregon, the soil in the forest "heaves" in the spring and autumn
and lifts young seedlings out of the ground. This occurs here to

such an extent as to make it difficult for reproduction (either natural

or planted seedlings) to get a good start; some of the seedlings are

killed outright, and many do not recover for years from the root

injuries which they receive when young.

Thunder storms are not infrequent in the Cascade and Blue Moun-
tain regions of Oregon, and often yellow pines are struck by lightning.

They are then scarred in such a way as to detract from their com-

mercial value and occasionally are shattered or killed outright. It is

not unusual for a group of half a dozen trees to be struck at the same
time, so that the ground over half an acre is littered with chunks of

bark and splinters.
ANIMAL LIFE.

Yellow pine suffers comparatively little injury from animals.

Porcupines and other rodents gnaw the bark of saplings and small

poles, and occasionally seriously damage or kill them. Sapsuckers

and woodpeckers seem to confine their activities chiefly to dead and
insect-infested trees of this species and do no damage to the wood;
in fact, they undoubtedly do a great deal of good by destroying

harmful insects.
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Since yellow-pine forests are grazed over by sheep and cattle, the

reproduction is somewhat exposed to damage by these animals, par-

ticularly by sheep, which trample a good many seedlings when close

herded. Sheep also, when short of forage, as along driveways or

near bed grounds, browse on them in such a way as to deform the

seedlings permanently. If the range is not overstocked and the sheep

are properly handled, they will not, in Oregon, do any appreciable

damage to the yellow-pine young growth in the forest at large ; trees

over 6 feet high are practically immune from damage.

In some parts of the State, particularly in Klamath County, are

found here and there large trees upon which are great scars, from 3 to

7 feet above the ground, half encircling the tree. (See PL III.) These

scars were caused years ago by Indians who, in the springtime, stripped

the bark in order to get at the mucilaginous layer of forming wood,

which they scraped off and used as food.^ The scars make the trees

vulnerable to light surface fires and detract considerably from their

merchantable value.

CHARACTER OF THE STANDS.

Yellow pine is fundamentally a gregarious tree; that is, it is a tree

which does best and is found most commonly in pure or nearly pure

stands. Most of the forests of Oregon in which it occurs commercially

are at least 75 per cent yellow pine, and the other trees that are pres-

ent in the mixture are apt to grow in groups by themselves and not

in intimate mixture with the pine. One reason why yellow pine

occurs so largely in pure stands is that it will grow and form fine

forests in situations on the plateaus aud south slopes that are too dry

and hot for other species, and being a rather unsuccessful competitor

of the more tolerant species, Douglas fir, white fir, and lodgepole

pine, it is largely excluded from soils moist enough for these species

to thrive in. It does occur, however, in mixture with other species

in almost every degree.

In most of the pure yeUow-pme forests of the State the trees are

spaced rather widely, the ground is fairly free from underbrush and
debris, and travel through them on foot or horseback is interrupted

only by occasional patches of saplings and fallen trees. (See PL IV.)

The forests are usually not solid and continuous for great distances,

except along the eastern base of the Cascades, but are broken by
treeless "scab-rock ridges," or natural meadows. On the north

slopes, in draws, or in other places where mixed with other species,

the yeUow-pine forests are usually denser, more brushy, and therefore

harder to traverse. Toward the limits of the forests adjoining the

desert the stand is confined usually to a fringe of trees along the

' Sargent's Silvii, XI, p. 82.

54891°—Bull. 418—17 3
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canyon sides, to draws, and to the north hillsides, the intervening

drier and more exposed areas being treeless. Instances are seen here

and there where an advance guard of young yellow pines is progressing

from the forest into the desert, indicating that the limits of the yellow-

pine forest are being extended in places. Bordering the desert it is

often in mixture with western juniper (Juniperus occidentalis). At
the upper altitudinal limit of its distribution the typical yellow-pine

forest gives way rather suddenly to a very different, much denser

stand of other species.
ASSOCIATES.

The associates of yellow pine in mixed stands are variable, and
depend upon the locahty. In the Blue Mountains western larch

(Larix occidentalis) is its usual companion and grows with it in an

intimate and harmonious mixture. In the moister situations white

fir (Abies concolor) is a common associate, as is also Douglas fir

(Pseudotsuga taxifolia) in most parts of the State. All of these

species occur to a large extent in groups by themselves ; in the Blue

Mountains it is common for the south slopes to be covered with a

fine stand of yellow pine, while the north slopes are covered almost

entirely with larch, white fir, and Douglas fir. Lodgepole pine (Pinus

contorta) is another common member of the mixed forests, particu-

larly along the eastern slopes of the Cascades. It is a thrifty and

militant species, and has the ability to occupy burns to the exclusion

of all others. With the help of periodic surface fires, which have

encouraged its reproduction and at the same time discouraged the

reproduction of yellow pine, it has been able to encroach upon land

where yellow pine might be growing.

On the southern Cascade and Siskiyou Mountains (Klamath,

Jackson, and Josephine Counties) the forest is different from that in

the drier parts of the State. In these two ranges the yellow pine is

intimately mixed with sugar pine, Douglas fir, white fir, and incense

cedar, and occurs in the largest proportion on southerly exposures.

On the cooler, moister situations it gives way to heavy stands of

Douglas fir. Here there is ordinarily a great deal of underbrush and

chaparral, and the more open the woods the greater the amount of

brush. In this region its usual mature size is larger than in the other

parts of the State.
DISTRIBUTION OF AGE CLASSES.

Yellow pine grows commonly m many-aged stands; i. e., trees of

aU ages from seedlings to 500-year-old veterans, with every age grada-

tion between, are found in intimate mixture. In some stands there

is a preponderance of very old trees; in fact, in many of the virgin

stands of central and eastern Oregon there are more of the very old

trees and less of the younger than the ideal forest should contain.

Usually two or three or more trees of a certain age are foimd in a
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small group by themselves, the reason being that a group of many
yoimg trees usually starts in the gap which a large one makes when
it dies. In the virgin stands throughout the State there seems to be

a very large proportion of trees whose age is about 225 or 275 years,

suggesting that after this age their mortality is greater.

Table 5 shows the uneven age of an average yellow-pine stand.

It is an enumeration of the trees of each age on a logged-over tract

near Embody, Lake County, the rings on the stumps of practically

all the sound merchantable trees being counted.

Table 5.

—

Number of trees of each age by decades on a representative 40-acre tract near
Embody, Oreg., only trees {cut in a clean-cutting logging operation) whose annual
rings could be counted being taken.

Num- Num- Num- Num-
Age. ber of Age. ber of Age. ber of Age. ber of

trees. trees. trees. trees.

100 4 190 22 280 15 370 3
110 2 200 19 290 9 380 1

120 13 210 8 300 7 390 1

130 8 220 13 310 11 400 5
140 14 230 17 320 8 410 2

150 31 240 28 330 13 420 2
160 16 250 21 340 10 430 1

170 21 260 13 350 6 440 6
180 20 270 10 360 2 450 17

NUMBER OF TREES PER ACRE.

Table 6 shows the average space in square feet controlled by trees

of various sizes in a representative stand of pure yeUow pine in cen-

tral Oregon.^

Table 6.

—

Space available to average trees of various sizes in pure yellow-pine forests.

Basis, 45 trees.

[Data taken near Mill Creek, Crook County.]

Diam-
eter
class.

Space
available
to each
tree.

Diam-
eter
class.

Space
available
to each
tree.

Inches.
16
18

20
22
24

Square
feet.

1,031
944

1,122
1,225
1,235

iTwhes.
26
28
30
32
34

Square
feet.

1,022
1,307
1,405
1,366
1,947

By this table it is seen that each tree 16 inches in diameter occupies

in the virgin forest 1,031 square feet, allowing thereby only a possible

42 trees per acre; if they averaged 30 inches in diameter and required

1,405 square feet, there would be space for but 31 trees. But there

arc usually so many gaps in the yellow-pine forest that there are

c(jrisidcrably less than this possible theoretic number of trees. The
difference between the yeUow-pine and the Douglas-fir forests is

' The area controlled by each tree is considered to be the irregular polygon about the tree whose comers
arc at half the distance to each neigliboring tree's base.
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striking. In forests of Douglas fir in western Oregon there are coin-

monly as many as 167 trees per acre, when the diameter of the average

tree is 16 inches, and 88 trees when the average is 26 inches.^

In pure, fuUy stocked stands in the Blue Mountain region there are

commonly from 20 to 30 yeUow pines per acre over 12 inches in

diameter, of which but few are over 30 inches. Over large areas the

average number per acre is ordinarily less than 20. On the slopes of

the Cascades the number of trees per acre averages somewhat less

than in the Blue Mountains, but the trees are larger. In mixed
stands the number of yeUow pines of merchantable size is naturally

less, though the total number of trees of ah species is as a rule larger,

the moist soil on which the mixed forest grows being able to carry a

denser stand.

Table 7 gives an indication of the average number of trees per acre

and the distribution of their diameter classes in representative

stands in various parts of the State; it is based on the measurement

of several large sample plots in each locality. It does not attempt

to show the comparative density or size of the timber or the mixtm'e

of species in the several regions, but merely shows by samples the

variability of Oregon's normally stocked virgin forests.

Table 7.

—

Nuviber of trees per acre by diameter classes of yellow pine and of other species

in several representative standi in central and eastern Oregon.

Diameter at breastheight.

Near Austin and
Whitney, Grant and
Baker Counties.
Basis: 258J acres.

Near Lookiagglass
Creek,

Union County.
Basis: 44 acres.

Near
Winlock's

Mill,

Wheeler
County.
Basis:

20 acres.

Yellow
pine.

others.
Yellow
pine.

others.
Yellow
pine.

Inches.

2 3.70
2.46
2.22
2.29
1.90
2.01
2.23
2.21
2.54
2.65
2.50
2.45
2.26

4.30
3.44
2.58
1.41
1.04
.94
.86
.59
.69
.53
.53
.41
..?2

4.00
3.00
3.11
5.02
5.11
5.27
4.53

4.00
3.00
3.55
1.41
1.39
1.09
1.07

4 11.45
6 11.45

8 4.50

10 2.55

12 2.85
14 2.80
16 3.43

i

.59
3. 34 . 45

1.70
18 1.35
20 2.52

2.86
2.75
2.68
2.07
1.41
1.21
.68
.80
.25
.36
.14
.27

.57

.48

.29

.32

.09

.09

.07

.09

.11

.09

1.40
22 1.50
24 1.65
26 1.25
28 1.99 1 .22 .95

30 1.41
1.15
.80
.52
.37
.16
.08
.09

.20

.14

.06

.08

.07

.01

.02

.03

.55
32 .25
34 .30

36 .10
38
40
42

Total 38.00
25.42

18.47
5.70

54.81
34.57

18.75
5.40

46.60
Total over 12 laches 16.65

1 Forest Service Circular 175, " Growth and Management of Douglas Fir in the Pacific Northwest," by
Thornton T. Munger.
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Table 7.

—

Number of trees per acre by diameter classes of yellow pine and of other species

in several representative stands in central and eastern Oregon—Continued.

Diameter at breastheight.

Near Embody,
Lake County.
Basis: 30 acres.

Near
Lapine,
Crook
County.
Basis:

40 acres.

lOamath Lake
Region,

Klamath County.
Basis: 159 acres.

Yellow
pine.

Others.
Yellow
pine.

Yellow
pine.

Others.

Inches.

2 14.11
9.41
4.71
4.73
4.33
3.27
3.83
3.67
3.30
2.83
2.80
2.23
2.20
1.70
1.47
1.33
1.30
.80
.37
.20
.30
.40

0.08
.07
.05
.13
.17
.06
.06

0.75
.50
.25
.32
.22
.25
.35
.25
,42
.65
1.00
1.10
1.15
1.22
1.40
1.32
.67
.80
.60
.42

6.71
5.23
2.72
2.09
1.94
1.79
1.84
1.99
2.09
2.35
1.96
2.27
1.99
2.46
1.74
1.35
1.10
.72
.59
.38
.30
.45

8.52
4 5.29
e; , 6.28
s 2.46
10 1.29
12 . 1.35
14 1.06
16 1.21

IS .06 .67

20 1.14

22 .45
24 .03 .72
26 .62

28 .48
30 . .45

32 .44

34 .36

36 .24
38 .16

40 .15

42 .08

Over 43 .27 .26

T otal 69.29
32.00

.71

.21

13.91
11.87

44.06
25.37

32.68
Total over 12 inches 9.84

VOLUME PER ACRE.

Yellow-pine forests are so irregular in density that figures for the

average stand per acre or per quarter section are apt to be mis-

leading. Though the volume of timber may be very high on an area

of an acre or so, there are usually openings in the forest, groups of

young growth, glades, or barren spots, which reduce the average per

acre volume of any large tract. Single sample acres frequently have

a stand of 50,000 feet b. m. both in the Blue Mountain region and

on the Cascades, but it is considered to be a good quarter section

that has 4,000,000 feet b. m. or 25,000 feet to the acre. The following

estimates of the amount of merchantable timber on two small water-

sheds, in different parts of the State, are representative of the regions

which they typify, and illustrate the average density and composition

of species on large tracts such as are now being logged. Estimate A
is for a watershed at the head of one branch of the John Day River

in the Blue Mountains, and Estimate B is for a watershed on the

eastern slopes of the Cascades in Klamath County.

Estimate A.
Total area of waterahed acres.

.

11, 777

Area covered by merchanta?jle timber ' do 6, 297

Average stand per acre, of all species, on area of merchantable timber., feet b.m.

,

13, 672

Total stand composed of

—

Western yellow pine per cent.

.

84

Western larch do 9

Douglas fir, wldte fir, and lodgepole pine do 7

1 The balance of the watershed Is meadow, barren "scabby" ridges, patches of young timber, and

noncommercial stand.s of IclKepolo pine.
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Estimate B.

Total area of tract acres.

.

7, 120

Area covered by merchantable timber ^ do 6, 503

Average stand per acre, of all species, on area of merchantable timber,

feet b. m 18, 683

Total stand composed of

—

Western yellow pine per cent.

.

64

Douglas fir do 21

White and Shasta firs do 12

Sugar and wMte pine do 2

Lodgepole pine, Engelmann spruce, and incense cedar do 1

LOG GRADES.

Tracts of timberland in various parts of the State are very variable

in the quantity of timber that they carry; and there is just as much
variance in the quaUty. In cruising the timber on a tract for pur-

poses of sale, it is customary to estimate the amount of the upper

grades that the tract wiU yield. Good yellow-pine timberland wiU
yield 50 per cent of ''No. 2 Shop" lumber or better.

It would be desirable to have in general use a scheme for grading

yellow-pine logs in the standing forest, similar to that used by the

Forest Service in its cruises, or similar to that used in marketing
rafts of Douglas-fir logs on the coast, so that the yield of a tract could

be expressed in terms of the amount of No. 1, No. 2, and No. 3 logs,

or clear, shop, and common logs. The specifications for such log

grades proposed by the Forest Service and in use in Government
cruises in Oregon are as follows

:

No. 1 logs shall be 22 inches or over in diameter inside the bark at the small end

and not less than 10 feet long. They shall be reasonably straight-grained, practically

surface clear, and, in the judgment of the scaler, capable of cutting not less than

25 per cent of their scaled contents into lumber of the grades of C select and better

(including Factory C ).

No. 2 logs shall be 18 inches or over in diameter inside the bark at the small end,

not less than 8 feet long, and, in the judgment of the scaler, capable of cutting not

less than 30 per cent of their scaled contents into lumber of the grades of No. 2 shop

and better (including No. 1 common).

No. 3 logs shall be 6 inches or over in diameter inside the bark at the small end

and not less than 8 feet long, having defects which, in the judgment of the scaler,

prevent their classification into either of the above two grades.

Two mill-scale studies have recently been made in the Blue Moun-
tain region to determine the amount of each grade of lumber obtain-

able from logs of each of the grades above described. One of the

studies (labeled Test A) was made where the quahty of the timber

was exceptionally good and the other (labeled Test B) was made
where it was poorer than the usual run. The results of both studies

are presented in Table 8 ;
^ the average run of Blue Mountain yeUow-

pine timber would probably fall between the two extremes.

1 The balance of the watershed is meadow, barren "scabby" ridges, patches of young timber, and non-

commercial stands of lodgepole pine.

2 From manuscript reports by Forest Examiner H. B. Oakleaf, dated November, 1913, and March, 1915.
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Table 8.—QvMity of sound yellow-pine logs^ in the Blue Mountain region of Oregon.

Lumber grades.

Test A
,
good quality timber,
log grades.

Test B , poor quality timber,
log grades.

1 2 3 All. 1 2 3 AU.

B and better

Per
cent.

18.8
17.4
8.0

13.6
14.3
7.2
.8

4.7
10.9
4.3

Per
cent.

3.0
5.9
3.8
15.9
28.5
9.8
2.8
13.8
13.8
2.7

Per
cent.

0.2
1.2
2.5
4.2

14.8
12.6
4.5

22.9
31.0
6.1

Per
cent.

8.1
8.9
5.0
11.8
19.3
9.6
2.5
12.9
17.6
4.3

Per
cent.

17.4
15.8
8.4
10.8
14.6
4.9
2.2
8.6
14.4
2.9

Per
cent.

4.3
6.4
5.5

12.1
21.4
5.9
6.9
13.0
20.1
4.4

Per
cent.

1.5
2.9
4.3
2.6
10.3
5.3
18.6
25.0
23.9
5.6

Per
cent.

3.7
C select 5.3

5.1
7.2

No. 2 shop
No. 3 shop

15.3
5.6
12.6

No. 2 common 18.7
21.7

No. 4 common . . . 4.9

Total 100.0
39

100.0
35

100.0
26

100.0
100

100.0
8

100.0
44

100.0
48

100.0
Per cent of each log grade 100

1 Green lumber. Depreciation in drying not provided for.

GROWTH.1

INDIVIDUAL TREES.

Because of the wide range of conditions under which it grows the

rat€ of growth of yellow pine is exceedingly variable, perhaps rather

more so than that of most species. In very favorable situations it

grows so much each year that it would be classed as a rapid-growing

species; in unfavorable situations it is exceedingly slow. In eastern

and central Oregon its average rate of growth is somewhat more than

in the southern Rocky Mountain region and the southwest, and

decidedly more than in the Black HiUs of Dakota.^ The upper slopes

of the Sierras in California is the region of most rapid growth. The
growth there is probably about the same as on the Siskiyou Moun-
tains and the west slope of the Cascade Mountains, the region of most
rapid growth in Oregon. For the Siskiyou and Cascade regions,

however, no specific growth data are available.

Broadly speaking, during its first 10 or 15 years yellow pine grows

very slowly; then follows a period of 75 or 100 years in which both

diameter and height growth are rapid, exceptionally thrifty trees

making an increase of one-half inch in diameter and 2 feet in height

in one year. By its one hundred and fiftieth year the height incre-

ment has fallen off very much, the tree has nearly reached its mature
height, and thereafter grows but a foot or two each decade. Diam-
i-Xo.T growth also decreases after the first century of life, the rings

become narrower and narrower with age, and on very old trees, or

those that have been suppressed, they are so fine as to be hardly

distinguishable except with a magnifying glass. It is usual, there-

fore, for the annual rings to be broad and well defined in young trees

> The table.s and some of the other material in this chapter are taken from the manuscript report prepared

by Mr. O. A. Bright, forest assLstant, entitled "A Study of the Growth of Yellow Pine in Oregon," which
embo'liei in detail the results of the field study of this species made by the Forest Service in 1910-11.

' Forest Service Circular 127, " Forest Tables—Western Yellow Pine."
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and at the center of old ones, but narrow in the exterior rims of old

trees, sometimes 90 to an inch of radius.

Yellow pine is a long-hved tree. The oldest encountered in the

analysis of 4,997 stumps in eastern and central Oregon was in its

six hundred and eighty-seventh year when cut for lumber.

DIAMETER AND HEIGHT GROWTH.

In Tables 9 and 10 the rate of growth of yellow pine, both in height

and diameter, is given for a number of typical locaUties in the central

and eastern parts of the State. These measurements are the result

of detailed study and analysis by the Forest Service of 4,997 felled

trees ^ in 20 dijfferent locaUties. The wide variation in the rate of

growth in the several regions should not be interpreted to indicate

necessarily the superiority of one region over another, but rather

the effect of local variations in soil, exposure, or climate upon the

rate of growth. In some regions of the State the data were taken

in very favorable, well-watered situations, while in other regions

it chanced that the data were collected in unfavorable situations.^

1 In 1910 and 1911.

2 In order that the growth in these several localities maybe compared intelligently, the following brief

description of the conditions on each is given:

1. Austin, Whitney, Grant, and Baker Counties: Practically pure stands on rather dry, rolling hills

at altitudes of from 4,500 to 4,800 feet. Soil: Loamy, decomposed lava, not deep.

2. Looldngglass Creek, Union County: Stands with about 5 per cent of other species, growing in coves

and on gentle slopes at an altitude of 3,200 feet. Climate: More humid than is usual at that elevation in

the Blue Mountains. Soil: Good, deep, loamy, decomposed lava.

3. Parker's Mill, Morrow County: Pure yellow-pine stand near foot of gentle south slope. Altitude:

3,500 feet. Soil: Fairly deep, loamy, decomposed lava.

4. Winlock's Mill, Wheeler County: Pure yellow-pine stand on hot, dry, south slope. Altitude: About
3,300 feet. Soil: Fairly deep, loamy, decomposed lava, very dry in summer.

5. Ochoco Creek, Crook County: Pure yellow-pine stand on all slopes of rolling country, near lower alti-

tudinallimits of forest. Altitude: About 3,000 feet. Soil: Loamy, decomposed lava, very dry in summer
6. Mill Creek, Crook County: Stands with 10 per cent or so of other species on a rolling plateau at alti-

tude of 3,500 feet. Soil: Loamy, decomposed lava of good depth, not excessively dry.

7. Tamarack Creek, Wasco County: Stands averaging at least 10 per cent of other species, growing on

steep slopes on both sides of the creek. The soil is loamy and the moisture conditions better than average

8. Metolius Creek, Crook County: Stands with about 5 per cent of other species on fairly level ground:

where moisture conditions are good (for east of the Cascades) and the soil deep and loamy.

9. Sisters (1), Crook County: Pure stand of yellow pine on flat at altitude of about 3,000 feet. Soil: A
loose, gravelly sand, nonretentive of moisture. Sisters (2) tract is very similar in every respect to the

Sisters (1) tract.

10. Bend, Crook County: Pure stand of yellow pine on south slopes closely adjoining treeless desert at

altitude of 3,700 feet. The soil is shallow and sandy.

11. Lapine (1) and (2), Crook County: Almost pure stands on a flat at altitude of about 4,200 feet. Soil

a loose, sterile, coarse pumice, nonretentive of moisture. The location and physical condition on (1) and

(2) are very similar.

12. Lapine (3), Crook County: Same as Lapine (1) and (2) except located on a lower bench, 15 feet above
Deschutes River, so that it, doubtless, receives some helpfiil subirrigation.

13. Fort Klamath, Klamath County: Stands composed of 25 or 30 per cent of other species on flat at alti-

tude of 4,100 feet. Soil: A fine, loose pumice. Climatically, moisture conditions are good.

14. Crystal Creek, Klamath County: Stand with about 30 per cent of other species on east slope at alti-

tude of 4,200 feet. Soil: Rocky, loamy, decomposed lava. Moisture conditions are good.

15. Odessa, Klamath County: Stand averaging 85 per cent yellow pine on benches and gentle east slope.

Altitude: About 4,200 feet. Soil: rocky, loamy, decomposed lava.

16. Meadow Lake, Klamath County: Stand about 90 per cent yellow pine on rolling hills at altitude of

4,500 feet. SoU: Loamy, decomposed lava, probably with some lime content.

17. Keno, Klamath County: Practically pure stand on low rolling hills at altitude of 4,200 feet. Soil:

Loamy, decomposed lava; site rather dry in summer.
18. Embody, Lake County: Stand practically pure yellow pine on easterly slope at altitude of 5,000 feet.

Climate: Rather dry and severe. Soil: Loamy, decomposed lava.
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From these tables it is possible to determine what height and what
diameter a yellow pine may be expected to reach in 50, 100, or 150

years mider each of the several sets of conditions which each locaUty

typifies. These data were of course collected in virgin forests. A
comparison of the growth of the present yoimg trees with the growth

of the old trees when they were young, and of the growth of trees

of various sizes, indicates that the young, thrifty trees now are

growing at the same rate that their parent trees did when they were

of the same age. It is fair to assume, therefore, that future growth

in the natural forest will be at the same rate.

Table 9.—Average total height of yellow-pine trees at various ages for 13 typical stands
in several localities in Oregon.

Locality.

Basis:
Num-
ber of

trees.

Age of trees in years.

50 100 150 200 250 300 330 400

Total height in feet.

Austin and Whitney, Grant and Baker
Counties ."

Lookingglass Creek, Union County
Ochoco Creek, Crook County
Mill Creek, Crook Comity
Tamarack Creek, Wasco County
Metolius Creek, Crook County
Sisters, Crook County (1) and (2)

Bend, Crook County
Lapine, Crook County (1) and (2)

Lapine, Crook County (3)

Fort Klamath, Odessa, Meadow Lake, and
Keno, Klamath Coimty

Crystal Creek, Klamath County
Embody, Lake County

437
588
187
224
125
36
128
66

131

57

Total....
Average

.

24 62

104

79
88
95
95
79
82
81

92
120

100
115
93
107
103
113
88
90
99
105

106
139
91

90 i 104

110
119
101

118
108
124

91
91
111
116

114
146
97

115
121
104
124
109
129
92
92
117
122

118
149
103

117
122
106
126
109
130
93

121

125

121
150
108

119
123
107
129
109
130
93

122
126

124
150
113

Table 10.

—

Average diameters of yellow-pine trees at various ages for 18 typical stands
in several localities in Oregon.

Locality.

Basis:
Num-
ber of

trees.

Age of trees in years.

50 100 150 200 250 300 350 400

Diameter in inches outside bark at breastheight.

Austin and Whitney, Grant and Baker
Counties

Lookingglass Creek, Union County
Parker's Mill, Morrow County
Winlock's Mill, Wheeler County
Ochoco Creek, Crook (Joiinty

Mill Creek, Crook County
Tamarack Creek. Wasco County
Metolius Creek, Crook County
Bisters, Crook County (1)

Bend, Crook County
Lapine, ( rook County (1)

La; ine, f rook Countv <?>)

Fort Klamath, Klamath f;onnty
Crystal Creek, Klamath f'ounty

Odessa, Klamath County ,

Mea'iow Lake, Klamath County ,

Keno, Klamath County
Embody, Lake County

672
409
245
407
474
405
238
66
267
183
361
91

110
87
156
245
52
400

4.0
6.6
3.0
2.5
4.4
4.1
5.0
4.4
3.9
4.7
2.8
3.4
5.9
10.6
4.5
5.0
5.7
3.5

Total....
Average.

4,868
4.7

10.8
14.1
10.2
9.9
12.3
11.6
14.6
13.1
12.8
15.4
9.0
11.5
17.1
22.2
13.9
13. 3
14.0
10.5

15.7
19.4
15.8
15.2
18.2
17.6
20.5
19.1
18.6
20.7
17.9
20.2
24.3
28.5
20.0
19.

3

20.0
16.1

19.3

19.4
22.7
20.2
19.0
22.1
22.0
24.0
23.6
22.7
24.4
23.2
26.0
28.2
33.1
23.8
23.3
23. 5
20.1

23.4

22.2
25.5
24.2
22.7
25.2
25.6
26.2
27.1
25.

8

27.3
27.4
29.9
31.2
37.0
26.5
20.5
26.1
23.1

26.6

24.4
29.0
27.8
26.4
27.8
28.4
28.1
30.0
28.8
29.9
30.6
32.8
33.8
40.7
28.8
28.8
28.3
25.5

26.5
32.7
30.8
30.0
29.7
30.6
29.7
32.2
31.3

33.2
35.

1

36.3

30.9
,30.7

30.1
27.8

31.1

28.4
34.1
33.4
33.0
30.7
32.4
31.0
33.8
33.6

35.5
30.7

33.0
32.5
31.7
29.9

30.0
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An analysis of these tables brings out some interesting points.

Rapid diameter and rapid height growth are by no means associated

always; a stand may make a very good diameter growth and yet poor

height development, particularly in some of the open stands in the

dry situations bordering the desert. Sustained growth rate seems

also to depend upon the character of the situation. Apparently

the rate is sustained longest on the poor sites where it is the lowest,

as though the tree were striving to reach certain dimensions before

its increment slackened.

The period of most rapid growth is reached early in the life of the

tree. In all the 18 localities for which data are given above, the

culmination of the annual growth in diameter takes place between

the fortieth and the one hundred and fiftieth year, usually about

the seventy-fifth year; in height growth, it takes place between the

forty-third and ninety-seventh years, averaging about the sixty-fifth

year. The culmination of the mean annual growth is of course later,

and in these localities was found to be between the seventy-eighth

and the one hundred and forty-fifth year (average 109 years) in the

case of height growth, and between 80 and 190 years (average 120

years) in the case of diameter growth. While the data are not wholly

consistent, both the mean and the annual diameter and height

growth culmiriate latest on the poorest sites.

VOLUME GROWTH.

No specific volume growth measurements were taken in the field,

but the volume growth tables have been derived from volume tables

and the diameter and height growth data.

Table 11 indicates the average number of board feet in trees of

various ages in several typical localities. It shows that in an unfavor-

able site, such as that near Winlocks Mill, the trees do not come to be

of merchantable size (12 inches in diameter) until 140 years old,

and that it takes 200 years for a tree to have a volume of 280 board

feet, and 300 years for it to have 900 feet; while on a favorable site,

such as at Fort Klamath, the average tree becomes merchantable in

80 years, and at 200 years contains 1,190 board feet. The culmina-

tion of the annual and mean annual volume growth takes place, as

would be expected, later than that of the diameter and height growth.

The period of most rapid current volume growth (which may be

derived from Table 11) falls variously from the one hundred and

fiftieth year to the limit of the table, while the maximum mean
annual volume growth usually occurs outside the limits of the table,

500 years.
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Table 11.

—

Average merdiantahle volume in hoard feet of yellow-pine trees at various
ages for 10 typical localities in Oregon.

Age,
years.

Whit-
ney and
Austin.

Look-
ing-
glass
Creek.

Wia-
lock's
MiU.

Ochoco
Creek.

Sisters

(1).

Lapine
(1).

Fort
Kla-
math.

Odessa.
Mead-
ow

Lake.

Em-
body.

Aver-
age. I

Volume of tree, in board feet.

20
40
60
80
100
120
140
160
180
200
220
^0
260
280
300
320
340
360
380
400
420
440
460
480
500

1

20
50
95
160
250
360
490
630
780
920

1,050
1,170
1,290
1,400
1,510
1,610
1,700
1,790
1,870
1,940
2,010
2,080
2.150

10
115
180
250
320
400
480
570
670
770
880
990

1,110
1,230
1,340
1,440
1,540
1,640
1,730
1,820

55
92
140
172
279
407
644
688
835
982

1,130
1,279
1,430
1,431
1,564
1,702
1,838
1,955
2,017
2,123
2,155
2,240
2,322

80
230
400
600
800

1,000
1,190
1,370
1,550
1,730
1,910
2,090
2,260
2,430
2,600
2,770
2,940

20
90
180
300
440
580
710
830
950

1,060
1,170
1,280
1,380
1,480
1,580
1, 680
1,770

50
150
205
275
350
430
510
690
670
750
835
925

1,020
1,110
1,210
1.300
1.390
1.480
1.570
1.660
1,750

150
260
380
500
605
705
810
935

1,070
1,230
1,430

20
105
195
290
390
500
610
730
860
980

1.110
1,240
1,370
1,500
1,600
1,790
1,930
2,070
2,210
2,350
2,490

80
210
370
540
730
920

1,110
1,300
1,480
1,660
1,820
1,980
2,120
2,260
2,400
2,540
2,680
2,820
2,960

20
75
140
205
280
365
470
590
740
900

1,090
1,270

70
165
265
375
480
600
720
840
960

1,070
1,170
1,260
1,320
1,370
1,420
1,450
1,470
1,490
1,500
1,510

I The average of 20 separate stands ia Oregon, the data for only 10 of which are given in the above table.

FACTORS AFFECTING GROWTH.

The most important single factor that affects growth is the amount
of available soil moisture. Provided that climate and drainage are

satisfactory, the most rapid growth is found in well-watered situa-

tions—^in coves, on moist north and south slopes, and on benches.

Heat also tends to promote the vigor of growth, provided soil and
moisture conditions are satisfactory; hence at the higher, colder ele-

vations and in cold situations growth is slower.

Another factor which materially affects the rate of growth of indi-

vidual trees is the density of the stand. In the study of the crown
space needed by trees of various sizes (see Table 6) it was found that

trees make their maximum growth when they have more space than

they do in the average virgin forest, open as it is. Beyond a certain

point increase in available crown space apparently does not cause an

increase in the growth rate. In some situations an excess of room
seems to inhibit growth, perhaps because it subjects the tree to

excessive exposure to wind and evaporation. It is natural to expect

that selection cuttings such as are practiced on the National Forests

(described in the chapter on "Management") will stimulate the

reserved trees to more rapid growth, and such is found to be the case.

In a detailed study* of several areas in the Blue Mountains, partially

logged over several years ago, the increase in the basal area growth of

1 Manu-script reiwrt by K. II. Weitknecht, a,Sii,stant forest ranger.
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the reserved trees v/as found to be very large. On seven sample plots

wliich were studied intensively it amounted to 310, 219, 242, 141, 103,

63, and 48 per cent, respectively. On these areas the increase in the

growth rate was in inverse relation to the volume of the reserved trees

on the sample plot. Where there were many trees left standing there

was less stimulation than where there were few. The acceleration

in growth was also more noticeable where the reserved trees were

evenly distributed than where they were crowded into groups.

The measurement of a similar area in Klamath County lightly cuUed

over some 24 years ago, on wluch "bull pines" and somewhat mis-

shapen older trees were left, showed the increase in the growth of

these reserved trees to have been surprisingly large since the thinning

was made, amounting in one sample plot ^ to 105 per cent in the

volume growth, and in another^ to 63 per cent in the basal area growth.

Yellow pine's rate of growth responds quickly to changes in the

soil moisture, soil depth, aspect, climate, density of the stand, etc.

;

and the changes in these factors are very frequent in the mountainous

,

country such as yellow pine inhabits. Within the Blue Mountain

region alone, on neighboring tracts (Winlock's Mill and MiU Creek)

both of which support typical commercial yellow-pine stands, the

volume growth of a 190-year-old tree is in the one case 3.7 board

feet per year, and in the other 9.0, a range of 240 per cent.

STANDS.

It is easy to determine the rate of growth of individual trees, but

extremely difficult to find out, even approximately, that of stands,

especially when only uneven aged and virgin forests which are irregular

in density are available for measurement. Theoretically, and ac-

tually on large areas, there is no net growth in the virgin forest; i. e.,

the growth of the living trees is just offset by the death of occasional

old ones. Young trees take the place of the dying ones just rapidly

enough to preserve indefinitely a uniform volume. Assuming that

no trees died, the growth on an acre in such stands as those listed in

Table 7 would probably be 100 board feet or more per year on average

soils, and fully 200 feet on good soils.^

The forester, however, is particularly interested in the rate of

growth that he can secure on lands that have been cut over under

proper regulations. Until there is an opportunity to remeasure

sample plots in areas which have been cut over, exact yield data of

this character will be lacking. Estimates based upon the gross

growth of virgin forests, which take into consideration the several

1 Manuscript report, " Silvicultural Aspects of Cutting in Open Yellow-Pine Forests," by H. D. Foster,

forest assistant.

» Manuscript report, "Notes Regarding Increased Growth la Yellow-Pine Stands as the Result of a

Selection Cutting," by Thornton T. Munger, forest assistant.

» Growth rate of individual trees as shown in Table 11.
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umneasurable factors—^lessened number of trees per acre after cut-

ting, occasional loss of some trees on account of accidents, increased

growth after cutting due to more growing space—point to the con-

clusion that central and eastern Oregon yeUow-pine timberland can

be counted upon to yield annually for an indefinite time from 75

board feet per acre on poor sites to 175 board feet on good sites.

This is not large when compared with the 800 or 1,000 board feet per

acre per year yields of the best Douglas-fir forests west of the Cas-

cades; but the chmate in the yeUow-pine belt is such that the pro-

ductivity of the forest soil is inevitably not large.

CHARACTERISTICS OF THE WOOD.

Botanically western yellow pine belongs to the subfamily of the

hard or "yellow" pines rather than to that of the soft or "white"
pines. In characteristics the wood is midway between the two. It

is described as foUows :

^

Rather light, not strong, grain fine, even, often twisted; annual rings variable in

width, summerwood l:»road or narrow, resinous; resin passages medium and rather

numerous; medullary rays not numerous, prominent; color very light yellow to red-

dish, thick sapwood almost white; not durable in untreated condition, but readily

receives treatment.

The smaller trees, i. e., the so-called "bull pines," and the centers

of the larger trees have a coarse-grained wood, in which the annual

rings are prominent and the summerwood rather hard, resembUng

that of some of the southern yeUow pines. The outside of the larger

trees, particularly of the slower-growing ones, is soft, uniform-

textured, and resembles strongly the wood of the eastern white pine,

western white pine (Idaho white pine), and sugar pine. The wood
from the outside of the lower logs of old trees is apt to be fairly clear

of knots, the worst defect in tliis lumber; but that from the upper

part of the tree and from young trees is almost always knotty, even

though the outside of the log may appear fairly smooth. Much of

the ycllow-pme timber cut in Oregon is so soft and white that it is

shipped east and used with satisfaction for purposes for which real

white pines and sugar pine have been used previously. Tlie char-

acter of the wood varies with the situation, a fact well known to

lumbermen, who find that the timber in certain localities produces

a larger percentage of the high-grade soft "shop" lumber than that

in other localities where it is similar in exterior appearance.

The following statistics summarize the characteristics of the wood.^

Average weight of oven-dry wood, 20.5 pounds per cubic foot. (Sargent.) (Excep-
tionally soft, light specimens from central Oregon weighed, air dry, 22 pounds per

cubic foot.)

> Forest Service Bulletin 90, "Uses of Commercial Woods of the United States; II, Pines."
2 For further description of the wood, see Forest Service IJulletin 101, " Western Yellow Pine in Ari-

zona and Now Mexico," by T. S. Woolsey, p. 33.
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Specific gravity (dry), 0.42.

Fuel value, 63 per cent of that of white oak. (Sargent).

Average breaking strength (modulus of rupture) of small clear pieces, green 5,659,

air dry 10,871 pounds per square inch, or 70 per cent that of green Douglas fir.

Average factor of stiffness (modulus of elasticity) of small clear pieces, green

1,159,000, air dry 1,534,000 pounds per square inch, or 65 per cent that of green

Douglas fir.

Length of fiber, from 2.5 mm. to 3.3 mm.
Weight of 1,000 feet b. m. of green logs (assorted sizes from Blue Mountains,

Oreg.), from 7,000 to 8,000 pounds.

Weight of 1,000 feet b. m. of rough green lumber, from 3,500 to 3,700 poimds.

Shipping weight of 1;000 feet b. m. of 1-inch rough air-dry lumber, 2,400 pounds.

UTILIZATION OF YELLOW-PINE FORESTS.

LUMBER.

The major product of yellow-pine forests is lumber in its various

forms. Oregon's yellow pine has been cut for local use by small mills

since the first settlement of the country some 60 years ago, but until

the last 10 years relatively httle extensive lumbering has been

carried on. The yellow-pine cut-over lands therefore are chiefly in

small patches adjoining small mills, and only in a few places, chiefly

along the main hne of the Oregon Washington Railroad and Navi-

gation Co. and its tributary lines in the Blue Mountains, are there

extensive stump lands.

Western yellow-pine lumber is used for almost every purpose to

which any pine lumber is put. Through central and eastern Oregon,

and in fact throughout most of its range, western yellow pine is the

most abundant timber tree, and is superior to most of its associates

for the large variety of purposes for which it is used. Many houses

in Oregon are built entirely of yeUow pine, even the shingles, floors,

and trimmings. Besides what is used within the State for buildings,

railroad structures, fencing, and construction purposes, Oregon

exports a large amount of the better grades each year. That shipped

from eastern Oregon goes largely to the timberless parts of the Rocky
Mountain States, to the Middle West, and even to the East, where

it is used as a general afl-purpose factory material for the manufacture

of doors, sash, finish, shelving, moldings, and special factory prod-

ucts, pattern material, bevel and drop siding, rustic ceiling, and

flooring. Some of that shipped from southern Oregon goes to Cah-

fornia and Nevada. Much of the lower-grade material is manufac-

tured into boxes in the State, and large quantities go to California for

fruit boxes.
FUEL, POSTS, ETC.

Yellow pine makes excellent fuel, for which both the green and the

dead timber are used. In addition to being sawed for lumber and
used for fuel, a very Uttle is used in the State in the round for house

logs and frames, fence rails, and posts, but for these purposes it is
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inferior to its associates, western larch, Douglas fir, and lodgepole

pine. It is only the ''pitchy " parts of the tree that are durable in the

ground and are prized for posts.

PULP.

Western yellow-pine wood has never been used commercially for

paper. Experiments made with it at the Forest Products Laboratory

of the Forest Service indicate that it has decided possibilities for this

purpose. With the soda process it yielded per cord 1,470 pounds of

pulp, the fiber of which was strong and of brown color, and which

would probably make a good grade of wrapping paper. By the

mechanical process it yielded 2,290 pounds of pulp, which had long

fibers and was creamy in color, but coarse and suitable only for mak-
ing manila and other papers where color and coarseness are of no

importance.
STOCK GRAZING.

One minor use, grazing of stock, and a suggested use, the extraction

of naval stores, deserve especial mention in considering the utilization

of yellow-pine forests.

In the yellow-pine forests of Oregon (except those on ooth slopes

of the Cascades south of Crater Lake and those on the Siskiyou

Mountains in southern Oregon and on some of the pumice-stone land

toward the head of the Deschutes Eiver) the trees are so open-grown

and the woods are so free of underbrush that a good herbaceous

vegetation suitable for forage springs up each year. The character

of the vegetation depends upon the region, but it usually consists in

part of a variety of grasses and in part of "weeds" (annual flowering

plants). In the Blue Mountains the herbage is rather more luxuriant

and varied than on the eastern slopes of the Cascades and their out-

standing ranges. In the early summer the open yellow-pine forests

of the former region are as green with fresh herbage as a lawn, except

here and there where the green is tinged with patches of yellow or

purple flowers. vSome of this luxuriant herbage is pine grass (Cala-

magrostis sp.), a plant which is not eaten by stock except very early

in the season; but much of the ground cover makes excellent range

for cattle and sheep. Nearly all the yellow-pine land in the State

which is not too brushy or too sandy is grazed by one or the other of

these classes of stock. It is thought that 3 acres will support a

grown sheep (or a ewe and lamb) during the summer season, and 15

acres will support a cow. This makes the forage worth annually

.5 or 10 cents an acre, which is a very decided additional revenue for

the owners of forest land.

TURPENTimNG.

In several particulars western yellow pine is similar to longleaf

pine (Pinus palustris) of the vSoulh Atlantic and Gulf States, which

is so valuable as a source of naval stores—turpentine and rosin.
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Recent experiments in turpentining western yellow pine in Arizona

and California ^ show that its yield of turpentine and rosin is very

similar to that of the southeastern pines, comparing very favorably

with that from longleaf pine (Pinus palustris). Although the season

of flow was foui" or five weeks shorter in Arizona than in Florida, the

yield of ''gum" was about four-fifths as large for equal periods.

So far as is known, yellow pine has never been tapped for turpentine

on a commercial scale in Oregon. In the summers of 1912 and 1913

experiments were undertaken by the Forest Service in Grant County

to determine whether yellow pine in this locality would yield enough

crude gum by the usual methods of tapping and whether its gum
was of good enough quality to be of commercial value. The results

obtained were not encouraging.^ In 1912, 199 cups were hung on
108 trees and they yielded in a 21-week season 0.111 pound of gum
per cup per week. In 1913, 201 cups were hung on 101 trees and

they yielded in a 21-week season only 0.069 pound per cup per week.

On the basis of 31-week seasons this is only 39 and 28 per cent,

respectively, of the average Florida yield from longleaf pine. While

the resin flowed throughout the season and was of good quality, the

yield was so smaU as not to be commercially profitable under present

conditions. The indications are that the nights are too cold and the

warm season too short to allow of an abundant flow. It is the con-

clusion that under present economic conditions in the naval-stores

industry turpentining of yellow pines in Oregon on a commercial

scale is impracticable. With the exhaustion of the supply of more
easily tapped trees elsewhere turpentining of yeUow pine may become
profitable. If so, it would undoubtedly have a marked influence

upon the handling of timberlands and be an added source of revenue

to their owners.

LOGGING AND MILLING.

METHODS OF LOGGING.

YeUow-pine logging is ordinarily done with horses, various methods

being used according to the density of the timber, the topography,

and the length of the haul.

The timber is feUed with the saw (PI. V), and bucked into from 12 to

20 foot, usually 16-foot, log lengths, sometimes the same crew doing

the felling and the bucking, and sometimes the latter operation being

done by special buckers working singly. The smooth, straight trees

are utiHzed to a top diameter inside the bark of 6 or 8 inches, occa-

sionally to an even lower limit; large trees with heavy branches or

a crooked main stem are often not usable below 16 inches. Yellow

1 Forest Service Bulletin 116, "Posslbilitiesof Western PinesasaSourceofNavalStores,"by H.S.Betts.
2 Manuscript reports of J. B. Knapp, assistant district forester, "Turpentining Western Yellow Pine in

Oregon," and of H. B. Oakleaf, forest examiner, "Turpentining Experiments on Western Yellow Pine

Conducted on the Whitman National Forest."
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pine falls heavily in open woods and is rather brittle, so that the

breakage is bad unless the ground is smooth and care is taken by
the felling crew to prevent crossing. The feUing and bucking are

done very commonly by contract, 70 cents per tree being now (1915)

the usual price for these operations.

Usually the logs are first "bunched" or '^ skidded" with a team of

horses and a pair of tongs, or with a team and a spool cart or a sled

" go-devil," these methods being used for distances less than one-eighth

of a mile except on a downhill pull, where they may be practicable for a

quarter-mile haul. In case the distance is short the logs are brought

directly to the railroad 'landings" by one of these methods. Other-

wise they are transported from the "bunches '

' to the mill or pond, or to

the raHroad, on four-wheeled trucks, or with "high " wheels. (See PI.

YL.) In practically every large yellow-pine operation in the State log-

ging railroads are being used for carrying the logs from the points that

can be reached economically by horses to their final destination at the

miU. In some small operations the logs are hauled on trucks 2

miles or so, but where raihoads are used the spurs are usually con-

structed so frequently that a haul with horses of over one-quarter

mile willnot be necessary for any considerable body of timber. In

a few operations, where raihoad construction is not feasible, a traction

engine is being used to haul great wagonloads of logs for considerable

distances along country roads from the woods to the mill.

Most of the yeUow-pine timber in Oregon which is now being

exploited and in which logging is likely to be carried on in the next

few years is ideal for horse and raihoad logging. The timber is of a

size convenient for handling, the topography is ordinarily not too

rugged nor the ground too rough, and the forest is open and fairly

free of underbrush, so that little swamping is necessary. The

climate and snow conditions are such that horse logging may be

conducted nearly throughout the year in most parts of the yeUow-

pino region, though fewer operations are in progress during the winter.

In a few instances logging yeUow pine with steam skidders or with

steam donkeys has been tried, but these methods have in some

instances been unprofitable and do not seem to be coming into

general use except on ground too steep for horses. In certain kinds

of topography steam donkey logging is practicable where horse

logging would be out of the question. River driving of yellow pine

is practically not done at all in this State, and probably never will

be to any large extent because of the scarcity of suitable streams.

Klamath Lake is used as a waterway across which logs are towed

from the woods to the mills.

The cost of logging yeUow pine varies greatly with the local con-

diticms—length of haul, lay of the ground, character and density of

the timber, wage scale, efficiency of lul)()r, o,ic. The following figures
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may be considered to represent the present average cost of an average

operation in which 60,000 board feet are being taken each day from

the standing timber and loaded on the log cars, using the ordinary

methods of horse logging.

Table 12.

—

Cost per thousandfeet h. m. of logging yellow pine for an average sample
operation.

Operation.
Cost per
1,000 feet

to. m.

Felling and bucking
Brush piling and burning
Hauling by horses, stump to landing
Loading
Supervision
Interest, depreciation, liability insurance, taxes, etc.

Total

SO. 70
.30
1.20
.20
.10
.30

2.80

MILLING.

There are all kinds of sawmills cuttmg yellow pine in Oregon, from

the small portable mill that can cut not more than 6,000 feet of logs

a day and runs only a few days a year to the large band mill that

cuts 150,000 feet in 10 hours and runs day and night throughout

the year. Altogether, there are in the State about 100 mills that

cut yellow pine chiefly, and their aggregate daily capacity is a httle

under 2,000,000 feet, which would be equivalent to 600,000,000 feet

per annum if every mill ran 300 days a year. Since many of them
operate only a fraction of the time and cut other species of timber as

well, the output in 1915 of the 134 mills that reported cutting some

yellow pine was 189,203,000 feet, which was 15.1 per cent of the

whole country's cut of this species. At the present time there are in

Oregon less than 20 mills cutting chiefly yellow pine that have a

10-hour capacity of over 35,000 feet, and only 4 that have a capacity

of 80,000 feet or more. Each year, however, new mills are being

built.

Most of the smaller mills that cut for the local use of the community
are equipped with a planer, upon which the better grades of boards

are dressed for use as finishing lumber. The larger sawmills have

elaborately, equipped planing mills where the rough boards are

kiln dried, resawed, surfaced, and dressed to such styles and sizes

as will find the most ready sale in the eastern markets and bring

prices that will repay the heavy transportation charges.

In the smaller mills the lumber is either sold "^mill run" without

grading or it is graded into "finishing lumber" (which is surfaced

and sized), '^common," and "cull" lumber. In the larger mills the

lumber is carefully graded according to the specifications of the

lumber associations.
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LUMBER GRADES.

In Oregon two sets of grades are used, one in use through all the

eastern part of the State, and the other in southern Oregon where

the lumber is shipped to California. Table 13 shows the names of the

principal grades and their average prevaUing values f. o. b. mill or

raih'oad dui'ing the past two years in two representative regions,

the Blue Mountains and the Klamath Lake region. It should be

remembered that the value of each grade is constantly changing

and that the percentage of grade is very variable from tract to tract.

The table is therefore an illustration, not a mathematical average:

Table 13.

—

Average value of the various grades of lumber from two typical yellow-pine

regions in Oregon.

Blue Mountain region.

Name of grade.

B select and better
C select

D select

No. 1 shop
No. 2 shop
No. 3 shop
No. 1 common
No. 2 common
No. 3 common
No. 4 common

Value per M
feet.

.$35 to $45
30 to 37
20 to 28
25 to 28
16 to 19
11 to 14
21 to 24
14 to 18
11 to 14
8 to 10

Klamath region.

Name of grade.

Nos. 1 and 2 clear

No. 3 clear
C select

No. Ishop
No. 2 shop
Box

Value per M
feet.

About S35. 00
About 30.00
About 30.00
About 24.00
About 17.00
About 12.50

PLANTING.

Direct seeding with yellow pine in Oregon, either by sowing the

seed broadcast or in prepared spots, does not promise good results

so far as is indicated by the experiments already made. Better

results will undoubtedly be secured by the planting of nursery-grown

seedhngs, though it will cost more initially. Since yellow pine

produces such a long taproot, it is rather a difficult species to handle

in the nursery and in field planting; therefore, plants older than 2 or

3 years, i. e., those about 6 inches tall, can not ordinarily be used

profitably in forestation work. As yet, but little planting of yellow

pine has been done in Oregon, and the experimental areas so far

planted aggregate less than 100 acres; but the indications are that

careful methods on reasonably appropriate sites will give satisfactory

results. The average cost of establishing a forest plantation of

yellow pine, 800 trees to the acre, is estimated as follows:

Per acre.

C'o.st price of 2-year-old, once transplanted nursery trees, boxed for

.shipping $3. 50

Average cost of shixjping stock f,o planting site and heeling it in . . . .50

Average cost of setting out the trees 5. 00

Total cost 9. 00
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MANAGEMENT OF WESTERN YELLOW PINE FORESTS.

The economic conditions which affect the management of timber-

land held in pubhc ownersMp are so different from those which con-

trol the management of privately owned lands that a separate dis-

cussion of each class is necessary. The administration of public

forests, such as those held by the Federal and State Governments,

is aimed to secure the greatest good to all concerned for all time;

i. e., present-day financial returns are secondary to the larger con-

siderations of sustained profit and public welfare. Privately owned
forests must be so administered as to yield the greatest present-day

profits, and this usually means harvesting the maximum yield within

the lifetime of the individual owner. Table 14 shows the proportion

of yellow-pine timberland in Oregon held under each class of ownership.

Table 14.

—

Ownership of the yeilow-pine forests of Oregon, 1913.

Character of ownership.

Area. Volume.

Acres. Per cent. Feet b. m. Per cent.

4,448,026
16,332

4, 742, 148

800,000

44.4
.2

47.4
8.0

34,812,400,000
51,400,000

27,398,300,000
9,100,000,000

48.6
In State ownership .1

In Federal ownership: i

National forests ... 38 5
Indian reservations 12.8

Total 10, 006, 506 100.0 71,362,100,000 100.0

1 Tc this might be added two or three hundred thousand acres in the public domain which carries four
million feet of yellow pine, most of which is too scattered and of too inferior quality to be considered of

commercial importance.

FOREST MANAGEMENT OF PUBLIC LANDS.

It is the policy of the Federal Government to administer the pubHc
forest lands in such a way as to perpetuate the forest on all the land

which is better suited to the production of timber than anything else,

and to make it yield for all time the greatest quantity and the best

quality of timber.

The perpetuation and proper utilization of the public forests of

yeUow pine, i. e., the practice of forestry on these lands, consists of

four lines of work: (1) The protection of the virgin forest from fire;

(2) the cutting of the mature trees in such a way that the immature
trees wiU be spared from injury; (3) the intensive utihzation of all

the merchantable timber designated for cutting; and (4) the proper

disposal of the logging debris in order to make possible the subse-

quent protection of the stand of immature timber from fire.

PROTECTION OF THE VIRGIN FOREST PROM FIRE.

It has been shown that the normal yellow-pine forest in Oregon is

many-aged and that it should have an abundance of trees of the

younger age classes along with the old trees. Absolute fire protec-

tion of the virgin woods is necessary, therefore, not alone to prevent the

damage or killing of commercial trees, but to prevent depreciation in

the future yields.
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Ordinarily, a fire in yellow-pine woods is comparatively easy to

check. Its advance under usual conditions may be stopped by pa-

trolmen on a fire line a foot or so wide, either with or without back-

firing. The open character of the woods makes the construction of

fire fines relatively easy, and in many places horses may be used to

plow them. The first consideration is to remove the causes of fires,

and the second is to detect at their incipiency those that do start,

so that they may be suppressed before they have spread to an un-

wieldy size. With a system of lookouts and patrolmen, a convenient

supply of tools and laborers, a reasonably quick means of getting fire

fighters to all parts of a tract, and with the exercise of care not to

start fires, it is possible, at reasonable cost, to eliminate forest fires

larger in extent than a few acres from most of the yellow-pine forests

of Oregon. In a few particularly brushy areas, such as the southern

Cascades and Siskiyou Mountains, these precautions wiU give less

assin"ance of success.

The following are samples of the provisions of proved practicability

wliich are placed in contracts between the Government and permittees

who are operating on the National Forests.

In order to check the spread of forest-tree diseases and to eliminate snags which
constitute a fire menace , we agree to cut all trees or snags marked upon the sale area

whether merchantable or apparently unmerchantable; provided, however, that the

number of such trees and snags to be so cut shall not exceed an average of 2 per acre

for the whole area included in the sale. * * *

During the period from May 1 to October 1 of each year all locomotives, donkey
engines, or other steam-power engines shall burn oil or shall be equipped with spark

arresters acceptable to the forest officer in charge, with a connected steam force pump
with not less than a 1-inch discharge, 100 feet of serviceable 1-inch fire hose, six 12-

quart pails, 6 shovels, and a constant supply of not less than the equivalent of 12 bar-

rels of water, this equipment to be suitable for fire-fighting purposes, and kept in serv-

iceable condition. During this period the purchaser may be required in the discretion

of the forest super\dsor to patrol all railroad tracks after the passage of each locomotive

.

No refuse shall be burned during the period from June 1 to October 1 of each year

without the \\Titten consent of the forest supervisor.

Whenever necessary in the judgment of the forest officer, the purchaser shall clear

and keep clear the railroad rights of way of all inflammable material, including snags

and dead trees, for a distance of not to exceed 100 feet on each side of the center of

main and spur tracks, in such manner and at such times as may be designated by the

forest officer in charge.
CUTTING THE MATURE TIMBER.

Many of the trees in the virgin woods, though large enough to be

merchantable, are not mature or "ripe" (bull pines, so called), and
should not be cut until thoy reach their maximum volume produc-

tivity and })est quality.

The sudden removal of the forest (;over in this dry (dimate is apt

so to expose the soil to sun and desiccating winds that its productive

capacity would be hissened, making difficult or impossible the stai't-

iiig of reproduction, a serious condition if there is not enough advance

reproduction on the ground.
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Yellow pine in its middle life and old age demands so much
light and gromid space that the soil is put to the most intensive use

only when the forests are uneven-aged, so that the younger trees may
pass their slow-growing sapling stage in the gaps between the big trees.

The system of cutting which seems to be ideal for this type of

forest is a form of selection cutting. Periodic cuttings are made,
in each of which all the overmature and thoroughly ripe trees in the

stand and all the defective ones are removed; and the sapHngs,

poles, and young, thrifty trees are left standing to form the basis

for the next crop. No tree is removed until it has reached its major-
ity, so to speak, and no old, slow-growing tree is allowed to stand
and occupy space which should be devoted to young and rapid-

growing trees. In this way the forest is kept at its maximum pro-

ductivity and the continuity of the forest cover is not interrupted.

In each cutting, under the practice of the Forest Service in Oregon,

from 10 to 30 per cent of the volume of the stand (above 12 inches

in diameter) is left. This is equivalent to 55 per cent of the trees

over 12 inches in diameter by number. It is anticipated that a

cuttmg of this character may be made at intervals of from 40 to 60

years, and that there wiU be a yield sufficient to justify logging.

Each tree which is to be cut is marked or "blazed" with an ax
by a woodsman who has experience, a trained eye, and good judg-

ment. He decides for every tree as he passes through the forest

whether it shall be cut or reserved. A woodsman may effectually

mark in a day 40 acres, or half a milhon feet. It is customary to

set an approximate diameter hmit of from 16 to 22 inches, the

majority of the trees above wliich hmit are cut, and those below

left; in actual practice this diameter hmit must be very elastic, it

often being wise silviculturally to reserve a tree 30 or more inches

in diameter while one of 14 inches must be cut.

The following classes of trees should be cut. They are arranged

according to the desirabihty of their removal:

(a) AH spike-topped, seriously fire-scarred, lightniag-struck, or

otherwise defective, yet merchantable, trees.

(b) All insect-infested and conky trees.

(c) All suppressed trees which apparently would not thrive and

make good growth even if released.

(d) AH thoroughly mature trees of all species which apparently wiU

not survive until the next cutting. (In this class should be included aU

trees hable to windthrow, which is a serious menace on certain sites.)

(e) Enough of the younger trees which would probably survive

until the next cutting to give the remaining trees plenty of room for

optimum growth and allow the saplings and seedlings to receive over-

head hght.^ The cuttmg, therefore, should be in the nature of an

improvement cutting. Though the trees that are left are not

reserved as seed trees, but rather as the basis for the next cut, many

1 Manuscript report by Forest Supervisor M. L. Merritt.
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of them are large enough to produce seed, and will serve for this pur-

pose in case an accidental surface fire gets into the out-over area and

kills off the advance reproduction of seedlings and small saplings.

Where the yellow pine occurs in small groups in which all the trees

are of an even age, the cutting should be to a certain extent group-

wise, it being an object to cut out in toto the groups of very old trees

and leave almost intact the groups of very thrifty trees. The clean-cut

gaps should not bemade large, since it is wise not to openup thestand too

heavily and allow drying winds to get at the soil, or chaparral to come
in and occupy the ground to the exclusion of young yeUow pines.

While the selection method of cutting makes the cost of logging a

Httle greater than it would be were every merchantable tree cut, this

increase is partly, if not wholly, compensated for by the fact that

the average value of the trees cut by this system is higher. The
"buU pines" that are left, though merchantable, are so heavy,

knotty, and sappy that they are not so profitable for the lumberman
to pay stumpage for and to manufacture as the older "yeUow pines."

In Appendix C (see p. 46) are given, in fuU, '^ Instructions for marking

timber in the yeUow-pine region. District 6," which are in effect in the

administration of timber sales on the National Forests of Oregon. In

contracts for the sale by the Department of Agriculture of yellow-pine

stumpage, clauses similar to the following are being used in order to

proTide for the cutting of the timber by the permittees according to

the methods described above

:

It is agreed that this sale includes all the merchantable dead timber standing and

down on the areas designated for cutting by the forest officer, and not less than 85 per

cent by volume of the total stand of merchantable live timber in trees 12 inches and

over in diameter at a point 4|- feet above the ground on such designated areas,, to be

marked for cutting by the forest officer in charge.

No unnecessary damage shall be done to young growth or to trees left standing, and

no trees shall 1)e left lodged in the process of felling. Unmarked or undesignated trees

which are badly damaged in logging shall be cut if required by the forest officer in charge.

All marked trees shall be cut. No live timber shall be cut except that marked.

INTENSIVE UTILIZATION.

One of the essentials of forestry is to secure a close utiUzation of

the forest: to cut aU merchantable dead trees and all living trees that

are ripe for the ax; to cut the inferior species along with the major

species, so that the forest may not degenerate; to use each tree

intensively, so that there may be no waste in high stumps, large tops,

or in partly defective yet usable portions of the tree. To secure this

conservative intensive use, provisions similar to the following are

introduced in National Forest timber-sale contracts, and they are

proving to be both effective and practical:

All cutting shall Ije done with a saw when possible; stumps shall be cut so as to cause

the least practicable waste, and not higher than 18 inches on the side adjacent to the

highest ground, except in unusual cafiaa when, in the discretion of the forest officer in

charge, thia height ia not considered practicable; all trees shall be utilized to us low a
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diameter in the tops as practicable so as to cause the least waste, and to a minimuin
diameter of 7 inches when merchantable in the judgment of the forest officer in charge.

The log lengths shall be varied so as to make this utilization possible.

All yellow-pine logs are merchantable under the terms of this agreement which are

not less than 10 feet long, at least 8 inches in diameter inside bark at the small end,

and, after deductions for visible indications of defect, scale 33 per cent of their gross

scale. * •* *

DISPOSAL or THE LOGGING DEBRIS.

The brush left after logging decays slowly in the dry climate of

eastern Oregon, and the fire season is long. Slashings on which the

brush is not disposed of properly are serious fire menaces. If they

become ignited they make a bad fire whiob is apt to destroy all the

young trees so carefully reserved in the logging and those whichi have
sprung up afterwards. The brush should be piled as the logging

proceeds, in small compact piles, away from the bases of reserved

trees and as far as possible from groups of reproduction. Wben the

piles become dry enough and the season is such that tbere is no danger

of a general conflagration, preferably in the late fall, the piles should

be burned. The danger of a severe fire within the next few years is

then practically removed. The cost of lopping the larger pieces of

debris and piling all the brush in a thorough fashion amounts to

somewhat less than 25 cents for each thousand feet of timber logged,

and the cost of burning it amounts to a few cents more.

Besides creating a security against fires, the piling and burning of

the brush has added advantages; it makes the logging decidedly

easier, since, if the piles are properly located, the teamsters and horses

can more readily get to the logs to haul them out, and it also tends to

prevent the inordinate increase of bark beetles and other insect ene-

mies that breed freely in logging debris.

In exceptionally dry situations where reproduction is scanty and
has difficulty in becoming estabhshed, as on the pumice soils of the

Klamath-Deschutes divide, it may be better forest management to

scatter the brush as a mulch over the surface of the ground, in order

that it may assist in preventing the evaporation of moisture from the

soil and in shielding the young seedlings from hot sun, dry winds,

and frost. The method is being tried on a small scale experimentally

by the Forest Service at the present time and is used quite generally

in the Southwest, where the fire risk is less and reproduction is difii-

cult. But it should be used only in localities where the fire risk is

small, as where the trees are scattered and the brush does not make
a continuous or heavy cover. At all events, fire lines or strips on which
all the brush is burned should be built, so that should a fire get into

the debris it could be confined to a small area.

To enforce the proper disposal of the slash on sales of stumpage on

the National Forests, a clause such as the following is being used in

the contracts with the permittees:

Tops of all trees feUed, whether merchantable or nonmerchantable, shall be lopped,

and all brush piled compactly at a safe distance from living trees, as directed by the

forest officer in charge.
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FOREST MANAGEMENT OF PRIVATE LANDS.

At the present time yellow-pine stands on privately owned lands in

Oregon are usually logged with no thought of securing a second crop

of timber on the land cut over. All the merchantable timber is cut,

the brush is allowed to lie where it falls, and the area is given no pro-

tection from fire. As a residt, fire usually gets into these slashings

and consumes many of the seedlings and saplings which were on the

ground as "advance reproduction" before the cutting. There being

no seed trees, the area does not reforest, but remams unstocked, or

inadequately stocked, practically an unproductive waste of idle land.

Such land is usually retained by the owner because it yields a rental

for grazing purposes, which about equals the taxes upon it.

A part of the yellow-pine land which has been cut over already is

adapted to agriculture, and therefore it has quite naturally been an

object of the owner to remove the timber in such a way as to anni-

hilate the forest. But the majority of the yellow-pine land in the

State is absolute forest land; i. e., it is too dry, or too rocky, or too

steep, or at too high an altitude for agriculture and is land which

serves its greatest usefulness in the production of forest crops. Where
such absolute forest land has become reforested after destructive lum-

bering, it has been by chance rather than by the intent of the operator.

It has been necessary up to the present time, because of economic

conditions, that the logging should be of a destructive nature. How-
ever, with the rapidly increasing value of stumpage the probability

of reform in timberland taxation, the greater security against forest

fires, and the increased stabihty and confidence in timberland invest-

ment, it can be said confidently that the time is here when the yellow-

pine timber operator in Oregon can afford to do something toward
conducting his logging operations and handhng his cut-over lands so

that they wiQ remain productive of forest crops. The Government
can afford to leave standing from 10 to 30 per cent of an uneven-aged

forest as the basis of a second cut, and allow it to grow for 50 or 60

years, but the individual owner can not afford to tie up an investment

in slow-growing timber for this length of time unless a speculative

rise in the value of the reserve stumpage be counted upon. In short,

the individual owner must take off the tract all the timber that he can
market at a profit in order to defray his logging and fixed charges and
to get back his invested capital; but even if he must cut off of the tract

aU the merchantable trees, and can not foUow the method practicable

on public lands, there are several measures which he can adopt to

promote the growtli of future crops of timber and to make the tract

more valuable. The raising of such a second crop is in no wise incom-

patible with tlie use of tlie land for grazing.

1 . He can protect the virgin woods from fire. This is being done
with fair success now on many private holdings in the State, and all

the indications are that it wiU be universal and effective throughout
the yellow-pine region of Oregon before many years.
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2. He can conduct the logging so that the seedlings and saplings,

small poles, and occasional large unmerchantable yellow pines which

are present in all stands will be spared and protected against forest

jQres, Misshapen or undersized yellow pines which it will not be

financially profitable to handle may be allowed to stand, for such

trees may make useful seed trees. Sometimes loggers now cut 10-

inch and 12-inch "bull pines" which are so small and yield such

sappy, knotty lumber that it is doubtful if their contents pay for

their handling. If such trees were left standing, the owner would be

out nothing and yet would have his land in better condition for pro-

ducing a second forest crop; and this would enhance its value even

though the second crop should not be as good as would be obtained

under a conservative selection method of cutting.

3. Every tree both dead and ahve of all species should be utilized,

both in the woods and in the mill, to the utmost degree of practi-

cability. The saving effected by intensive utilization may help to

defray the cost of brush disposal.

4. The brush should be piled and burned or otherwise disposed of,

so that the area will be immune from subsequent destructive fires.

Disposal of the brush will also benefit the grazing. The State law

now requires all slashings to be burned each year.^

It may be assumed that the first recommendation will be observed

anyway by aU timberland owners. Of the last three provisions, the

disposal of the brush is the only one that should cost the operator or

owner anything, and this piling and burning costs but Httle more
than the slash burning required by law of aU timberland owners and

operators throughout the State. It is beheved that the small amount
of money spent in brush piling and burning (perhaps 30 cents for

each thousand feet cut) is a good investment for the timberland owner

and will repay him in

—

(a) Increased ease in logging.

(6) Improved range for stock.

(c) Added safety of surroiinding uncut timber and of adjoining logging investments

against fire.

(d) Insurance of the young reserved seedlings and poles (the oncoming crop)

against disastrous fires during the next few years.

The observance of these simple principles, which require no revo-

lution in present logging methods, and which add but a trifle to the

present logging costs, seems well worth while for the owner who is

operating in yellow pine and is planning to hold his cut-over land

anyway. Cut-over land which has a second crop started should be

worth more some years hence than land that is absolutely denuded.

And if this second crop is secured without cost other than the charges

of holding the land, any increase in the value of the land on account

of its second crop is net gain.

1 Chapter 278, section 11, Laws of Oregon, 1911.
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APPENDIX C.

INSTRUCTIONS FOR MARKING TIMBER IN THE YELLOW PINE REGION,
DISTRICT 6.

East of the Cascade Mountains in Oregon and Washington, the commercial forests,

consist largely of yellow pine, either in pure stands or in mixed stands with Douglas
fir, white and grand fij, western larch, and lodgepole pine.

Since these forests are primarily uneven-aged, they should be managed by the
selection system (or a modified form of the selection system). It should be the aim,
therefore, to cut over each portion of these forests periodically. From the data now at

hand it is evident that the period between cuttings (the cutting cycle) should be about
60 years, and that no trees should be cut until they are 180 years old; i. e., the
rotation should be 180 years.

The following general principles should govern the marking of timber in forests of

this region:

GENERAL PRINCIPLES FOR ALL TYPES.

1. The cutting should be fundamentally an improvement cutting; and the officer

who is marking the timber should decide first what is to be left, and then mark for

cutting what is not reserved. His aim should be to leave the forest in the best con-
dition for development dmring the coming cutting cycle, so that it will produce a good
crop in the next cutting.

2. Aim to mark for cutting the thoroughly mature trees of all species and all those
which will not survive and make good growth until the next cutting, 60 years hence.

3. Aim to reserve as the basis for the next crop a well-distributed stand of thrifty
saplings, poles, and young standards, each of which is capable of living and growing
until the next cutting. The trees which are reserved should be considered not aa

"seed trees," but as the nucleus of a later cutting.

4. On the average from 20 to 25 per cent of the estimated volume of the trees over
12 inches in diameter should be reserved. Where most of the timber is thoroughly
mature or decadent, it may be wisdom to leave a smaller percentage; where most of

the timber is young and thrifty, a much larger proportion should be reserved. In
general, make the cutting as light as is consistent with allowing the logger to do prac-
tical, profitable logging, aiming thereby to extend the improvement cutting over a
larger area, instead of making it a heavy cutting on only a small area.

5. An area should not be included within the limits of a timber sale in which there
is not enough mature timber to make it worth the while of the logger to go into that
area for the mature timber alone, thereby necessitating marking immature timber in
order to make the logging profitable.

6. Do not hesitate to make the marking somewhat groupwise, if all the trees over a
certain area are thoroughly ripe, except in exposed situations where gaps in the forest

canopy are not desirable or where there is danger that the reproduction will be
endangered. Yellow pine occurs' to some extent even-aged in groups; and it will be
necessary often to remove the old groups in their entirety. Avoid, however, making
a clearance over an area larger than an acre.

7. Mark for cutting the following classes of trees of all species throughout the region
in the following order of preference:

(a) All spike-topped, seriously fire-scarred, lightning-struck, or otherwise defec-
tive yet merchantable trees. Do not, however, consider that every tree

that has a fire scar or a thin crown or some other deformity has got to be
removed. Few perfect trees are to be found, and small basal scars or dmilar
injuries in no way impair the health of the trees.

(6) All insect-infested trees.

(c) All suppressed trees which apparently would not thrive and make good growth
even if released.

(d) All thoroughly mature trees of all species which apparently will not survive
until the next cutting.

8. In general, the species should be favored in marking in the following order of

preference:' Western yellow pine, sugar pine, western larch, Douglas fir, white (or

grand) fir, and lodgepole pine. The last two species should be considered forest weeds,
and always marked heavily where better species are present.

The forests of this region may be, for the convenience of discussion, grouped into

thi'ee classes: (A) practically pu-re stands of yellow pine; (B)_mix3d stands in which
there is a good deal of yellow pine; (C) mixed stands in which there is little or no
yellow pine. The marking in each type involves some considerations peculiar to

that type.
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A. Practically pure stands of yellow pine}—This classification occurs on the slop©
type of the region east of the Cascades, and includes most of the commercial timber
of this region. In addition to the kinds of trees mentioned above, in this type the
following classes of yellow pines should also be removed:

1, Such of the mature yellow pines as would probably survive until the next
cutting, when there is a superabundance of such trees to leave as the basis

for the next cutting and to insure reproduction.
2. Young yellow pines, "bull pines," where the thinning out of a congested

group is advisable.
B. Mixed stands with some yellow pine.—This is the kind of timber that is char-

acteristic of the north slope subtype in the Blue Mountains. This class of land is well
adapted to the growth of yellow pine; and, therefore, this species should be favored
in marking in preference to all other species. Yet the species of secondary
importance, Douglas fLr and western larch, should not be marked heai'ily ex-
cept where by so doing young yellow pines already in the stand will be directly
benefited. This practice is advisable for two reasons: (1) At the present time
Douglas fir and western larch in yellow-pine sales are undesirable to the pur-
chaser and do not bring a price commensurate with what they will be worth in the
future, and (2) it seems better to mark these secondary species lightly now and have
the assurance of an early second cut than to make a heavy cutting now and as a
result not obtain a second cut until the remote future, even though by the heavier
cutting more yellow pine might be gotten into the future stand. In other words,
do not sacrifice now any thrifty Douglas fir and larch unless the silvicultural condi-
tions and composition of the forest is going to b9 directly benefited. The mark-
ing, therefore, should conform to the following principles, supplementing those under
"General Principles:"

1. Consider white fii', grand fir, and lodgepole pine as forest weeds to be
marked to as low a diameter as is consistent with the terms of the timber-
sale contract and justice to the purchaser, both in order to strive to de-
crease the proportion of these species in the forest and to give place to more
desirable species.

2. Consider Douglas fir and western larch not as undesirable species, but as

species of secondary value.
Therefore, mark only such thrifty Douglas fir and larch as are in active compe-

tition with good yellow pines, or with superior Douglas firs and larches. For ex-
ample, where a Douglas fir (or larch) and a yellow pine, both thrifty and of the same
character, are growing side by side, one to be reserved and the other removed, the
yellow pine should be reserved and the species of secondary value cut. In choosing
between a Douglas fir and a larch, preference should be shown the larch except in
situations not well adapted to this species.

C. Stands with little or no yelloiv pine.—This is the kind of timber which is typical
of the transition type. Since in this type there is practically no yellow pine,

stands of this character are ordinarily not included in the timber sales in the yellow-
pine region except in cases where some of this type forms an inseparable part of the
logging unit.

In general the procedure in marking should be the same as under "General Prin-
ciples" and under ""B" with these provisions:

1. Mark the inferior spacies—white fir, grand fir, and lodgepole pine to a low
diameter limit, except that where these inferior species compose practi-

cally the whole stand, leave the thrifty trees of these species in preference
to making a clearance.

2. Mark only such trees of the desirable species as would not thrive for the next
60 years and such as are a detriment to their superior associates.

APPENDIX D.

INSTRUCTIONS FOR BRUSH BURNING UNDER THE SELECTION SYSTEM OF CUTTING
IN DISTRICT 6.

In most cases where the selection system ispracticed in this district, i. e., throughout
the yellow-pine type and most of the mixed forest types east of the Cascades, the brush
is piled anu V>urned in logging operations on the National Forests. The following in-

structions are issued in regard to methods of brush piling and burning, in order that
this most vital and far too often poorly managed part of our administration of selection

cuttings may be hanflled in the best possible faahion.

' .Since su(,'ar pine so closeJy resembles yellow pine in value and silvical requirement, it is adapted to the
{lame methofi of treatment a.s tije yellow pine with which it is associated.
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Piling hrvish.—The first step in successful brush disposal is to secure good pUes, and
this requires the observance of the following provisions:

1. The large limbs should be lopped off the tops, so that, where piles are made on
the tree tips, the brush will lie compactly.

2. Piles should be placed as far as possible from reserved trees of all sizes and from
patches of reproduction of all species.

3. Piles should be made medium in size; i. e., they should not be so large that they
will make a dangerously large blaze, and they should notbe so small that they will be
unnecessarily costly to burn or cover an unnecessarily large proportion of the ground.

4. The debris should be laid on the piles in an orderly fashion, so that they will be
compact. The piles should be piles, and not heaps of brush.

5. Large chunks, and heavy limbs free from twigs, should not be placed on the piles.

Such pieces will not burn up completely, and, if charred, will not rot quickly.
Burning the piles.—The success of the selection method of cutting as practiced in

the yellow-pine region depends upon the proper burning of the brush. _ If it is not well
done, thesalewillbebadsilviculturally no matterhow good the marking or how much
care is taken to avoid damage to reproduction and reserved trees. In order to burn
the piles so that the least possible damage to the forest will be done, the following points
should be observed, whether the burning is done by the purshaser under the direction

of the forest officer or directly by the Forest Service.

1. Each burning crew should consist of but four or five men, who should be in charge
of an intelligent, careful foreman. In every case there should be a forest officer to

each two crews, and he should be on the ground supervising the burning most of the
time while it is in progress.

2. The lighting of the piles should be done only by the foreman or some other re-

sponsible member of the crew, who will use good judgment in applying the torch. ^ At
times when the brush is apt to burn freely, only every other or every third or fouith
pile should be lighted, and the balance burned later or on another day, and thus the
intense heat caused by burning consecutive piles will be avoided and the danger of a
general conflagration lessened. Account should also be taken of the direction of the
wind in relation to reserved trees, and the torch used with discretion accordingly.
The balance of the crew should "chunk up" the piles, so that a rim of unburned

limbs, twigs, and needles will not be left, and should with shovels confine the fire to
the space immediately about the piles.

3. The foremost consideration in brush burning is to lessen the fire menace from the
logging debris in such a way that as little as possible of the reserved timber and young
gi-owth will be hurt. It is not necessary, therefore, to burn every pile, for when an
occasional pile is of necessity close to young trees, it is far better to leave it than to burn
it and damage them. It is also unnecessary to burn the brush absolutely clean to a
bed of ashes. The coarser pieces are not a fire menace so long as all the fine twigs and
needles are consumed, and though unsightly for a year ortwo they are not so much so as
a group of scorched or dying poles and saplings. ' It is usually better, silviculturally
to have the piles burn moderately than to have them bum fiercely, and the increased
cost of slow burning is amply Justified.

4. In general, the fall is the best season for brush burning in practically every part
of the district. On all sales, therefore, all the brush piles which have accumulated
to date should be burned in the fall and early winter. In large sales where log-
ging is in progress during the winter and early spring, in order to avoid carrying
through the dry season a large quantity of brush piles, it may be best to do some spring
brush burning. In any event, where a lai'ge quantity of brush is on hand in the spring,
strips of brush piles should be burned for fire lanes. Begin fall burning as soon as the
woods are wet enough, and spring burning as soon as the piles are dry enough. The
burning seasons are short and should be made the most of.

5. The key to successful brush burning is the selection of exactly the right time to
do the burning. TMien the season is right for burning, prompt action should be taken
to get the burning crew on the ground. The weather for each day must be considered.
On windy days or during the hot middays, if the burning can not be done without
danger or damage to young growth, it must be discontinued until conditions are right.
On some steep brushy slopes, burning may be safe only when the brush is ratherwet or
when snow is on the ground. In short, use judgment in selectingthe day and the time
of day for burning each part of a slashing; i. e., do it only at such times as will insure
the best silvicultural results, and the administration of the crew should be so arranged
as to accomplish this, even though to do so increases the cost of the brush disposal.

1 A convenient brush-burning torch has been devised by one of the supervisors. It consists of a piece
of light 2-inch pipe, IS inches long, with a detachable cap or headstop at one end, which is fitted through
a reducer to a piece of | or | inch pipe 30 inches long. Tiirough the small pipe is run a cotton wick of the
same size, its lower end being bent into convenient shape. The large pipe answers as a tank and will
hold 1 quart of coal oil.

O
J
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INTRODUCTION.

The grape leaf-folder, Desmia funeralis Hiibn. (family Pyralidae)

has long been known as a pest of grapevines. Since 1885 the injury

inflicted by the larva has been described frequently, and different

remedial measures have been suggested. However, the insect has
not been the subject of very careful study, and references to it in

hterature are mostly in the form of short notes in farm and horti-

cultural journals.

Certain facts concerning the Hfe history and habits of this insect

were obtained during two seasons' observations in the vicinity of

the city of Washington.

HISTORY.

The grape leaf-folder first appeared in hterature in 1796, when it

was figured by Hiibner (1)^ under the name of Pyralis funeralis,

Switzerland was given for the locality, which was evidently a mis-

take, as pointed out by Guenee (5, p. 190) in 1854. Later Jltib-

ner (2) placed the species in the genus Anania.

In 1832 Westwood (4) established the genus Desmia and placed
in it the species maculdlis, including as a probable synonym Botys

1 NumlKirs in lyarcnthcsLs refer to " Literature cited," p. 13,

65055"—Bull. 419—10
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Incolor Swainson (3), which he considers the female of maculalis.

Jn 1854 Guenee (5, p. 189) included in the genus Desmia descrip-

itions of both maculalis and Hiibner'sfuneralis, the latter being taken

from Hiibner's original figure of the species. Five years later

Walker (7) reduced Desmia maculalis Westw. to the rank of a syno-

nym, naturally giving Desmia funeralis Hiibn. priority.

Following is the synonymy of the species:

Desmia funeralis.

Pyralis funeralis JIuhii., Pyral. f. 103, 1796.

Anania funeralis Hiibn., Verz. Schm. 360, 3449.

Botys bicolor ? Swain., Zool. Illustr. II, pi. 77. 1821-2.

Desmia maculalis Westw., Mag. Zool. Class IX, pi. 2. 1832.

Desmia funeralis (Htibn.) Guen., Delt. et Pyral. No. 124, p. 190. 1854.

The history of the grape leaf-folder from an economic standpoint

began in 1855 with Glover's (6, p. 78) description of the injury

inflicted upon grapevines under glass. The remedy suggested,

which has been recommended most often since, was hand-picking

and tramphng under foot of the folded leaves, thus killing the larvae.

Glover had specimens and records of injury from the District of

Golmnbia, Columbia, S. C, and Atlanta, Ga.

In 1868 Riley (9) gave a short description of the insect and its work
and stated that it was of common occurrence in Ilhnois.

Saunders (10), in his "Insects Injurious to the Grape," mentions

having met with a few specimens of the gTape leaf-folder in Ontario,

Canada.

In 1897 Hoy (11) stated that Desmia, in Wisconsin, was a great

pest among the vineyards.

Bulletin 4 of the South Carolina Agricultural Experiment Station

(12) states that the insect is very abundant throughout the Southern

States; the damage wrought by it, however, is slight. The usual

remedial measure, that of crushing the larvae within the folded leaves,

is recommended.
In the same year Woodworth (13) writes that Desmia funeralis is

an important pest in Arkansas. Here we find the most complete

account of the hfe history to date. Six species of insects parasitic

on the grape leaf-folder were obtained, and the author advises keeping

the infested leaves, after picking, in a finely screened box in order to

afford the parasites an opportunity to escape, but yet retain the hosts,

and thus materially aid in the natural control of the pest.

The same author (14, p. 71), two years later, informs us that the

station vineyard at the Arkansas Agricultural Experiment Station is

badly infested. He notes a difference in the amount of injury in-

flicted upon different varieties of grape.

Riley (16) again refers to the insect, quoting correspondence show-

ing the leaf-folder to be common in Texas, and Troop (15, p. 74) re-
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cords the species in limited numbers in Indiana, The latter writer

recommends gathering and burning all dead leaves.

Marlatt (17) gives a short account of the insect's life history and
recommends the use of an arsenical spray as well as hand picking and

clean culture as combative measures.

Smith (19, p. 459) hsts Desmia funeralis from several locahties in

New Jersey, and Bogue (18) records two broods of the insect in

Oklahoma. Picking the folded leaves is recommended, together with

rearing the parasites and allowing them to escape.

Unusual injury by the pest in various localities in Georgia is

recorded in the Annual Report of the Georgia Agricultural Experi-

ment Station (20)

.

Webster and NeweU (21), in Ohio, reared the insects, together with

a parasite, Habrohracon gelechiae, from grape leaves. Washburn (23)

records the insect in Minnesota and recommends hand picking.

Pettit (24, p. 322) refers to its presence in Michigan.

Quaintance (25) gives a short sketch of the Ufe history of the grape

leaf-folder, with treatment, the latter consisting of spraying, hand
picking, and clean culture. Vines sprayed with arsenicals for other

insects will not be troubled by the leaf-folder.

Essig (26) has recently treated of the pest in Cahfornia, giving a

short account of the life history of the species; arsenical spraying is

recommended as a remedy, although the insect has never become
economically important in the Far West.

DISTRIBUTION.

Walker (7) gives the distribution of Desmia funeralis as United

States and Nova Scotia to Orillia, Ont6,rio Province, Canada.

According to Marlatt (17) it occurs from New England southward to

Florida, and westward at least to the Rocky Mountains. The Atlan-

tic States is given as its range in Dyar's hst (21).

In California, according to Essig (26), it occurs in the central part

of the State, being most commonly found in the Sacramento and San
Joaquin valleys.

It will be seen from the above and from the references given under

the history of the species, that Desmia funeralis is widely distributed

in the United States, covering doubtless aU regions where the wild or

cultivated grapes grow. It also extends on the north to include a

considerable portion of Canada. However, the insect has not as yet,

%vith occasional exceptions, assumed the proportions of a pest of much
economic importance outside of the Central States between the lati-

tudes of 35^ and 40°.

On the accompanying map (fig. 1) are shown localities in the United

States and Canada where the writer has been able to find definite
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records of its occurrence. However, in States where the map shows

only a single record, a search for specimens would doubtless show the

species to be present generally,

FOOD PLANTS.

Desmiafuneralis feeds principally on the wild and cultivated grape.

It has been collected on fox grape, Vitis labrusca; southern fox grape,

Vitis rotundifolia; and Vitis cordifolia.

Generally speaking, all varieties of cultivated grapes are liable to

attack, though there is some evidence to indicate that the larvae may
show discrimination. According to Woodworth (14) this distinction

made by the larvae between varieties is quite marked, the varieties

Fig. 1.—Map showing distribution in tlie United States of the grape leaf-folder, Desmia funeralis,

(Original.)

Agawam, Brighton, Excelsior, Grain's Golden, Highland, Herman,
Israella, Jefferson, Jessica, Mary Ann, Lady Washington, Merrimac,

Mason Seedhng, Requa, Rogers, and others losing more than three-

fourths of their fohage, while others lose about one-half. The writer

has found in Virginia that the Chnton, Duchess, Martha, Moore's

Early, and Amber varieties are particularly attractive to the insect.

Varieties with tough leaves are less attractive than those with more
tender fohage.

Plants other than the grape are fed upon by Desmiafuneralis, Titus

having found it on Virginia creeper (Parthenocissus quinquefolia [L.])

near Somerset, Md. He also found two varieties of redbud, Cercis

canadensis and Cercis cJiinensis, as hosts, in the Department of Agri-

culture grounds at Washington, D. C.
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The Grape Leaf-Folder.

Life history of the grape leaf-foUlor ( jMxini.a Jii/ii.i:riiHn): a, Kw; '' licarl of adult female, side
view; c. arliilt male; d, pupa: e, folded leaf making a retreat for larva; /, enlarged head of
larva «howiri(f mouth partH, frontal vii-vv; (i, eulartced maiidibh! willi wliieh larva eats the
tisHues of the leaf; k, h, dorsal view of larva, and head and thorax of same, side view;
i, moth, natural six-e. (Original.)
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Work of the Grape Leaf-Folder.

a, Grape leaves recently folded by larvae; 6, folded grape leaf torn open to show full-grown

larva within (from life); c, adult on grape leaf (from life); d, effect on grape leaves of attack

by larvae, a, b, Reduced; c, d, somewhat enlarged. (Original.)
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EXTENT AND CHARACTER OF THE INJURY.

During most years in a few localities throughout its range of dis-

tribution, this insect is quite abundant and the cause of important

damage to the vine by the destruction of the fohage at a time when
this is needed to ripen the fruit properly. During occasional years

it may become excessively abundant and destructive, as has been

the case in the environs of Washmgton, D. C, during the past three

or four years.

The grape leaf-folder gains its title through the injury inflicted by
its larvje upon the fohage. In the experience of the writer, the

direct injury is sustained by the fohage alone, although Mr. Fred

Johnson has observed the larvae of the first brood eating the blos-

soms and yoiuig fruit.

The injury to the leaves is very characteristic and may be easily

recognized (PL I, e). As soon as the larva is large enough it folds

the leaf, exposmg the under surface, the edge being held in place by
bands of sdk thread (PI. II, a; PI. Ill, a). It is within the protec-

tion of this fold that the larva feeds, skeletonizing the leaf on the

upper sm-face (PI. Ill, h).

When the larvae are numerous the injury to the vine becomes very

conspicuous, even at a considerable distance, for the light color of

the under surface of the folded leaves contrasts strongly with the

dark green of the upper side presented normally, giving the vine a

patchy appearance. Later in the season the skeletonized leaves dry

up (PI. II, d), exposing the fruit to the rays of the sun and, in case

of a severe attack, rendering the fruit unmerchantable. The writer

has observed such conditions in several vineyards in Fairfax County,

Va.

In a young vineyard at Herndon Heights, Va., consisting of sev-

eral acres of Concords and Niagaras, four-fifths of the fohage was
found to have been destroyed. In the immediate vicinity there was

an abundance of badly infested "chicken" grapes (Vitis aestivalis),

which doubtless served to supply the insects to the cultivated vines.

The experience of a grower with the depredations of this pest at

Riviera, Tex., is of interest and is presented in the following letter

received by the Bureau of Entomology under date of January 15,

1-915:

This insect waa much more troublesome here last year than ever before. It appeared

in force ju.st as the grapes were beginning to color or ripen, and so thoroughly stripped

oflf the leaves that the grapes could be used only for jelly, or sauce, by cooking them

green. I saved most of mine by dusting the vines with Paris green and lime in the

early morning while the dew was on the leaves ancl the wind was calm, but the few

others here who raise grapes had no ripe ones to eat or sfill. The clusters hanging

below the leaves (and usually getting very little dew) caught very little of the poison.
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DESCRIPTION OF THE GRAPE LEAF-FOLDER.

ADULT.

The wings of the moth when fully expanded (PL I, c) meas-

ure about nine-tenths of an inch. These are very dark brown in

color with an opalescent or silvery reflection, and are bordered with

white. The forewings in both sexes have two nearly oval white

spots, while on the hind wings of the male there is one spot, which,

in the female, may be divided. The body is black, crossed by two
white bands in the female and by one band in the male. The male

antennae are thickened

or knotted near the

middle, while in the fe-

male (PL I, 5) they are

uniform and thread-

like.

THE EGG.

The egg of the grape

leaf-folder (fig. 2, a; PL
I, a) is eUiptical in out-

line and very minute,

measuring about 0.7

mm. in length. Its

membranous chorion,

or outer covering, pre-

sents under high mag-
nification dehcate hex-

agonal markings.

THE LARVA.

The larva, when
fully grown (PL I, li;

PL II, h) is about an
inch long, is widest in

the middle, and tapers toward either end. It is glossy, translucent

yeUow-green on the sides and somewhat darker above, with scattered

fine yellow hairs on each segment. The head and prothoracic shield

(PL I, /, Ti) are fight brown, and there are light-brown spots on the

sides of the first two thoracic segments.

Fig. 2.

—

a, Egg of the grape leaf-folder showing larva just before

hatching; 6, newly hatched larva. Greatly enlarged. (Original.)

THE PUPA.

. The average pupa of Desmia funeralis is a fittle over half an mch
long (PL I, d). The fight-brown color shown just after pupation

soon turns quite dark. The pupa tapers characteristically toward

the posterior end, where an 8-hooked cremaster is located.
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LIFE HISTORY AND HABITS.

The moths of the grape leaf-folder issued in greatest numbers

during the early part of May, from pupse overwintered in jars in the

out-of-door rearing shelter at Washington, D. C. This maximum-
emergence date will vary, of com*se, with different localities, owing to

variation in humidity and temperature. Moths were obtained over

a much longer period, including the latter part of April, aU of May,

and most of June.

About 60 minutes is consumed by the insect in emerging from the

pupal skin, the operation commencing with a circular abrasion at the

head end. The number of females to issue was greater than the

number of males by approximately seven to one. Numerous moths,

both males and females, were confined in jars for several days and

fed on honey and water, but at no time was mating or oviposition

observed.

The adults when disturbed fly rather quickly, but as a rule they are

to be found at rest on the underside of the leaves (PI. I, i; PI. II, c).

The eggs are usually deposited singly on the underside of the loaf (PI.

I, a) along the midrib or other veins, or in the angles formed by the

branching of the veins. The writer has found eggs scattered over

the grape canes, as has been recorded, and the finding of them on the

leaves has been corroborated by other observers.

The young larvae, about one thirty-second of an inch in length

(fig. 2, &), emerge from the eggs in 8 or 10 days, and as they are unable

at this time to fold the leaves, search out a sheltered place among the

fohage, or even crawl into the folded shelter made by an older larva,

where they commence feeding upon the upper epidermis of the leaf.

During its hfe the larva molts six times, the thoracic markings

becoming darker with each molt. During the periods of three or four

days between molts the larva feeds almost continuously, though it

is especially active at night.

Wlien about two weeks old the larva makes a small fold in the leaf.

It commences the operation by spinning strands of silk from side to

side, across a portion of the leaf near the edge, each successive silken

strand being shortened until the edge of the leaf is gradually drawn
over and fastened with shorter bands of silk. It has been thought by
some investigators that among the leaf-tying and leaf-rolling larvse

the folding and fastening of the leaf is not so much the j)roduct of

actual strength exerted by the immature larva^ but is the result of

sohdification of the newly-produced silken strands in drying. Within

this shelter the larva spins a further protection, composed of many
recrossed strands of silk (fig. 3). If its shelter is torn open, the larva

wriggles violently and usually falls to tlio ground.

I'hc attacks of a larva ar(5 not necessarily confined to a single leaf.

In rearing experiments conducted in jars two loaves usually consti-
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tuted the food of a single larva throughout its life. On the other

hand, a single large leaf may he the object of attack of more than one

larva, seven having been counted under field conditions.

In the latitude of Washington, and perhaps in most of the Northern

States, there are two generations of the grape leaf-folder each year.

In the Southern States it is thought that there may be three or

more generations annually.

The majority of first-brood larvae pupate during July, the average

length of time passed in the larval stage being about four weeks. The
fidl-grown larvae leave their shelters and drop to the ground, where
they transform among fallen leaves, trash, etc. In exceptional cases

a larva may web several leaves together on the grapevine and pupate

within this shelter, or

^ it may even pupate

within the folded leaf

where it has fed.

During the latter

part of July and
throughout August

the moths are again

flying and depositing

eggs, from which will

hatch the larvae of

the second brood.

Compared to the
number of larvae that

appear in the second

brood, those of the

first are quite insignificant, and it is through this great increase in

numbers that the injury becomes serious in late summer and fall.

These larvae of the second brood begin to pupate in September in

the latitude of Washington, and by the middle of October few, if

any, are to be found in the leaves. The pupae of this brood are also

to be found among the dead leaves on the ground, and it is in this

stage that they pass the winter.

Fig. 3.—Larva of grape leaf-folder under its web on grape leaf, wliich

has been spread open. Much enlarged. (Original.)

NATURAL ENEMIES.

The larvae and pupae of Desmiafuneralis are preyed upon by a num-
ber ofhymenopterous and dipterous parasites. These natural enemies

help materially in keeping down the numbers of the pest, and are,

together with other factors, responsible for the greatly diminished

numbers of the overwintered pupae, and consequently of the first brood

of larvae in the spring.
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Work of the Grape Leaf-Folder.

a, Orape leaf attacked by leaf-folder, Hev( ral folds beiup torn open to show larvae; b, grape
leaf wkeletonized by larva;. (Original.)
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Parasites of the Grape Leaf-Folder.
o Newly hatched larvEK of Ho.brobracon johannseni feeding on larva of grape leaf-folder;

b HabrobracoD larva, more enlarged: c, head of Habrobracon larva, still more enlarged,
showing rudimentary antennae: d. Habrobracon cocoon on portion of grape leaf- e ventral
view of pupaot Habrobracon; /, adult Habrobracon; g, Exoristapyste; h, Meteorus dimidiatus
(natural size at right)

; i, Perilampus platygaster, an internal hyperparasite attacking Mete-
orus iarvEe m Meteorus cocoon; j, Leskiomima tenera, adult; k, puparium of Leskiomima,
showing remains of chitinized parts of grape leaf-folder. Much enlarged. ( Original.

)
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Following is a list of parasites of Desmia funeralis reared by the

writer

:

HTMENOPTERA.

Apanteles canarsiae Ashm.
Habrobracon johannseni Yier.

Meteorus dimidiatus Cress.

Pardianlomella ibseni Gir.

Tachinophyto variabilis Coq.

Exorista pijste Walk.

Trichistus pygmaeus Cress.

Mesochorus scitulus Cress.

Gemocerus sp.

DIPTERA.

I

Leshiomima tenera Wied (PI. IV, j, h).

Fig. 4.

—

Apanteles cwnarsiae, a parasite of the grape leaf-folder: a, Apanteles larva feeding on grape leaf-

folder larva; 6, adult Apanteles (natural size at right below); c, cocoon of same; d, pupa of same. Much
enlarged. (Original.)

The following notes were made on the life histories of several of the

foregoing species during the course of the study.

Scvfral individuals of Apanteles canarsiae Ashm. (fig. 4) were found

in considerable numbers. Their small white cocoons were quite

abundantly scattered over the larval webs of Desmia during the latter

part of August and the first of September. The minute, sluglike

larv£e of the parasite feed externally, a single individual completely

consuming the soft parts of its host. Wlien fully grown the larva

crawls some distance from the remains of its host, and within an hour
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has constructed its cocoon, within whichpupation takes place (fig.4,c).

In about five days the adult Apantales issues.

Meteorus dimidiatus Cress. (PL IV, Ti) was found reasonably abun-

dant in one locality m Virginia. It attacks the Desmia larvae during

the early autumn. When full grown the larva spms an oval brownish

cocoon 4 or 5 mm. long, which it fastens down to the grape leaf with

i'l

Fig. 5.

—

Perilampus platygaster, a parasite of Meteorus dimidiatus, -which in tixm is a parasite of the grape

leaf-folder: a, Advlt female (profile view below) ; 6, pupa of same; c, pupa case of grape leaf-folder from

which adult Perilampus issued. Greatly enlarged. (Original.)

Silk threads. Numerous adults were reared during September from

cocoons collected on grape leaves. This species is itself parasitized,

Perilampus platygaster Say having been found attacking it in both
the larval and pupal stages (fig. 5; PI. IV, i).

On September 27 several eggs of a new species of eulophid, Pardian-

lomella ihseni Gir. (fig. 6) were found scattered over the web and body
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Fig C.-Pardianlomdla ibsenl, a parasite of the Rrapc Icuf-foldcr: a, A.lult male; h, of^^'s of PardianlomelU

itmni on loaf-foldor larva; c, pkK and nr-wly hatoh<-d fo<^dinK larva on si'^mcnl, of loaf-folder larva; d larva

of I'ardianlom<-lla, full grown; e, pupa of same,-;/, anU-ana of a^lult, highly magnified. All much onlarged.

(Original.)
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of a larva of the grape leaf-folder. These eggs hatched the following

day, and the active little parasites greedily attacked their host, feed-

ing externally, their mouth parts embedded in the soft tissues. In
five days they left the remains and pupated. The pupse at first were
milk white, but later turned black. These pupse overwintered in

jars, and on May 30 of the following spring the adults issued (fig. 4, d).

Habrohracon johannseni Vier. (PI. IV, a-f), a new species of

braconid, was found widely distributed. It feeds externally upon
the Desmia larvse.

The fly parasites of the grape leaf-folder were taken only in small

numbers. The most abundant of the three species was the tach-

inid ExoHsta pyste Walker (PI. IV, g) .

METHODS OF CONTROL.

Vineyards regularly sprayed with arsenicals for the control of the

grape rootworm, grape-berry moth, etc., will be practically free

from injury by the grape leaf-folder. The insect is especially likely

to cause injury in small vineyards not regularly sprayed and to

grapes grown in arbors in backyards and similar places.

Where the insect has been troublesome in previous years, the

vines should be weU sprayed with arsenate of lead at the rate of

2 pounds of the paste or 1 poimd of the powdered article to 50

gallons of water, shortly after the blossoms have fallen. One treat-

ment at this time, if thoroughly made, should destroy the caterpillars

of the first brood so effectually that injury by second-brood larvae

would be of little importance. If the caterpillars continue trouble-

some, however, additional applications should be made. Arsenicals

are usually applied to grapes in fungicides, as in Bordeaux mix-

ture for the control of fungous diseases. Information on the general

subject of spraying grapes is contained in Farmers' Bulletin 284,

United States Department of Agriculture. For small spraying oper-

ations, as in back yards, a Yerj simple spraying outfit may be em-
ployed, such as a bucket pump or knapsack pump.

Where it is impracticable to spray the vines, it will be decidedly

advantageous to go thoroughly over the plants when the folded

leaves are in evidence and crush the larvae by hand. As an addi-

tional method of reducing injury it is advisable to rake together

and burn fallen fohage in the fall, since the insect passes the winter

in the pupal condition in these leaves.
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INTRODUCTION.

Since 1912 the process of cooling hot bottled milk by means of

forced-air draft has been studied in the Dairy Division of the Bureau

of Animal Industry. The first experiments, which were conducted

on a laboratory scale, indicated that forced-air circulation might be

successfully used for coohng hot pasteurized milk in bottles. The
results of that investigation ^ indicate the probable means by which

the method could be used on a commercial scale. It was realized

that laboratory and commercial conditions are essentially different,

and in consequence cooling experiments on a 30-crate basis were

started in 1913. In this pa])er wo shall give the results of this work.

As additional information, some data o.n the reverse process—the

heating of cold bottled milk by means of circulated hot air—will also

}>e given,

' Ayers, 8. ITenry, and Johnson, W. T., jr., Pasleurizing Milk in Bottles and BottliriR Hot Milk I'as-

tcurizerl In Hulk. Bulletin 210, U. 8. Department of Agriculture, Also in Jour, of Infec. Dis., vol. 14j

.N'o. 2, March, lOH, pp. 217-211.

.5.5377°—Bull. 42'>—16 1
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DESCRIPTION OF EXPERIMENTAL APPARATUS.

In order to conduct cooling experiments with forced-air circulation

on a small scale, an insulated box 10 feet 6 inches high, 5 feet wide,

and 4 feet SJ inches deep was constructed. The box was insulated

by a 4-inch wall of sawdust, and inside it was built a platform 2 feet

2 inches from the floor, composed of movable sections each the size

of the bottom of a milk-bottle crate. The plan of this box, together

with the blower set and arrangement of piping, is shown in figure 1.

The blower set consisted of a steel-blade fan of a capacity of 2,000

cubic feet a minute at normal speed, and was operated by a 125-volt

direct-current, shunt-wound, open-type, variable-speed motor of 1^

Fig. 1.—General arrangement of cooling apparatus.

horsepower. The blower was connected to the box by pipes of gal-

vanized iron of 14-inch diameter, which were so arranged that air

could be forced in at the bottom of the box and out at the top, or the

reverse; that is, in at the top and out at the bottom. This was made
possible by two inlet and outlet pipes connected with the box and
controlled by a system of dampers.

Most of our experiments were conducted during the winter months

;

consequently the outside air was sufficiently cold for the coohng
process. As may be seen in the figure, the blower drew outside air

through pipe B and forced it into the cooUng box.
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Thirty crates of bottles, stacked in six piles each five crates high

inside the box, were cooled at one time. Before the crates were

stacked on the platform the movable sections were removed, so that

the space under the crates was open and the rest of the platform

closed. By this arrangement it was possible to force all the air

directly through the crates of bottles.

When air was forced up through the crates the operation was as

follows : Air was drawn by blower A through pipe B from the outside

of the building and forced through pipe C into the bottom of the

cooling box. From that point it was forced up through the piles of

crates and passed out from the top through pipe D. In this case

damper No. 1 in pipe C was open and damper No. 3 in pipe F was
closed, while damper No. 2 in pipe E was closed and damper No. 4

in pipe D was open.

When air was to be forced down through the crates, and conse-

quently had to enter at the top of the box, it was necessary simply to

change the dampers in the pipes. To force air in at the top through

pipe E, damper No. 1 was closed and No. 3 opened; in the outlet

pipes damper No. 2 was opened and No. 4 closed. This system of

pipes and dampers would not be necessary for cooHng milk on a

commercial scale, but was necessary for experimental purposes.

DESCRIPTION OF INSTRUMENTS AND METHOD OF RECORDING DATA.

Temperatures ^ were determined with copper-constantin thermo

elements made from No. 30 wire, tested to the required degree of

accuracy for thermoelectric homogeneity. Junctions were soldered,

wound with sUk thread, and inclosed in thin glass tubes. Where
leads were exposed to steam or air blast the double-silk insulation was
protected by being incased in black-rubber tubiag. Each element

was composed of two pairs of couples in series. A calibration curve

for each element was constructed from the potential given when the

cold junction was immersed in a thermos bottle containing crushed

ice, and the hot junction was immersed (1) in melting ice, (2) in a

fusion of recrystallized sodium sulphate (Richard's point), and (3) in

steam at known barometric pressure. In each case the temperature

was also taken with a thermometer cahbrated by the Bureau of

Standards. From the calibrations so obtained deviation curves were

constructed and used with Adams's^ table.

PotontiaLs were measured with a Leeds and Northrup potentiometer

and galvanometer. The potentiometer was cahbrated by the Bureau

» We are greatly indebtefl to Dr. W. M. Clark, of the Dairy Division, for preparing, describing, and oper-

ating a system for temperature moasuroments l)y moans of thermocouples.

*Adamfl, L. H. Journal of American Chemical Society, 30, p. 05, 1914.
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of Standards. A Weston cell certified by that bureau furnislied the

known potential. A switch, essentially the same as that described

by White/ was used to correct for parasitic electromotive forces.

In the set-up the hot junction of each element was placed where

desired and the cold one packed in crushed ice within a thermos

bottle. The terminals were led to mercury pools in a block of par-

affined wood- protected from air currents. Connection with the

potentiometer was made through copper leads whose bared and amal-

gamated ends could be dipped in the successive pairs' of mercury

pools. In this way any element could be quickly and easily brought

into circuit.

Differences of one microvolt could be detected by the system. This

corresponds to approximately 0.018° F. (0.01° C). The experimental

errors incident to rapid readings resulted in an accuracy of about

0.09° F. (0.05° C).

In determining the difference in temperature between the top and
bottom of a bottle a differential thermo element was used ; this con-

sisted of two pairs of copper-constantin couples in a thin glass tube.

The hot and cold junctions were placed so that one would be about

one-half inch above the bottom and the other just beneath the

surface of the liquid when cool. This differential couple was not

cahbrated, and its design was not all that could be desired, but it

doubtless was sufficiently accurate to furnish a fairly good measure

of the differences in temperature between the top and bottom layers.

In this connection it may be noted that the thermometers used in this

work are numbered from 1 to 10, which numbers are used to identify

them with the curves in the drawings showing the results of the various

experiments.

Air measurements were taken with a Taylor-Pitot tube placed in

the center of the straight part of the discharge pipe from the box,

about 4 feet from the nearest bend. The tube was arranged to give

both the impact and static pressure, their difference, or the velocity

head, being indicated on a graduated water column. Only one tube,

situated in the center of the pipe, was used. The average velocity

head across the entire section of the pipe was determined by multi-

plying this center reading by the factor 0.91.

The velocities obtained with the Pitot tube were checked with an
anemometer which had been calibrated by the Bureau of Standards.

The anemometer was moved across the end of the outlet pipe in such

a way as to give what was considered an average reading. As the

temperature of the air in the outlet pipe from the box was, of course,

higher than that of the incoming air, the volumes were corrected in

the ratio of their absolute temperatures to give the inlet volume.

1 White, Walter P. Journal of American Chemical Society, 36, p. 1856, 1914.
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The corrected anemometer readings were in every case higher by
approximately 10 per cent than those obtained with the Pitot tube.

The wet-bulb and the dry-bulb temperatures were taken by a sling

psychrometer. The barometer was read during each test, and the

weight of air per cubic foot determined from the barometer and the

wet-bulb and the dry-bulb readings.

Readings of air velocities were also taken with an anemometer over

the tops of the crates. These readings, taken at different places over

the stacks, were practically the same and averaged 182 feet a minute

over the quart crates and 156 over the pints. It is very important

that a practically uniform velocity of air be maintained throughout

the stack in order to cool all bottles at the same rate. Thirty crates,

stacked 5 high, were used in aU experiments, 15 for quart bottles and

15 for pints. Reading of volts, amperes, and speed of motor were

also taken during each experiment.

RELATIVE RATE OF COOLING OF MILK AND WATER.

As the average specific heat of whole milk is less than that of water,

it may be expected to cool faster under the same conditions. This,

however, is not the case when the cooling is done in bulk, such as when
in bottles or cans, as is plainly shown in figure 2. These curves are

plotted from temperature readmgs taken in a quart bottle of milk

and a quart bottle of water, subjected to the same conditions of air

velocity, air temperature, location of thermometers in bottles, etc. .

It will be seen that the curve representing the rate of cooling the

mUk is of a uniformly higher temperature than the similar curve for

water.

On account of the small variation in the relative rate of the cooling

of milk and water it was considered advisable to use water in these

experiments, as it was more easily obtained and handled. Bottles

of milk, however, were distributed throughout the crates, in selected

places, and hi these bottles, as well as m those containing water, simi-

larly placed, the temperature readings were taken.

RELATIVE RATE OF COOLING WITH STILL AIR AND FORCED AIR.

In order to obtain data to compare the rate of cooling bottles and

cans containing milk when exposed to still air and to moving air, pmt
and quart bottles, and 10-gallon cans of milk were placed in a refrig-

erated room, the constant temperature of which was held at approxi-

mately 40*^ F. (4.4° C). The initial temperature of the milk was
about the same in all instances. The results are seen in figures 3, 4,

and 5. Figures 3 and 4 show the relative drop in temperature between

pints and quarts, respectively, when exposed to still air and to mov-
ing air, and figure 5 shows similar results for the 10-gallon cans.
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The bottles placed in still air were cooled by natTiral circulation

brought about by the difference in temperature between the compara-

tively warm air in contact with the outer surface of the bottles and

that at a distance. As the air in contact with a hot surface, such as

that of the bottles containing milk, becomes heated, it rises and its

place is taken by cold air; hence, the rate of circulation of the air

depends upon the difference in weight of the respective columns of

warm and cold air. As this difference in weight is very shght, the

circulation is naturally slow, and hence a slow rate of cooling follows.
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Fig. 2.—Cooling of milk and water by forced air.—Difference in the rate of eooluig of nulk and water when

exposed to an air blast. Quart bottles.

In the case of forced circulation of air, however, the fihn or sleeve

of hot air surrounding the vessel is broken up, and a large volume of

cold air is brought into direct contact with the outer surface of the

container; the cooUng therefore goes on very much faster. The

forced circulation of the air in these experiments was made by a 16-

inch electric fan, which produced over the bottles an air velocity of

approximately 1,250 feet a minute, measured by an anemometer

which had just been calibrated by the Bureau of Standards.

It will be noted by reference to figure 3 that it required 4^ hours

to reduce the temperature of the milk in the pint bottles when placed

in still an from 142° to 50° F. (61.1° to 10° C.) with a practically con-

stant temperature of 40° F. (4.4° C.) inside the room. When the air
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was circulated, however, this drop in temperature was obtained in

1 hour and 27 minutes, or in approximately one-third the time

required for an equal drop in temperature when the bottles were

exposed to still air.

Referring to the two similar curves in figure 4, showing the results

obtamed %^dth quart bottles of milk under the same conditions, it will

be noted that the relative rate of cooling between the bottles exposed

to still air and moving air is the same as that for pint bottles, except
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P^G. 3.—<'-'ooling in still air compared with forced air.—Relative drop in temperature between pint bottles

of milk cooled in still and moving air. Velocity of moving air 1,250 feet per minute.

that the quart bottles are miiformly higher in temperature than the

pints for the same period of cooling.

The curves in figure 5 show the relative drop in temperature of

the milk contained in 10-gaUon cans when placed in still air and in

moving air. The? air blast in this case was also furnished by a 16-mch

electric fan which gave an air velocity of 1,250 feet a minute. The

conditions were practically the same as those for the pints and quarts,

except that the temp(!rature inside the room averaged 42° F.

(5.5° C), or 2 degrees higher. The temperature of the milk con-

tained in the lO-gallon can, placed in still air, was reduced to only
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90° F. (32.2° C.) in 6^ hours. A corresponding drop in temperature,

however, was obtained with moving air in 2 hours and 15 minutes.

The relative rate of cooHng between the mUk contained in the two

cans was in the ratio of about 1 to 3, or, the milk contained in the

can which was subjected to an air blast required only about one-

third the time to drop in temperature from 147° to 90° F. (63.9° to

32.2° C) as did the can placed in still air.

Under the foregoing conditions the relative rate of cooling, then,

seems to be about the same m vessels of equal size and shape. The

time required, however, for cooling through a given range, other

things being equal, depends on the size of the containing vessel. In

ISO,

rte\A

\
\

*

i20
\

{

\,

ho \
^

^.
\ \

^

tu
\ \

I) 100

\^ \
ft--

\ \
fi

'?<'

ti \ \^ST LL A/R

\,
\
N

\
N^

\ ^ t.

\ --A IR BL ^s T

l. \
^-^

^ ——,

so

"- •

• —
"*~

—

-*- — -»

1

a 2 } <i

rvME - HOURS.
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fact, it is believed that in commercial practice quart bottles are about

the limiting size of containers that should be used. Our experiments

with forced-air cooling, therefore, deal only with pint and quart bot-

tles of hot milk or water.

In the foregoing experiments with moving air the air was forced

in a horizontal direction over the containers. The dhection of the

air flow, when cooling milk by forced circulation, affects materially

the rate of cooling and also the variation in temperatures of bottles

at different points in the stack. This feature will be discussed later.

The foregoing experiments serve principally to show that the time

required to cool milk to any great extent by natural circulation is
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too slow for satisfactory operation on a commercial scale, and that

with forced-air chculation it is necessary to have small containers,

such as quart or pint bottles. In these experiments only a few bot-

tles were cooled by natural circulation; if a large number had been

stacked in piles the cooUng process would have been even slower.

RESULTS OF COOLING BY MEANS OF FORCED AIR.

BY FORCING THE AIR FROM BOTTOM UPWARD.

The experiments previously described were of a preliminary nature,

and we shall now take up the cooling experiments performed on a

30-crate basis.

The cooling effect of cold air when forced through stacks of crates

from the bottom is shown by the curves in figures 6 to 9, inclusive.

t-

~ " -r !

~
'

\
N
K

"^ ^
S|

k L

^l
>-^L^

^
s^ k^ ^ ^' /j.i «

\ ^ V,

N ~~ -~

N
t

~ ^
k: s —

(

L

f k ^
N H -_

§'" \ ^ f 3i.A \^7

^.
" ^

?

\^
k <-. ^ ^^

~~" »-^
?

°— — »_ _

JC _ _ _j _ u
r/MS— Houfrs.

Fig. 5.- Cooling in still air compared with forced air.—Relative rate of cooling of 10-gallon cans of milk

when placed in still and in moving air. Velocity of moving air 1,250 feet per minue.

The results, shown graphically by the curves, have been selected on

account of some special feature, the discussion of which foUows

immediately after each set of curves.

All the experiments madewith air entering at the bottom and flowing

upward and around the bottles show a wide difference in temperature

between pint and quart bottles occupymg upper and lower positions

in the stack, this temperature varying with the height of the par-

ticular bottle from the bottom of the stack. The lower bottles, over

which the cold air first passed, of course cooled faster than- the upper

ones, and the rate of cooling decreased rapidly as the distance from

th(; cohJ-air inh^t increased. The temperatures were very accurately

determirn;d by means of thermocouples, which have already been

55377°—Bull. 420—16 2
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described. Several experiments were carried out, using air at different

temperatures for cooling purposes.

In figure 6 are shown the results of cooling by air at an average

temperature of 67.9° F. (19.9° C). A complete set of curves is

incorporated, principally to show the rate of cooling with air at this

high initial temperature. Curves 3 and 4 show the relative rate of

cooling between quart bottles of milk and water, respectively, when
placed side by side at the bottom of the stack. These curves agree

very closely with those in figure 2. Curves 5 and 6 show, respectively,

the rate of cooling between pints and quarts placed at the top, or

fifth, tier of crates. Curves 3 and 6 are plotted from temperature

readings taken in the lower quart of milk and the upper quart of

water, respectively. The average difference in temperature between

these bottles was 9.8° F. (5.4° C), while the maximum difference was

about 19° F. (10.5° C). Curves 5 and 6 are practically parallel

throughout the range, the curve showing the drop in temperature of

the pint remaining throughout about 5 degrees lower than that of

the quart. The average difference in temperature between curves 4

and 6, which are plotted from temperature readings taken in the

lower and upper quarts of water, respectively, is 10.5° F. (5.8° C),

while the greatest is 20° F. (11.1° C).

The temperatures indicated by the curves in figure 7 were deter-

mined in a pint and a quart bottle at the top of the stack and also one

of each kind at the bottom. The temperature of the lower quart and
pint, as shown by curves 3 and 4, respectively, drops below that of

the outgoing air. It should be remembered, however, that the tem-

perature of the outgoing air was taken at the point where it left the

box; hence, the temperature of the air passing over the bottles was
lower than that indicated by the curves. Toward the end of the run

the temperature of the lower pint was reduced below that of the

incoming air. This was caused by the temperature of the outside air

rising so rapidly that that of the lower pint,^wliich had been cooled,

had not had sufficient time to adjust itself to the rising temperature

of the outside air. The average difference between the lower pint

and the upper quart, curves 4 and 5, was about 25° F. (13.9° C),

while the maximum difference in temperature was about 43° F.

(23.9° C). This difference becomes more marked when the tempera-

ture of the outside air is lower, consequently, when blowing air up
through the crates there is great danger of the top crates not being

cooled properly, while on the other hand the milk in the lower crates

may be frozen, provided the initial temperature of the incoming air

is below the freezmg point. By comparing temperature curves 3 and

6, lower quart and upper pint, respectively, it will be noted that the

temperatures in the two bottles were much nearer each other. The
maximum difference was about 12° F. (6.7° C), but the average was
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only about 5° F. (2.8° C). Therefore, if the crates contaming pint

bottles were stacked on top of those containing the quarts, the tem-

perature thi'oughout the stack could be equalized to a certain extent.

This would reqmi'e, however, extra care and trouble in stacking.

The curves in figure 8 are plotted from temperatures taken in quart

bottles in the first, third, fourth, and fifth tiers of crates, the bottles

selected having been immediately above one another and in line.

On account of not havmg a thermocouple available, the temperature

in the second tier was not taken. Curves 3, 4, 5, and 6 show the

difference m temperature of bottles in respect to one another when
placed one above the other. It will be noted that the difference in

temperature of adjacent bottles decreases rapidly as the distance from

the bottom increases and also that there is a wide difference in the

temperature of the top and bottom quarts.

The curves 3, 4, 5, and 6, in figure 9, showing the drop in tempera-

ture of pmts and quarts, are nearer one another than those in figures

6" 7, and 8. This is owing to the initial temperature of the pint bot-

tles being about 13° F. (7.2° C.) lower than that of the quarts. It is

of course impracticable to adjust the initial temperatures of different-

sized bottles so that the cooling will be more nearly uniform through-

out the stack, and these curves are simply included as a matter of

general information.

When the cold air is forced in at the bottom of the stack and up
through the crates, the variation in temperature in different-sized

bottles and the same-sized bottles at different positions in the stack

is too great for satisfactory operation, and we do not believe this

method would be commercially practicable. Consequently in our

next experiments the direction of the air through the stack was
reversed periodically, the cold air being blown through from the

bottom for 15 minutes and then through from the top for the same
period.

BY FORCING THE AIR ALTERNATELY FROM BOTTOM AND TOP.

The series of curves shown in figure 10 shows the effect of reversing

the direction of air through the stacks. The air was forced through

the stack from the bottom for 15 minutes, then reversed and forced

through from the top for the same length of time. This arrange-

ment was tried with the view of bringing the temperature of the top

and bottom bottles nearer together. It may be noticed that the

numbers on the curves in figure 10 do not correspond to those

in the previous figures. As before stated, these numbers refer to

the thermometers used in the work, and in the present case ther-

mometers 1 and 2 recorded the temperature of the incoming air

—

one for the upward fiow, the other for the downward fiow. Nos.

8 and 9 recorded the outgoing air in a similar way.
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While the difference in temperature between the top and bottom

bottles was decreased to a certain extent by reversing the air, still

there was too great a difference for satisfactory operation commer-

cially, as there is a possibility that some of the bottles are not properly

cooled. Furthermore, the arrangement of piping, in order to provide
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Fig. 10.—<3oolnig by forcing air alternately from bottom and top.—Difference in temperature of bottles at

different positions in stack. Air reversed in direction every 15 minutes.

for the reversal of the direction of the air through the crates, was

more or less complicated and would involve an increased cost in the

installation of the dampers so as to change the direction of the air

for cooling on a commercial scale.
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BY FORCING THE AIR FROM THE TOP DOWNWARD.

As it is natural to expect, tlie results -^obtained by admitting the

air at the top of the box, forcing it downward through the stacks of

crates, and out near the bottom of the box, show that it is by far

the best method. With this arrangement the liquid in the upper

part of the bottles is cooled first, and of course, owing to its greater

density, settles to the bottom of the bottles, allowing the warmer and

therefore lighter liquid to rise to the top and take its place. The
convection currents are thus taken advantage of, with the result

that the extreme difference in temperature between the lower quarts

and the upper pints is only a few degrees. Iii view of this fact

the possibility of some of the bottles being insufficiently cooled,

while others in extreme cases may be frozen, is remote when this

arrangement is used. Furthermore, the rate of cooling was found

to be considerably increased by this method as compared with the

other two methods. In addition to giving a more nearly uniform

temperature throughout the stack, the variation in the temperature

of different parts of the same bottle was more nearly the same when
the air was forced downward than when blown upward.

From the temperature curves in figure 11 it will be noted that

the incoming air is at an average temperature of 40° F. (4.4° C)^ and
that with an air velocity of 2,512 feet a minute the time required

to reduce the temperature of the lower quart to 50° F. (10° C.) was
2 hours and 10 minutes. The average difference in temperature

between the lower quart and the upper pint was only 8.9° F, (4,9° C).

In this experiment, as in others, there was some variation in the initial

temperature of the liquid before cooling was commenced. In this

case the variation amounted to 8° to 10° F. (4.4° to 5.6° C).

The curves in figure 12 show more plainly the results of cooling

by blowing air downward through the stack than those in figure 11,

for in the former case the initial temperature of all bottles is prac-

tically the same. The average difference in temperature between
the lower quart and upper pint (cui:ves 3 and 4, respectively, figure

12), representing extreme conditions both as to size and location

of bottles, was only 2.49° F. (1.4° C), while the maximum difference

in temperature between these bottles was only 4.5° F. (2.5° C).
There was a difference of only 2° F. (1.1° C.) between the average

and the maximum, showing that the cooling throughout the stack

was practically uniform and that with this method all danger that

some of the bottles arc not thoroughly cooled is eliminated. If the

temperature is taken in any one bottle it is safe to assume that the

temperatures of the others are within a few degrees of the one taken

when the crates are arranged as in the experiment. The average

temperature of the incoming air was about 30° F. (—1.1° C), and

SSa??**—Bull. 420—16 3
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the contents of the bottles were cooled to about 50° F. (10° C.) in

from 1 hour and 25 minutes to 1 hour and 35 minutes.

The results obtained with iulet air at approximately 20° F.

(— 6.7° C.) are shown hj the curves in figure 13. In this experiment

the bottles were cooled to 50° F. (10° C.) in approximately 1 hour
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and 20 minutes. Generally speaking, with lower temperatures of the

inlet air the rate of cooling increases rapidly.

A study of the curves which indicate the relative drop in tempera-

ture of bottles under different conditions and locations when air is

blown through the stack from the bottom and from the top will show

the advantages of the latter over the former.
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TEMPERATURE VARUTIONS IN QUART BOTTLES OF MILK AND WATER
UNDER VARYING CONDITIONS.

A differential thermocouple was placed in a quart bottle of milk,

another in one of water, and the difference in temperature at the top

and bottom of the bottles noted under varying air conditions and

directions of flow. One of the junctions of the differential couple

was placed about one-half inch above the bottom while the other was
placed in the top just beneath the surface of the liquid when the latter

was cooled, both being in the center line of the bottle.

The curve in figure 14 shows graphically the difference in tempera-

ture between the top and bottom of a quart bottle of milk when
cooled by an air blast from the bottom of the stack. The average

temperature of the cold-air supply was 39.4° F. (4.1° C), and the
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Fig. J 2. Cooling by forcing air from top downward.—Difference in temperature of Ijottles at different

positions in stack.

velocity at which the air was blown up through the stack was 1,625

feet a minute. When the fan was started there was a difference of

about 8° F. (4.4° C.) in temperature between the top and bottom of the

bottle; 22 minutes later the difference had increased to about 23° F.

(12.8° C). Upon standing for a few minutes the bottom layers of

milk will naturally be the colder, and with the same source of cold

applied to the bottom of the bottle the difference in temperature will

of course b<i increased, owing to llio absence of convection currents

in the milk itseif. Tlx* rapidity with which the cooling go(is on tends
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to vary the difference in temperature between the top and bottom

layers ; the faster the coolmg the greater the difference, and vice versa.

In addition to the wide variation in temperature between the top

and bottom layers of milk when cooled by cold-air blast from the

bottom of the stack, the whole time required to cool a given quantity

is greater than if cooled by admitting the cold air at the top. This

point is more fully discussed elsewhere, the principal cause being that

when a hquid is cooled in volume the cooling is carried on principally
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Fig. 13.—Cooling by forcing air from top downward.—Relative drop in temperature of bottles of milk at

different positions in stack.

by the convection current set up in the liquid itself and to a lesser

extent by conduction.

The results obtained by reversing the direction of the air through

the stack are now given. The curve in figure 15 shows the results

obtauied by blowing cold air downward through the stack of crates.

The supply of cold air was at an average initial temperature of

39.6° F. (4.2° C), and the air velocity was 2,512 feet a minute. The

air conditions in the two experiments were practically the same;,
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except tliat the velocity of air in the latter case was consideiably

greater than in the former.

This experiment was repeated several times mider different condi-

tions, but the same general form of curve was obtained each time.

Just after the fan supplying the cold air was started the difference in

temperature between the top and bottom layers of milk was increased

by a degree or two, after which it gradually fell. This slight increase
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Tig. 1-!. -Variation in top and. bottom of same bottle.—Diflerence in temperature between top ^xid bottom

of quart bottle of milk when cooled by air blown upward through stack.

just after starting was probably caused by a quick cooling of the

bottom layer which remained at the bottom on account of its greater

density, while the top layer gradually fell, its place being taken by a

warm layer. These results show the advantage of cooling by blowing

air downward through the crates.

The curves in figure 16 show the results obtained when either milk

or water was cooled by cold air blown downward through the stack,

the average tenfperature of the incoming air being 19.8° F. (—7.7° C.)

and the velocity of air 1,707 feet a minute. It will be seen in the

figure that curves 2 and 8 show the variation in temperature of the
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]JiG. 15.—Variation in top and bottom of same bottle.—Diflerence in temperature between top and bottom
of quart bottle of milk when cooled by air blown downward through stack.

incoming and outgoing air, while curves 5 and 6 show the drop in

temperature of a quart bottle of milk and one of water, respectively.

Curve 7 shows the difference in temperature between the top and
bottom layers of milk, and curve 10 shows similar temperature differ-

ences taken in a quart of water. The solid line marked " '
' is intended

to represent the point where there is no difference in temperature

between the top and bottom layers and is drawn on the temperature

scale at 39.1° F. (3.9° C), representing the maximum density of

water. Readings below the zero lino as a matter of convenience are

considered as minus, and tliosc al)ove as plus. Curve 10, represent-

ing the action of water, is not so difficult of interpretation, but on the
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other hand the action of the milk as represented by curve 7 is very

difficult, owing to complications produced by the physical properties

of milk under changing temperature conditions.

In curve 10 it will be noted that there was an increase in the differ-

ence in temperature between the top and bottom layers of the water

just after the fan was started. This may be explained by the fact

that there was an air space between the top of the liquid and the

paper-cap covering which acted as a heat insulator, protecting the

1

MO \
cL//^eNo.z TeMP£'RArt//^eaPiNcoMiNa.AiH. 1

\ /^/ AO.«$" « ^TATfCK.

IZO V It NO.T .. DIFFEK£Nr/At.MlLK

^
* NO./O •' » WATEt

ao
^
^.

YSLoo/TY ofAiK, /707/n:peK MiNOre.

\^ 1

no
\
^ , 1

\^

too
\ \
\\ 1

^0
^\ 1

\\ 1

60 \^^s
A

V

N^ r^
N ^

s\

Na \ \
Vl A,0 <«>. \ \ \

s

X -\
Nj

"

o X"
'"•~- / 7

- j^^HV
p ov^o ^ _A-—

*

^^^ =^ X\ ^^
""

-cr^^ ^ 10
r^ i^

::>,
M
M—

'

"" I

—

-^^ «

©^^ V t^

'1 "'" ^ ^^
- - \

X.._. ._. __. -_. "' " ' ~~ ^
TO -in

a
/:
2 -0

**'-20
t

=0:^ ^^^

lO
£

i / d 2 J 4d ia € •7d S* f» A70

Fig. 16.—Relative drop in temperature of quart bottles of mUk and water and incoming and outgoing air;

also difference in temperature between top and bottom of quarts of mUk and water. Air blown down-
ward through stack.

top layer of the water from the direct effect of the cold air, while the

bottom layer, which was in direct contact with the bottom of the

bottle, was chilled quickly, increasing the difference in the tempera-

ture between the top and bottom layers. The upper terminal of the

differential couple was placed in the center of the neck of the bottle;

hence with the air space in the bottle neck the top layer of the water

was cooled to a great extent by conduction from the sides. There
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was but little difference between the top and bottom layers of water

untn tbe temperature dropped to near the point of maximum density

of water. At 39.1° F. (3.9° C.) there was no difference between the

bottom and top layers of water; below this temperature the bottom
became the warmer, and the convection currents in the liquid were

reversed.

The same general action took place in the quart bottle of milk; the

readings, however, were reversed at 60° F. (15.6° C), as indicated by
the vertical dotted line from the point where curve 7 crosses the line

of maximum density of water to the intersection of curve 5. Before

this point was reached the top layers of milk were the hotter; after-

wards the bottom ones showed the higher temperature. The maxi-

mum density of milk occurs just above the freezing point, which is

about 31° F. (— 0.6° C); hence it might be expected that the top

would remain the warmer above that temperature and that there

would be no reversal in the readings of the thermocouples. This was
not the case, however, in these experiments. There are several fac-

tors which may have influenced and probably did affect the cooling,

among them being:

1. The placing of the upper couple above the cream line.

2. The rising of the cream to the top of the bottle.

3. Variation in the specific heat at different temperatures.

4. Increase in viscosity with decrease in temperature.

5. Increase in cohesion with lowering temperature.

6. The rapidity at which cooling took place.

7. Convection currents in milk only and not in the cream.

8. Separation of the constituents in the milk.

9. Relative areas of parts of bottle exposed to the cold air.

10. Relative positions of couples from top and bottom of bottles.

COST OF COOLING BY MEANS OF COLD OUTSIDE AIR.

To determine the cost of coohng by using cold outside air, the read-

ings which appear below are given. These data were obtained.from

an experiment in which air at about 40° F. (4.4° C.) was blown down
through the crates of bottles. The temperatm"e curves are shown in

figure 12.

Dry-bulb temperature 45° F. (7.2° C).

Wet-bulb temperature , . . 44. 6° F. (6.99° C).

Difference 4° F. (0. 23° C).

Barometer 29. 85.

Weight of air per cubic foot 0.07837 pound.

Velocity head 0.40 of an inch of water.

Average temperature of outgoing air 58.1° F. (14.5° C).

Average temperature of incoming air 39.6° F. (4.2° C).

Cross-sectional area of pipe 1.07 square feot.

Average speed of fan 1,020 R. P. M.

Average volts 98.

Average ampere 20.

Total time of operation 148.5 minutes.
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The velocity of air calculated from the Pitot-tube readings is

997^
' = 2,253 feet a minute, and the volume of air discharged

each minute is 2,253x1.07 = 2,410 cubic feet. The readings, how-
ever, were taken in the discharge pipe after the air had been heated '

by passing over the hot bottles; hence the volume of cold air supphed

'

should be corrected in the ratio of the absolute temperatures of the

2 410 X499
air at the inlet and outlet of the box, or ——=—= =2,326 cubic feet

617
of cold air supphed each minute.

The time of operating was 148.5 minutes to cool to approximately
45° F. Therefore the total amount of air supphed for coohng was
148.5X2,326 = 345,411 cubic feet at an average temperature of 39.6'^

F. (4.2° C), or a total weight of 345,411 X 0.07838 = 27,069 pounds.

The heat required to raise the temperature of this amount of

air and perform the work of expanding the air, which was fur-

nished by the hquid, bottles, and crates inside the box, is

27,069x0.169(58.1-39.6+^Xl8(357,785-345,411)=84,919B. T.

U. in other words, 34,919 B. T. U. is the amount of heat absorbed

from the materials inside the box, and it is obvious that the heat

given up by these materials should theoretically equal or balance th&

amount absorbed by the air.

Following are data and calculations of the amount of heat given

up by the hquid, glassware, and crates

:

Weight of water tised in experiments 677 pounds.

Initial temperature of water J 137.4° F. (58.55° C).

Final temperatine of water 45.7° F. (7.61° C).

Difference 91.7 F. (50.94° C).

Weight of glass 572 pounds.

Initial temperature of glass 137.4° F. (58.55° C).

Final temperature of glass 45.7° F. (7.61° C).

Difference 91.7° F. (50.94° C).

Weight of wood in crates 189 pounds.

Initial temperature of wood 79.0° F. (26.11° C).

Final temperature of wood 43.3° F. (6.28° C).

Difference 35.7° F. (19.83° C).

Weight of iron in crates 198 pounds.

Initial temperature of ii'on 79.0° F. (26.11° C).

Final temperature of iron 43.3° F. (6.28° C).

Difference 35.7° F. (19.83° C).

Average temperatm-e of air in room 70.0° F. (21.1° C).

Average temperature of outgoing au- 58.0° F. (14.4° C).

B. T. U.i extracted from water, 677 (137.4-45.7) =62, 080'

B. T. U. extracted from glass, 572X0.1877 (137.4-45.7) = 9, 848

1 Fabrenheit degrees were used in the calculations; hence results are in B. T. U.
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B. T. U. extracted from wood, 198X0.5 (79.0-43.3) = 2,534

B. T. U. extracted from iron, 198X0.113 (79.0-43.3) = 799

75, 261

B. T. U. through walls of box, 296X4(70-58)2.47 _ -1,462

73, 799

The foregoing figures indicate that 12 per cent more heat was taken

out than the material gave up, which, of course, is impossible; hence

it is believed that the Pitot-tube readings were wrong, as the weight

and temperature of the material were carefuUy determined and are

beheved to be correct. On the other hand, if the anemometer read-

ings of air velocities are taken and calculations made with them as

a basis, the two sets of calculations balance withia 2 per cent. In

other words, 98 per cent of the heat given up in cooling the liquid,

glassware, and crates is accounted for in the heat balance, showing

that aU our observations were practically correct. With this, then,

73 799
as a basis, the total amount of refrigeration performed was ^^^q naa^Z003VOO

0.26 ton, or at the rate of 0.106 ton an hour. The horsepower input

98 X 20
to the motor = -.^ =2.6. The efficiency of the motor, how-

ever, was not determined, but in view of the fact that it was designed

for a voltage of 120 and was operated at a voltage of only 98, its

efficiency was necessarily low. Under the operating conditions, and

assuming a cost of 6 cents a kilowatt hour for electric energy, the

cost of power per ton of refrigeration was $1.11. When the air supply

is colder, the time required to cool the milk is, of course, shorter;

hence the cost of power is decreased. The over-all efficiency of a

direct-connected blower set of this size and type when operated under

normal service conditions should be about 40 per cent, but under our

conditions it was only about 22 per cent ; hence the cost of power for

cooling in these experiments is considerably greater than it should

be in a commercial plant. If the over-aU efficiency of the blower

set is assumed to be 40 per cent, then the total cost of electric energy,

under the conditions mentioned above, and at a cost of 6 cents a

kilowatt hour, would be only about 66 cents a ton of refrigeration.

As the blower set used in these experiments was operated very

inefficiently, the cost of cooling is not typical of this method. The
figures obtained do serve, however, to show that the cost of cool-

ing by means of circulating cold outside air is very small. Of course,

this can not be done throughout the year, but in a great many locafi-

tics cooling may be accomplished by circulating cold outside air

through tlu; rf^frigcrating rooms during several montlis of the year.

In summer the air would have to be cooled artificially. This, how-

ever, is being done in a large number of milk plants which cool the

air in a separate coil room and circulate it through the milk-storage



26 BULLETIN 420, U. S. DEPARTMENT OF AGEICULTTJRE.

room for the purpose of holding a low temperature in the room, the

milk being cooled by running over some form of cooler before it is

bottled and placed in the room.

It seems probable, from our results on a small experimental scale,

that with outside air at a temperature of 40° F. (4.4° C.) or below,

the process of cooling hot bottled milk can be successfully accom-

phshed by forced circulation. No artificial refrigeration of the air is

then necessary.

EFFECT OF SLOW COOLING ON THE BACTERIAL FLORA OF MILK AFTER
PASTEURIZATION.

It is beheved that any system of pasteurization in which the milk

is not cooled immediately after heating will be looked upon with

suspicion and will excite comment. It has always been supposed

that immediate cooling was an indispensable part of the process of

pasteurization (1) because sudden changes in temperature were

believed to have a destructive effect on the bacterial cells and (2)

because it has been supposed that bacteria left after pasteurization

would immediately begin to grow unless the milk were cooled at once.

It has been shown by Ayers and Johnson ^ that sudden cooling plays

no part in the destruction of bacteria. One question, therefore,

remains to be answered: How quickly must pasteurized milk be

cooled in order to check bacterial growth ?

From former studies of pasteurization it seemed apparent that the

bacteria which survived heating were somewhat weakened or, at

least, did not begin to grow, as might be expected. These observa-

tions natm-aUy gave rise to the idea that pasteurized milk might be
cooled directly in bottles by a forced-air circulation, provided the

cooling period did not extend over more than a few hours.

In order to obtain data on this question 10 experiments were made,
in which milk was first pasteurized and bottled hot in steamed bottles.

In each experiment one of two bottles was then cooled to 45° F.

(7.2° C.) within haK an hour in ice water and held at that tempera-

ture in a refrigerator for 17| hours, the other bottle being cooled

slowly at room temperature for 4 hours and.placed in a refrigerator

at 45° F. (7.2° C.) for 14 hours. At the end of that time each bottle

of milk was 18 hours old; one had been cooled slowly and had been

at 45° F. (7.2° C.) for probably a very short time, because, although

it had been in the refrigerator for 14 hours, the milk was warm when
placed there and cooling in still air is a slow process. Both bottles

after the 18-hour cooling period were allowed to stand for 6 hours at

temperatures of from 75° to 85° F. (23.9° to 29.4° C). The bacte-

rial results are seen in Table I.

1 Ayers, S. Henry, and Johnson, W. T., jr. A study of the haeteria which survive pasteurization. Bui.

161, Bureau of Animal Industry. 1913.
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Table I.

—

Bacterial groivih in milk during a quick and slow cooling to 45° F., followed
by holdingfor 6 hours at warm temperatures (bacteria in 1 c. c).

Sample No.

1 2 3 4 5 6 7 8 9 10

95,000 176, 000 176,000 97, 500 97. 5on 450,000 985,000 38, 000

Milk cooled quickly:
Directly after pasteuriza-
tion 600

1,000
1,870

'2,050

5, 750

1,320

1,180

5,800

1,570
12,370

8,400

1,220

5,520

6,100

5,900 5,900 22,900
16,600

890
1,700

4,800
2,500

8,300
8,900

2 9, 600

7,500

9, 800

2 8,900

5,500
After IS hours held at 45° F. 5,200
Sample then placed for 6
hours at S6° F 6,600

5,900

5,900

5,900

2 5, 200
Milk cooled slowly:

Directly after pasteuriza-
tion." 860

500

21, 800

12, 300

890

2,200

5,400

715

0,500
Cooled slowly at room
temperature for 4 hours
and placed for 14 hours
in refrigerator at 45° F .

.

5,200
Then placed for 6 hours at
86° F 3,700 3,700 2 5, 300

I Held at 45° F. for 21 hours, in place of 18 hours. 2 Held at 75° F., instead of 86° F.

As may be seen iii Table I, bacterial counts were made on each

bottle of raw milk directly after pasteurization, at the end of the

IS-hour cooling period, and agam after the milk had been at room
temperature for six hours. The results obtained showed that there

was no more mcrease in the pasteurized milk cooled slowly than in

similar milk cooled within half an hour and held at low temperatures

for 18 hours. Neither was there any difference in the bacterial num-
bers, even after milk cooled by both processes had been removed,

after 18 hours' cooling, and allowed to stand for 6 hours.

The various counts from the 10 samples are averaged in Table II,

in order to show more plainly the effect of the two systems of cooling

on the bacterial numbers in milk.

Table II.

—

Summary of resultsfrom Table I.

Milk and stage of cooling process.
Average
bacteria
per c.c.

Cooled quickly:
Directly after pasteurization
After 18 hours in refrigerator ,

Taken from refrigerator and held 6 hours at temperatures from 75° to 86° F
Cooled slowly:

Directly after pasteurization
Coole^l slowly at room temperature for 4 hours and held in refrigerator for 14 hours at 45° F
Taken from refrigerator and held for 6 hours at temperatiu:es from 75° to 86° F

Raw milk

5, 823
5,040
0,908

5,729
4,678
.5, .583

264,375

It wUl be seen in this table that the average bacterial counts of

milk cooled slowly, made at difTorent times, are even lower than those

of milk cooled quickly. WJiile this differern'o is p()ssi])ly an experi-

mental error, it is evident that bacterial growth in the pasteurized

milk was not increased by tlie slow-cooling jji-ocess.
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We do not wish to convey the idea that pasteurized mUk need not

be cooled at all. The cooling of any mUk is absolutely essential in

order to restrain bacterial growth, and we wish to emphasize the fact

that the process of cooling pasteurized milk slowly does not eliminate

the cooling process, but simply makes use of a slower cooling process

than is in use at present.

In order to show, respectively, the effect of cooling quickly, cooling

slowly, and not c.oohng to low temperatures at all, three experiments

were made. Milk was pasteurized in bulk, and three steamed and hot

quart bottles were filled with hot milk. One bottle was cooled in ice

water in half an hour to 50° F. (10° C.) and refrigerated at 45° F.

(7.2° O." Another bottle was cooled in a blast of air at room tem-

perature for half hour, during which time the temperature dropped

from 145° F. (62.8° C.) to about 100° F. (37.8° C). The milk was
then allowed to stand at a temperature of from 100° to 80° F. (37.8°

to 26.7° C.) for five hours, after which it was placed in a refrigerator

at 45° F. (7.2° C), where it cooled slowly in still air. The other bottle

was cooled for half an hour in an air blast at room temperature and
allowed to remain at a temperature of about 75° F. (23.9° C.)

throughout the experiment. The results of these experiments, in

which bacterial counts were made at different stages of the coohng

process, are given in Table III,

Table III.

—

Effect of different methods of cooling on the bacterial content of pasteurized
milk (bacteria in 1 c. c. of milk.)

Sample No.

1 2 3

9, 050, 000 11,900,000

Cooled quickly:
6,450
5,050
4,800

1,370,000

7,150
6,100
6,200
9,600

2,760,000

4,950
6,850

700,000
2, 750, 000

460, 800, 000

2,110
1,720
2,340

885, 000

2,580
1,600
2,400
2,740

850,000

2,180
2,890

2, 420, 000
13, 400, 000

8,500
Held at 45° F. for 22 hours 28, 400
Held at 75° F. for 6 hours 76,500
Held at 75° F. for 24 hours

Cooled slowly:
Directly after pasteurization. .* 11,900
Heldat 80° tolOO° F. for 5 hours 29,000
Held at 45° F. for 17 hours 192, 000
Held at 75° F. for 6 hours 348,000
Heldat 75° F. for 24 hours ..

Allowed to cool naturally in air 75° F.:
8,500

Held at 75° F. for 5 hours 25,000
Held at 75° F. for 22 hours 83,400,000
Held at 75° F. for 28 hours 269,000,000

A study of the table shows that there was no increased bacterial

growth in experiments 1 and 2 caused by holding the pasteurized

milk for five hours after bottling hot, even though the temperature

during that period ranged from 100° to 80° F. (37.8° to 26.7° C),

which is the most favorable temperature for bacterial development.

In experiment 3 there was an increased growth compared with that
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in the milk cooled quickly. It must be remembered that these

experiments represent extreme conditions in slow cooling, but the

fact is apparent that the cooling process should not extend over

five hom's. The effect of not cooling milk to low temperatures is

plainly shown in the table by a comparison of the bacterial counts

with those of milk cooled both quickly and slowly.

The results which have been thus far presented on the bacterio-

logical effect of slow cooling were obtained from observations of bottles

held under extreme laboratory conditions. We realize that labora-

tory experiments do not always apply to commercial conditions, so

the results shown in Table IV were determined from experiments

conducted on a 30-crate basis. Two quart bottles of milk were

examined in each experiment. The crates were stacked five high,

and one bottle was placed in the lower crate and the other in the

upper one. The cooling was conducted in the usual way, 30 crates

being stacked in the cooling box, as has been described. This table

shows the bacterial content of the raw milk, the bacterial content

of the hot pasteurized milk bottle immediately after pasteurization

for 30 minutes at 145° F. (62.8° C), and also the bacterial content

after the bottles had been cooled by forced-air draft.

Table IV.

—

Effect of slow cooling on bacterial content of pasteurized milk (milk cooled

on a small commercial scale).

Bottle
No.

Bacteria per cubic centimeter.

Experiment No.

Raw milk.

After pas-
teurization

for 30
minutes at

145° F.

After cool-

ing by
forced-air
circulation.

Length
of cooling
period.

1 / 1

\ 2
/ 1

I 2

/ 1

I 2

i !

1 490,000

} 128,000

i
12,800,000

\ 140,800,000

1 7,400,000

/ 5, 400

\ 7, 100

/ 5, 000

\ 4, 400

/ 155, 000

\ 156,000

/ 525, 000

\ 555, 000
f 132, 000

\ 161, 000

3,850
2,850
3,900
4,400

18, 900
13,900

32, 000
50,500
95, 500
78,500

Minutes. 1

} 155

} 150

1 148

1 127

1 93

2 . . . .

3

4 .. . .

5

• Milk cooled to about 75° F.; in all the other experiments the milk was cooled to below 50° F.

In experiment 1 the milk was cooled during a period of 155 minutes

to about 75° F, (23.9° C.) only, as the outside air was warm, but as

will be seen from the results the bacterial count was even lower after

cooling than before. In the other four experiments the milk was

cooled to below 50° F. (.10° C), and the length of the cooling period

varied from 93 to 150 minutes. It is interesting to note that when
the bacterial count in the raw milk was high, there was a marked
reduction in the number of bacteria during the process of cooling

by forced-air circulation. When the bacterial content of the raw
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milk was low, the reduction caused by slow cooling was not so marked,
although the bacterial count was usually less.

From the foregoing experiments, conducted on a laboratory and
also on a small commercial scale, it seems evident that there is no
bacterial increase in pasteurized milk which is cooled slowly; on

the contrary, there is often a decrease, especially when there are

large numbers of bacteria in the milk before pasteurizing.

These results are of particular value, for they indicate that it is

possible to cool hot pasteurized milk slowly by means of forced-air

circulation. From the results of our experiments we believe this

is possible without any bacterial increase in the milk, provided the

cooling to 50° F. (10° C) does not require a longer period than five

hours. This period of time should not be exceeded. It should be

remembered that even if a period of three hours is required to cool

milk from 145° F. (62.8° C.) to 50° F. (10° C), the temperature is

within the growing range of bacteria for only a portion of that

period. With the process of cooling by forced-air circulation on a

commercial scale milk can be cooled to 50° F. (10° C.) within three

hours, which is well within the 5-hour limit, and in order to have a

wide margin of safety we recominend that hot-bottled pasteurized

milk be cooled within three hours after it is bottled.

We wish to emphasize the fact that the bacteriological results

which have been discussed apply only to the slow cooling of hot

pasteurized milk during the process described in this bulletin. Pas-

teurized or raw milk must be held, after the cooling process, at low
temperatures in order to check bacterial development.

EFFECT OF THE PROCESS ON THE CREAM LINE AND FLAVOR OF MILK.

In the consideration of the process of bottling hot pasteurized

milk followed by slow cooling, it is of practical importance to know
what effect such a process will have on the cream line and flavor of

milk. Several laboratory experiments were first made to determine

this matter. Milk was pasteurized, and hot 500 c. c. graduated

cylinders were filled with hot milk up to the 500 c. c. mark. Together

with the cylinder of hot pasteurized milk one cylinder was filled

with raw milk and one with pasteurized milk which had been cooled

to 50° F. (10° C.) in 15 seconds by running through a coil immersed
in brine. The method of cooling the hot-bottled pasteurized milk

was varied considerably, as may be seen in Table V. After holding

the milk for 24 hours at 45° F. (7.2° C.) the numbers of cubic centi-

meters of cream were read off directly from the graduations on the

cylinder. This method, of course, gave a very reliable means of

determining the effect that heating and cooling had on the cream

line ; in fact, it was too accurate, since the marked differences in the

cream line seen in the cylinders were not apparent in the bottled milk.
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Table V.

—

Laboratory cream-line experim.ents showing comparison of raw milk and milk
pasteurized at 145° F. for 30 minutes followed by various methods of cooling.

Experi-
ment Xo.

Milk and process.

Cream in 500
c. c. cylinder
after 24 hours'
refrigeration
at 45° F.

(•Raw '.

C.c.
64 5

1

Pasteurized:

64.5
65.0
64 5

Cooled stowlvin air hiast for 45 minutes
Held above 105° F. for tliree hours and cooled in ice water

Raw 65.0

62.5
52 5

2
Pasteurized:

Cooled in 15 seconds to 50° F

Held al'ove 100° F. for li- hours 52 5
Raw milk lost

'

3
Pasteiurized:

83
Cooled slowly for 30 minutes in air Mast, then cooled quickly in brine 85

90
Raw milk lost

4

Pasteurized:
Cooled in 15 seconds to 50° F 75
Cooled slowly in air blast for 21 hours, then cooled in ice water 69
Held al)Ove 100° F. for '2h hours and cooled in ice water 75

Raw '.

80
- Pasteurized:

Cooled in 15 seconds to 50° F 68
Cooled slowly in air blast for 2 hours 55

5 After cooling in air blast for 2 hours the milk was cooled quickly in brine
to 50° F.

Held above 100° F. for 5 hours

62

55
After holding above 100° F. for 5 hours the milk was cooled quickly in
brine to 50° F.

62

A study of the results shown in the table above indicates that

cream-line formation is a variable factor. Sometimes it was reduced

by pasteurization, even when the milk was cooled to low tempera-

tures within 15 seconds, and at other times there was no difference.

In some experiments the cream liae was slightly less on milk cooled

slowly.

These laboratory experiments do not exactly duplicate conditions

of air cooling on a commercial scale, for in no case was the hot

pasteurized milk cooled to 50° F. (10° C.) within three hours, as it

was in our later experiments. Throughout our experiments on a

small coEomercial scale, when the milk was cooled to that tempera-

ture within the time named no apparent reduction of the creana layer

was observed, and the cream line was always distinct. When milk

stood at temperatures above 80° F. (26.7° C.) for several hours

without agitation, some of the melted buttcrfat rose to the top of

the bottle and on cooling formed a smaU lump of butter. This was
observed, however, when the cooling process was begun immediately

after bottling, even though tlu^ cooling was gradual.

A.S to the (iffcct of tlic i)rocess on (lie flavor of the milk, it may bo

said that there was no more noticeable flavor than is the case with

milk pasteurized iirid cooled mpidly, (except wh(>ii thci milk was held

above 100'-' F. {'.ilX^ C.) for several liours. This was the case in
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several of our experiments, and in these a slightly more pronounced
cooked taste was noticeable in the milk. In this connection we wish

to call attention to the fact that these results hold good only for

milk pasteurized at 145° F. (62.8° C.) and are based on results ob-

tained experimentally on a small scale. They can not be applied

where higher temperatures might be used, as in such cases it is possi-

ble that different results may be obtained.

EXPERIMENTS IN HEATING BOTTLED MILK BY FORCED AIR.

The experimental apparatus used for heating the milk in the bottle

by means of circulated hot air is shown in figure 17. It is the same
general arrangement that was used for the cooling experiments except
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the addition of the bunker and heating coUs. The crates were stacked

in the box as shown, and the air was' forced by the fan from the

heating-con bunker into the top of the box, down through the stack

of crates, and out at the bottom. The floor of the box was made
practically air-tight around the crates, so that the hot air necessarily

had to flow through the crates and around the bottles in its passage

from the box.

In figm-e 17 it wiU be noted that the galvanized piping for air was
so arranged r^t by manipulating dampers a closed hot-air circuit

would be maintained for heating, or cold air from the outside could

be admitted to the box for the purpose of cooling. By closing the

dampers in uilet pipe G and outlet pipe B and opening the damper in.

pipe E a closed hot-air circuit would be maintained in which the

fan A would draw the hot air from the bottom of the box and force

it upward around the heating coils and into the top of the box
through the opening H, thence downward through the crates.

After heating the liquid to the desired point, the steam supply was
cut off, the dampers were reversed, and cold outside air admitted to

the box for cooling; that is, the dampers in pipes G and .B were

opened, and the one in pipe E closed. Then cold air from the out-

side was drawn in by the fan A, forced up through the heating coils

and into the box through the opening H, thence downward through

the crates, and outside through the pipe B. The heating coils were so

arranged that the number of coils could be varied, thus making it

possible to regulate the amount of heat in the box. The steam pres-

sure and the amount of condensed steam from the coils were recorded

during the experiments.

RESULTS OF HEATING FROM BOTTOM UPWARD.

Before the equipment was arranged as shown in figure 17, the

heating coils were placed in the bottom of the box, under the plat-

form, and the air was forced by the fan around the coils and upward
througli the stack of crates, leaving the box near the top. After the

liquid was heated to the desired point, cold air for cooUng was blown
downward tlirougli the crates. The results obtained under these

conditions are shown by the curves in figure 18. It will be seen that

there was a wide variation in the temperatures of bottles at different

parts of the stack.

After heating there was an average difference of 16° F. (8.9° C.)

between the top and bottom quarts of milk, and a maximum differ-

ence of about 30° F. (10.7° C.). This variation in temperature is

considered too great for satisfactory pasteurization, as certain bottles

will be overheated while others will not be heated to the required

point; furthermore, there is a variation in temperature of from 10°
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to 15° F. (5.6° to 8.3° C.) between the top and bottom portions of

milk contained in the same bottle. This is shown graphically in

figure 19, the curves in which were plotted from data obtained in the

experiment shown in figure 18. The distances of the curves above

the zero line are considered as positive, and those below as negative.

The points where the curves cross the zero line indicate equal temper-

atures at top and bottom of the bottle ; hence the convective currents
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cease at these points. Above the zero line the topmost layers were the

hottest, and below it the bottom ones were the hottest. It is of course

very important that the milk be heated uniformly throughout the
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stack as well as in individual bottles; therefore it is believed that this

method of heating will not give the desired results.

RESULTS OF HEATING FROM TOP DOWNWARD.

After making several experiments with the heatuig coils ui the

bottom of the box, all of which gave imsatisfactory results, the ar-

rangement of apparatus shown ia figure 17 was used. With this
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arrangement the air was blown over steam coils and clown through

the crates, leaving the box near the bottom. The results are shown

by means of curves in figure 20. In this case the crates were stacked

five high, the pint bottles in the three lower crates, and the quarts

in the two upper ones. By placing the quart bottles on top they

came first into contact with the hottest air and naturally would be

heated more quickly than the pint bottles at the bottom. There was

stm a wide difference in temperature, however, between the upper

and lower tiers of bottles and also in the temperature of the top and

bottom layers in the same bottle, where a maximum temperature

difference of 82° Y. (45.5° C.) was observed. It was therefore

decided that neither of these methods is commercially, practicable

when the milk is contained in bottles.
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GENERAL SUMMARY.

1. In these experiments bottles of water generally were used in

place of milk, as it was found that there is very little difference in the

relative rate of cooling milk and water. When quart bottles of milk

and of water were cooh^d by forced-air circulation from 148° to 45°

F. (64.4° to 7.2° C), the milk cooled more slowly, but the maximum
difference was about 2° F. (1.1° C). On account of this small vari-

ation it was considered advisable to use water, as it was more casUy

obtained and handled. Bottl(^s of milk, however, were distributed

throughout the crates for bacteriological studies as well as for temper-

ature readings.
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2. A bottle of hot milk will cool about one-third faster in circulated

air than in still air at the same temperature. This is also true of hot

milk in 10-gallon cans. The time required to cool through a given

range, other things being equal, depends upon the size of the con-

taining vessel, and it is beheved that in commercial practice quart

bottles are about the largest-sized containers which should be used

with this method. Cooling by natural circulation is too slow for

satisfactory application on a commercial scale.

3. The cooling experiments were operated on a basis of 30 crates,

stacked in 6 piles, each 5 crates high. When cold air was forced up
through the crates, there was a wide variation in the temperature

in the same sized bottles in different positions in the stack, as well

as in quart and in pint bottles in the same position. This variation

was too great for satisfactory operation on a commercial scale.

4. When the direction of the cooling air was reversed every 15

minutes during the coolmg period, first up then down through the

crates, the variation in the temperature of the bottles was reduced,

but the cooling was not entirely satisfactory.

5. When air was forced down through the stacks .of crates the

cooling process was much more effective. The maximum difference

in temperature in any of the bottles was about 4.5° F. (2.5° C),

and the average difference only approximately 2.5° F. (1.4° C.)

when the bottles were all at the same initial temperature at the

beginning of the cooling period. There was a difference of only

2° F. (1.1° C.) between the average and the maximum variation

in temperature of different bottles, showing that the cooling was
practically uniform. With air at 40° F. (4.4° C.) forced down through

the crates at the rate of approximately 2,500 feet a minute, the bottles

were cooled from about 140° F. (60° C.) to 50° F. (10° C.) in about

two hours. With air at 30° F. (— 1.1° C), and at the rate of about

1,700 feet a minute, the bottles were cooled through the same range

of temperature in approximately 1 hour and 30 minutes, and when
it was at 20° F. ( — 6.6° C.) and forced down through the crates at

the last-mentioned rate, the bottles were cooled from about 140° F.

(60° C.) to about 50° F. (10° C.) in about" 1 hour and 20 minutes.

6. There was a wide variation in temperature between the top

and the bottom of the same bottle during the cooling period when air

was forced up through the crates; this variation was practically

eliminated when air was forced downward through them.

7. Cost of cooling by forced-air circulation, when the outside air

temperature is 40° F. (4.4° C.) or lower, is materially less than that

of the usual methods of refrigeration.

8. Bacteriological studies indicate that if milk is cooled from
145° F. (62.8° C.) to 50° F. (10° C.) within five hours after pasteuriz-

ing, no more bacterial increase will take place during the slow cooling
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than if the milk were cooled immediately to the same temperature.

In fact, in om* experiments, on a 30-crate basis, there was a marked
reduction in the bacterial numbers during the cooling period,

especially when the raw jnilk contained large numbers of bacteria

before pasteurization. From our experiments it seems that pas-

teurized milk can be cooled, on a commercial scale, from 145° F.

(62.8° C.) to 50° F. (10° C.) by means of forced-air cu-culation withm
three hours; consequently the process can be completed well within

the 5-hoiu- limit. In order to have a wide margin of safety and to

obtain the best results, we recommend that the cooling process be

started immediately after the hot pasteurized milk is bottled and

that it be completed witliin three hours.

The cooling of milk is absolutely essential in order to restrain

bacterial growth, and we wish to emphasize the fact that the process

of cooling slowly does not eliminate the cooling process, but simply

makes use of a slower-coolmg process than is in use at the present

time.

9. So far as our laboratory experiments on a 30-crate basis in-

dicate, slow coolmg of hot-bottled pasteurized milk has no appreciably

detrimental effect on the cream line and the flavor of the milk. This

is true for periods of cooling of not more than three hours. It is,

of course, possible that different results may be obtained on a large

commercial scale.

10. On account of the uneven heating of pint and quart bottles

in similar positions, and the same-sized bottles m different position

in the stacks, attempts to heat milk in bottles by means of forced-

air circulation were not successful. It was found impossible to heat

the bottles to the pasteurizmg temperature of 145° F. (62.8 C.)

without overheating some of them.

CONCLUSION.

Our results indicate that it is commercially practicable to cool hot

pasteurized milk in containers not larger than quart bottles by forcing

cold air downward over them when the air is at a temperature of 40°

F. (4.4° C.) or lower.

On account of overheating portions of the milk, the process of

pa.stcurizing milk in bottles by forcing hot air over them seems com-

mercially impracticable.

This bulletin contains experimental data on the method of cooling

hot-bottled milk by forced-air circulation which we believe wiU bo

of assistance in tlu; practical apphcation of this method of cooling.

WTien the temperature of the outside air is 40° F. (4.4° C.) or lower,

it may bo used for this purpose, but when it is higher than that it

must b(^ (•()()]c(\ })y mcfhnmcn] rcifrigeration. It is possible to use a

combination of outside air and ndrigerated air; that is, outside air
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at a temperature of, say, 60° or even 70° F. (15.5° to 21.1° C.) may
be used to cool the milk partly, the remainder of the cooling being

done by mechanical refrigeration. It should be noted, however,

that in coohng milk on a large scale by this method some unforeseen

difficulties may arise which we did not encounter in our experiments.

This process of cooling by forced-air circulation, if commercially

practicable, could be appHed to advantage for cooling hot-bottled

pasteurized milk. Briefly stated, the complete pasteurizing and

cooling process could then be as follows

:

Milk could be pasteurized by the ordinary, holder system at 145° F.

for 30 minutes. It could then be bottled hot in special oversized

milk bottles of the ordinary type and capped with ordinary sterile

caps. Before being filled, the bottles could be steamed for two

minutes by running the crates inverted on a conveyer over steam

jets; the bottles would then go through the bottling machine in a

hot condition and would be practically sterile. The crates of hot-

bottled pasteurized milk could then be cooled by stacking in a

refrigerator room and blowing cold air through the crates. In the

cold season outside air could be used for cooling, and in the warm
season refrigerated air could be circulated through the crates.

This process could be modified in two ways: The hot milk could

be held in the bottles at 145° F. instead of in a tank, and the crates

of hot pasteurized nulk could be cooled by spraying with cold water

instead of air.
'

^

From a sanitary point of view the important advantage of the

process of bottling hot pasteurized milk in hot bottles lies in the fact

that bottle infection is efiminated, and if the bottles of hot milk can

be cooled successfully by forced-air circulation, the process of pas-

teurization would be raised to its highest state of efiiciency by
relatively simple methods.
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INTRODUCTION.

During the winter of 1916 the sugar-beet thrips (Heliothripsfemor-

alis Renter) was found in large numbers in a greenhouse at Washing-
ton, D. C. While attacking a variety of plants, the insect confined

itself principally to sugar-beet seedlings. Although long recognized as

a greenhouse pest, the sugar-beet thrips occurs out of doors in some
locahties and is recorded as having a large number of food plants.

Short notes on its injurious habits have been recorded and published

from time to time, but as far as known the life history and habits of

the immature stages hitherto have not been fully determined.

GENERAL DESCRIPTION.

In color this species is dark brown or black, the head, prothorax,

and the end of the abdomen being reddish yellow. The eyes are

dark brown. The forelegs are yellow, the middle and posterior pair

yellow with bn)wn femora or thighs. The wings are dusky, the
posterior pair hghtcr, crossed by a white band at the base and a white
band about two-thirds the distance from the base; the tips are

white. The antenna? are three times as long as the head. The total

length is about 1 .3 millimeters.

> The writer wishes to express his apprecfatlon to Dr. F. H. Chittenden, under whose direction this

work wasconducte'l, for many helpful suggestions, and to Mr. J. D. Ifood, forfurnishing many references

to literature fjertairiing to this subject.

5.>47a°-Bull. 421-10 1
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HISTORY.

The sugar-beet thrips was first described by Prof. O. M Reuter (1)/

from specimens taken in the greenhouse in 1891, at Helsingfors,

Finland. The first record we have of its occurrence in the United

States was made by Mr. Theo. Pergande (2), who described it in 1895

as Eelioihrips cestri n. sp., and wrote that it had been known to him
since 1884, at which time specimens were presented by Mr. P. B.

Mann, who discovered them infesting a plant of Oestrum nodurnum
from Massachusetts. He also stated that about the same time it

was sent to him from Helsingfors, Finland; and that in 1883 he

discovered the same species, extremely abundant on leaves of an

amaryUis, in a conservatory of the Department of Agriculture at

Washington, D. C. It was redescribed by Uzel in 1895 (3), and

again by Hinds in 1902 (6). Since that time we have brief records

of its occurrence in many localities m the United States and elsewhere.

DISTRIBUTION.
*

The sugar-beet thrips is widely distributed and is found principally

in greenhouses. It is recorded as occurring in greenhouses in the

British Isles, Italy, Belgium, Austria, Finland, German East Africa,

Sweden, and Spain.

It is also well distributed over the United States, and is reported

from the District of Columbia; Lacrosse, Wis.; Ithaca, N. Y.;

Vienna, Va.; Urbana, lU.; Champaign, 111.; Lincoln, Nebr.; and

Amherst, Mass.

The first observation which we have of its occurrence on sugar

beets and out of doors was made by Dr. F. H. Chittenden (7), who
collected specimens at Washington, D. C, on August 15, 1904. He
also observed it on greenhouse sugar beets. In 1907 it was collected

on sugar beet at Hamilton City, Cal., by Prof. E. S. G. Titus, and in

1914 from Pio Piedras, Porto Pico, on sugar cane, by Mr. Thomas H.
Jones (Hood, 16).

FOOD PLANTS.

The sugar-beet thrips has confined itseK chiefly to plants grown in

the greenhouse, but it has been taken out of doors on sugar beets

(Beta) and sugar cane {Saccharum ojicinarum). Hinds in 1902 Hsted

the following food plants: Amaryllis sp., Aralia, calla (Arum), the

night-blooming Jessamine {Oestrum nodurnum), Chrysanthemum,
Crinum, cucumber (Cucumis), Dracaena, Amazon lily (EucTiaris

grandiflora) , India-rubber tree (Ficus elastica), F. grandijlora, Gar-

denia, cotton (Gossypium), Hydrangea, Mina lobata, moon flower

{Ifomoea honanot), screw pine (Pandanus), date palm (Phoenix),

1 Figures in parentheses refer to Bibliography, p. IL
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yellow calla (Richardea aethiopica), tomato (Lycopersicum), and
grape (\^itis).

Tlie writer has also foimd it on Begonia, spinach (Spinacia), sweet

potato {Ipomoea Jatotos), strmg beans (Phaseolus), and Mexican tea

{Chenopodium arnbrosioides)

.

EXTENT AND NATURE OF INJURY.

The injury caused by the sugar-beet thrips is similar to that of the

other species of thrips of the group. The plant is attacked by the

adult and nymphs in the same manner. The leaf cells are pierced,

and the plant juices withdrawn, causing the cells to shrivel and turn

white. When a number of these cells are destroyed they appear as

irregular white or light-brown spots. If the attack is severe, the

whole leaf surface becomes invested by these spots and finally shrivels

and dries. The nymphs also render the plant unsightly through the

brown watery excretion from the aUmentary tract, which discolors

the leaves.

Plate I shows a leaf of Swiss chard attacked by this thrips.

HABITS OF NYMPHS OF FIRST AND SECOND STAGES.

^Mien ready to emerge, the young nymph breaks through the thin

eggshell and pushes its way upward until all but the last abdominal

segment is free. It remains upright and supported by the last seg-

ment until the appendages which are folded beneath the body unfold

and become sufiiciently hard for use. The forelegs are the first to

unfold, followed by the middle and hind pair. The antennae are now
brought forward. The nymph then places its legs on the surface of

the leaf and by constant pulling frees the body. A period of from

20 to 25 minutes is required for complete emergence.

The newly-hatched nymphs crawl about for a short time before

commencing to feed. They usually collect and feed in colonies on

the underside of the leaf, but if food is not abundant, both sides are

attacked. ^Shortly after feeding, the body becomes discolored by the

ingested food. Th(i watery excretion from the ahmentary, tract is

collected as a globule, which extends over the entire body except the

h(iad, and increases in size until it becomes too large to carry. It

is then dropped and spreads over the leaf, giving it an unsightly

appearance. The older nymphs are very active and when disturbed

move rapidly, with the tip of the abdomen extended upward.

Wlien full grown, tlie nymph s(Hiks a secluded spot in which to

transform. The curled portions of dead leaves form a favorite place

of concealment, altliougli the base of the plant and the portion of the

leaves along the midribs may be scLjcted,
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HABITS OF NYMPHS OF THIRD AND FOURTH STAGES.

The nymphs of the third and fourth stages congregate at some
isolated portion of the plant, as along the midribs, at the base, or

among the dead or dying leaves (fig. 1), where they remain during

transformation. When the attack on the plant has been severe, they

will be found more often among the dead leaves.

The third-stage nymph remains practically motionless unless dis-

turbed, when it becomes active and moves rapidly. While at rest it

is flattened against the leaf surface.

Fig. 1.—The sugax-beet thrips (Heliofhrips femoralis): Section of sugar-beet leaf showing fourth-stage

nymphs along midribs. Enlarged. (Origiaal.)

The nymph' of the fourth stage remains motionless and in the same
position as in the preceding stage. It is not so active, moving slug-

gishly and only for a short distance when disturbed.

HABITS OF THE ADULT.

When the adult emerges from the pupa case it is light yeUow and
very dehcate, but as it hardens it gradually assumes its character-

istic normal dark brown or black. It remains for a short period in

the spot where it transformed before seeking food. As in the mature
stages, nourishment is obtained by puncturing the leaf cells and with-

drawing the plant juices, the adult apparently requiring less food

than the nymph. While resting it remains flattened against the leaf

surface along the veins and other parts of the plant. It crawls slowly
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Work of the Sugar-Beet Thiiif'. fHELioTHRiPS femoralis) on Swiss Chard.
fORIGINAL.)
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Leaf of Beet Showing Adults of Suqar-Beet Thrips. (Original.)
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about on the leaf with the abdomen curved downward, but if dis-

turbed moves rapidly away with short, quick leaps. It seldom takes

wing, although the wi'iter has twice observed flight for a short dis-

tance.

A beet leaf showing the adult at rest is illustrated in Plate II.

The adult males are smaller and more active than the females,

which usually greatly outnumber them, although at times the pro-

portion becomes nearly equal. Copulation takes place during the

day, as has been observed on a number of occasions.

Oviposition usually takes place at night or in the evening, but has

been observed late in the afternoon.

DESCRIPTIVE.

THE EGG.

Egg (fig. 2) translucent white; surface without sculpture; elongate reniform, slightly-

flattened at cephalic end. Average length 0.249 mm.; width 0.108 mm. Deposited

usually on the underside, obliquely to the surface, and beneath

the epidermis of the leaf or stem.

TMien the embryo begins to develop, the egg becomes swollen

and tmns dull white.

THE NYMPH.

First stage ( fig. 3) .—Fusiform, translucent white ; head , eyes,
Fig 2.-Eggsofsugar-beet

1 \ , . . 1 \. 1 1 1
thrips. Enlarged.

legs, and prothorax large in proportion to the rest of the body; (Original

)

length 0.481 mm.
Head subquadrate; slightly rounded in front. Length 0.083 mm.; width at eyes

0.103 mm The eyes dark red, ocelli absent. Antennae, length 0.249 mm.; the seg-

ments confused with the exception of 2 and 3, which are separate; segments 1 and 2

cylindrical, bearing spines on outer margins; segment 2 slightly longer; segment 3

pedunculate, annulate, bearing spine on outer anterior margin; segment 4 fusi-

form, annulate, nearly twice as long as 3, bearing two spines on upper margin; seg-

ments 5, 6, 7, and 8 slender and tapering toward apex; spine on outer margin of

segment 5. The head bears two pairs of setae dorsally, and one in front of the eye

on the outer margin. Prothorax large, transverse, rounded at the margins, bearing

one pair of setse on lateral margin; length 0.09 mm.; width 0.146 mm. Mesothorax,

width 0.398; mesothorax and metathorax each bear a pair of setae on outer margin,

and one pair dorsally. Legs translucent, robust, bearing numerous short spines.

Abdomen tapering posteriorly, segments subequal in length, with the exception

of 9 and 10, which are longer; 9 about half as long as 10. Each segment, except 9

and 10, bears three pairs of setae; one pair on the lateral margin, and two on the dor-

sum; .segments 9 and 10 bear 2 pairs. The mesothorax and segments 2 and 8 of the

abdomen each Vjcar a pair of spiracles.

Semnd slaye (fig. 4).—Body fusiform, translucent, linged with faint yellow.

Length L41 mm.
Head Hiibquadrate, rounded and narrowed in front; about as wide as long; length

0.099 mm.; width 0.133 mm. at eyes. Antennae 8-jointed, all segments distinct ex-

frept 7 and 8, which do not appear to be movable; segments 3, 4, 5, 6, and 7 annulate.

Length 0.332 mm. The prothorax transverse, narrowed toward the head; width
0.294 mm.; length 0.149 mm. Mesothoracic angles prominent; width of mesothorax
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0.315 mm.; one pair of setse on each lateral margin of the prothorax, and one on the

posterior margin; two pairs on the dorsum of the mesothorax and metathorax.

Abdomen tapering gradually posteriorly until the ninth segment, then abruptly.

Segments 9 and 10 much narrower than the rest and bearing the rudiments of a pair

of obtuse spines on the posterior margins. The first abdominal segment bears one

pair of lateral setse; segment 9, one pair dorsally and one laterally; segment 10 bears

one pair; the remaining segments bear two pairs dorsally and one pair laterally.

Third stage (fig. 5).—Head subquadrate, wider than long; length 0.116 mm.; width

0.166 mm. Eyes dark red, small; ocelli absent. Antennal cases, segments con-

fused; only five apparent; length 0.265 mm.
Prothorax transverse, half as long as broad; length 0.133 mm.; width 0.266 mm.;

a row of setse on the lateral and posterior margins. Mesothoracic angles prominent;

Fig. 3.—Newly-hatched nymph of

sugar-beet thrips. Enlarged about

160 diameters. (Original.)

Fig. 4.—Second-stage nymph of

sugar-beet thrips. Enlarged

about 40 diameters. (Original.)

width of mesothorax 0.299 mm. The wing pads reach to the third abdominal seg-

ment. Length of wing pads from the base to the tip 0.299 mm.; the hind pair the

longest. Abdomen fusiform, tapering slightly anteriorly; the last two segments are

much narrower than the rest, and bear on their posterior margins two large obtuse

spines, which extend upward.

Fourth or last stage (fig. 6).—Color translucent white; length 1.469 mm.
Head subquadrate, faintly reticulate; wider than long; length 0.12 mm.; width

0.199 mm. Eyes dark red; three ocelli present, lighter in color than eyes. Antennal

cases folded back over the head, the apices extending to the middle of the prothorax,

the cases coming in contact beyond the middle of the head. Segments confused;

1 and 2 protruding in front of the head. Segment 2 bears four setse, two long and

two short ones, extending forward. The head bears four setse, one behind each

eye and two small ones between, the antennal cases. The newly formed antennse

may be seen through the wall of the case
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Protliorax transverse, about three-fourths as wide as long; length 0.158 mm.;
width 0.232 mm.; margins rounded; a row of setse extending aroimd the margins,

with the exception of the anterior margin. Mesothoracic angles prominent and

acute;^width 0.282 mm. Wing pads extend to the middle of the fifth abdominal

segment, each forewing pad bearing 12 to 13 short spines; length of wing pad from

base to apex 0.564 mm.
Abdomen fusiform, tapering slightly anteriorly; segments 9 and 10 much narrower

than the rest, each bearing a pair of large obtuse spines, which extend upward. Each
segment except 1, 9, and 10 bears two dorsal pairs of setae, one placed laterally and

^^^:iis

Fig. 5.—Third-stage nymph
of sugar-beet thrips. En-
larged about 40 diameters.

(Original.)

Fig. 6.—Fourth-stage nymph
of sugar-beet thrips. En-
larged about 40 diameters..

(Original.)

one sublaterally. The first segment is without setae, and 9 bears two pairs on lateral

margin ; 10 bears only one pair.

Legs translucent white, bearing numerous short spines, with one long spine on

the tibise.

THE ADULT.

The adult female (fig. 7) is described by Hinds as follows:

,

Heliothrips femohalis Reuter.

Female.—Length 1.3 mm. (1.12 to 1.5 mm.); width of mesothorax about one-fourth

the body length. General color dark brown to yellowish brown, lighter at extremi-

ties. Entire surface of body weakly but plainly reticulated.

Head two-thirds as long as Ijroad, widest in front; anterior margin depressed at

in.sf^nion of antennae; vertex carinated; bases of antennae separated by a prominence

as high and nearly as wide as the first antennal segment; two transverse wrinkles near

ba<^:k of head more prominent than the others; Ijehind the anterior one of these two

the longitudinal parts of the reticulations Ijecome very faint,; sjnnes upon head scat-

tering and small. Eyes (juite large, [trotruding anteriorly, coarsely granulated;

eyea and margins of ocelli bright, dark red by reflected light; ocelli placed on sides
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and front of a distinct elevation on top of head between eyes. Head liglit brown with

light yellowish longitudinal stripe on each side between eye and ocelli. Maxillary

palpi three-segmented, short, small; labial palpi minute. Antennae eight-segmented,

slender, nearly three times as long as head; relative lengths of segments as follows:

1234 5 678
5 8.8 16.6 12.2 11 8.6 4.3 10.5

Segment one cylindrical, three-fourths as broad as two, which is barrel-shaped and

annulated; remaining segments narrower than these two and more elongated; three

and four fusiform; seven and eight nearly cylindrical; eight very slender; one, two,

and three nearly concolorous, light yellow with tinge of gray or brown on one and two

;

four and five light yellow in basal half, shading to light brown on apical half; six,

Fig. 7.—Adult female of sugar-beet thrips. Enlarged. (Original.)

seven, and eight uniformly chocolate brown; segments two to five annulated; spines

slender, light colored.

Prothorax transverse, about one-fifth wider than the head, twice as wide as long and

shorter than the head ; sides rounded ; without conspicuously large spines. Mesothorax

about one and two-thirds times as wide as the head; anterior angles prominent; meso-

notum with deep incision on posterior margin ; metanotum with four spines standing

in a square near its center. Wings present, long, about one-sixteenth as broad as long;

fore wings broadened at base, with two longitudinal veins, the second branching from

the first not far from the base of the wing. Spines upon veins of fore wing stout,

dark colored, and set at uniform distances; costa bears seventeen to twenty, fore vein

fourteen to seventeen, hind vein ten to thirteen, scale three to five besides pair at its

tip; spines on basal fourth of wing are light colored, smaller, and much less conspicuous;

anterior fringe on both wings fairly long and stout; posterior fringe long, slender, and

dark colored. Wings grayish brown to dark gray, lighter between the longitudinal

veins; three nearly white cross bands; one across base before branching of veins,

another at three-fourths the length of wing and the third across the tip. Legs: All

tibiae, tarsi, and fore femora yellow; middle and hind femora dark brown, yellow only
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at ends; spines upon legs small and inconspicuous except ten to twelve on inner side

of hind tibiae.

Abdomen broadly ovoid, conical at tip, twice as wide as head; ovipositor long and

slender; tenth segment split open above; segments two to eight with dark cross line

near anterior edge. Two or three spines on sides of each segment from two to eight,

not conspicuous; anal spines weak. Color of abdomen yellowish brown to dark brown;

last two segments much more yellow, but shading to brown at posterior edges.

This species has the power of springing.

A description of the male, which hitherto has not been recognized,

is appended.

MaU.—The male resembles the female in appearance, but is much smaller and more
active. The abdomen tapers gradually posteriorly; the apex (fig. 8) is truncate; the

Fig. 8.—End of abdomen of male of the sugar-beet thrips. Greatly enlarged.

Drawn by J. D. Hood. (Original.)

last segmeiit is short and liroad. Segment 9 l:)ear8 dorsally three pairs of short, black,

obtuse spines, light brown at the l>ase; two pairs near the middle of the segment, and

one pair near the posterior margin, and more widely separated.

Meaeurements: Length of heaitt 0.099 mm.; width of head 0.174 mm.; width of

prothorax 0.199 mm; length of prothorax 0.0996 mm.; width of metathorax 0.282 mm.;
width of altdomen at third segment 0.299 mm.; length of abdomen 0.73 mm.; length

of aiitenmt 0.299 mm. Total length 1.185 mm.

LIFE CYCLE.

Tiic ]if(! liistory wus dtiterniincd rinder natural greenhouse condi-

tions. Females wen; isolated on small beet seedlings, and as soon as

tliey deposited eggs tlK3 adults were removed. TJie temperature and

moisture were fairly constant, the maximum temperature being
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reached in the middle of the day. The average mean temperature

was about 73° F. during the time of development.

The egg requires from 12 to 14 days to develop; the nymph molts

four times, the first instar lasting about four days. The second stage

transforms to the third in about eight days. The third stage is short,

the skin being molted in about a day. The fourth or last stage

requires about five days before it emerges as an adult.

The full length of the adult's life was not determined, but adults

emerging from isolated pupae on February 11, 1916, were still alive

40 days later.

The normal mode of reproduction is bisexual, but owing to the

fact that at certain intervals the proportion of males to females is

very small, it is likely that parthenogenesis occurs as in other species

of this group. While this species was under observation males were
present most of the time, but in very small numbers, although on one

occasion they appeared very abundant, nearly equaling the females.

CONTROL.

In the greenhouse the sugar-beet thrips may be held in check by
the apphcation of a strong spray of water to the foliage. This

washes the younger stages from the leaf; and as these are unable

to reach the food plant again, they die.

As a result of experiments, spraying is the best method of control,

both in the greenhouse and out of doors. The following solutions

were used

:

Experiment No. 1.

Nicotine sulphate ounces. . 4

Fish-oil soap -. pounds. . 4

Water gallons. . 50

Result: About 60 per cent of adults and 40 per cent of nymphs
kiUed.

Experiment No. 2.

Nicotine sulphate ounces.

.

5

Fish-oil soap pounds.

.

4

Water gallons.

.

50

Result: Ninety per cent of adults and, 60 per cent of nymphs
killed.

Experiment No. 3.

Nicotine sulphate ounces. . 6

Fish-oil soap pounds. . 4

Water gallons. . 50

Result: All adults and about 95 per cent of njnnphs kiUed.

The fact that the adults were more susceptible to the spray than

the nymphs may be due to the globule of excretion which serves to

protect the body of the nymph.
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The spray should be appUed to both sides of the leaves ; if possible,

on a dull or cloudy day. The adults are not so active at this time

and are, therefore, less likely to move out of reach of the spray.
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INTRODUCTION.

During the spring of 1915 the larva of a tortoise heetle, Cassida

yallidula Boh., was observed in injurious numbers on the foliage of

young eggplant and on the leaves of Irish potato at Baton Rouge,

La. Wliile injury to eggplant by this species was mentioned by
Riley, under the name of Cassida texana Cr., as early as 1882 (2)/

and while other ^^Titers have referred to its presence on wild Sola-

nums, no comprehensive article regardmg it has been published.

During 1915 the writer, assisted by Mr. C. E. Smith, of the Bureau of

Entomology, kept the insect under observation at Baton Rouge, La.,

studying its life history and habits and conducting control experi-

ments with insecticides. Although the species has not been found

to be a pest of first-class importance to the plants which it attacks, it

is apparent that it is, at times at least, destructive enough to its cul-

tivated hosts to warrant the use of insecticides for its control.

DISTRIBUTION.

The species is somewhat widely distributed over the more southern

portions of the United States. Riley (2) has recorded it from south-

ern Texas and Washington, D. C, Coquillett (4) reported its presence

in California, and Blatcliley (6) lists it in his ""Coleoptera of Indiana."

It also occurs in Missouri, Kansas, Oklahoma, New Mexico, and
Arizona (7, 8).

HOST PLANTS.

Riley (2, 3) has recorded it as feeding on Solanum elaeagnifolium,

S. carolinense, and eggi)laiit, and Coquillett (4) found it on Solanum
jMrdi in California. Wickham (o) has stated that ho saw it feeding

on Solanum in the lower Rio Grande Valley. At Baton Rouge, La.,

it ha.s been found on Solanum caroUnense, eggplant, and Irish potato.

' Figures In parenthesis refer to "liibliograpliy," p. 8.

yAW-n,,]). 422 16
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DESCRIPTION.

The egg (fig. 1) is ellipsoidal in shape and creamy white when first

deposited, later becoming brownish. Ten eggs gave an average

length of 1.24 mm., ranging from 1.16 to 1.30 mm., and an average

width of 0.67 mm., ranging from 0.62 to 0.76 mm.

THE FIRST-STAGE LARVA.

The general color is greenish white, with light, dirty brown head,

and with the tips of the mandibles and the claws dark brown. The
head and legs are large and out of proportion to the rest of the insect.

The surface of the body is sparingly covered with short spines. Six-

teen pairs of branched appendages extend from the sides of the body,

the branches being larger on the anterior pair. Another pair of long

appendages originates on the dorsal surface of the body, just anterior

to the anus, and it is upon this pair that the excrement and cast skins,

commonly known aS the ''pack," are carried, the pair

)t^".T.'^^^v. of appendages sometunes being called the
'

' fsecifork."

The length of the first-stage larva, includmg the head,

is about 1.5 mm. and the width of the head about

0.46 mm.
THE SUCCEEDING LARVAL STAGES.

There are in all five larval stages. The principal

difi^erence between them is the increase in size after

—"•'^ each molt, the full-grown larva measuring from 5 to

ftg. i.-Eggpiant tor- 55 ^im. in length.
toise beetle ( Cassida „, . . , . • , 1 • , • /. , t

-paiiiduia): Egg. ihcre IS some variation m the position oi the ap-
Greatiy enlarged, peiidages aloug the sidcs of the body in the various

^"
' stages. After the first molt the head and legs are

smaller in comparison with the growth of the body and are not so

conspicuously out 'of proportion as in the first instar. The color

of the body in the second and in the succeeding stages is light green,

sometimes tinged with yellow. The cast larval skins of the various

stages are often retained on the fsecifork up to the time the larva is

ready to transform to the pupa. They are arranged consecutively,

that of the first nymphal stage nearest the tip of the fork and with the

head molts on the upper surface of the pack as it is held over the

dorsal surface of the body.

The width of the heads of individuals in any one stage is quite

constant, that of the second instar being about 0.55 mm., that of the

third about 0.67 mm., that of the fourth about 0.82 mm., and that of

the fifth about 0.97 mm.
THE PUPA.

The fringe of appendages persists in the pupa, there being five

branched pairs on the sides of the abdomen and about 45 smaller

appendages around the edge of the prominent thoracic shield. The

1
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antemije, legs, and wings of the adult are evident on the ventral

sm-face, held against the body. Portions of the larval molts adhere

to the blunt tip of the abdomen, by which the pupa is attached to the

surface upon which it rests.

Measm-ements of five individuals gave an average length of 5.4

mm., the length varying from 5 to 5.5 mm. The average width of

the thoracic shield was 2.9 mm.
THE ADULT.

2.) is taken fromThe following description of the adult (fig.

Blatchley (6):

Oblong-ovate, sides nearly parallel. Uniform dull green or greenish-yellow;

antennae -n-itli last three joints piceous. Thorax twice as wide as long, the angles all

broadly rounded; mai'gin very broad, flat and

translucent. Elj-tra with humeral angles

prominent, margins broadly flattened, punc-

tures A'ery coarse and close-set; intervals nar-

row. Length 5-5.5 mm.

DEVELOPMENT.

OVIPOSITION.

On eggplant the greater number of

the eggs have been found on the

underside of the leaves, although they

are also placed on the surface andsome-

times on other portions of the plant.

"While as many as four eggs have been

found together, they are usually placed

singly or in groups of two or three

eggs each. Where more than one egg

occurs they are placed one above

another. Surrounding the egg and extending from it in the plane of

its greatest circumference, to form a more or less rectangular flake, is a

thin, transparent layer of membranous substance having a brownish

tinge. Covering this, almost without exception, is a second, larger

flake of the same material. These are attached to each other at the

end where the flake inclosing the egg is attached to the surface upon
which it is placed.

Eggs were first noted in the field at Baton Rouge, La., on May 11

and were present as late as September.

PERIOD OF INCUBATION.

During June the period of incubation of eggs kept in the insectary

was quite constant, the larvae issuing in from four to five days after

the eggs had been deposited.

The follcAving table gives the mean maximum and minimum tem-

peratures for the insectary wlu^re the life-history studios were con-

durtod, and the corresponding figures given for Baton Rouge by the

United States Weather Bunsau. Readmgs were taken each morning
from a maximum and minimum thermometer.

Fig. 2.—Eggplant tortoise beetle: Adiilt.

Enlarged. (Original.)
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Table I.

—

Mean maximum and minimum temperatures at Baton Rouge, La., during

June, July, and August, 1915, when li^e-Mstory studies on eggplant tortoise beetle ivere

conducted. w,li l l M. ./.;.:

Period.

June . .

.

July...,
August

.

U. S. Weather
Bureau, mean
teinperatures.i

Max.

'F.
91.5
92.5
91.3

Min.

'F.
. 72.3
71.9
70.0

Insectary, mean
temperatmes.

Max.

'F.
94.9
95.4
92.1

Min.

"F.
73.9
74.8
74.0

Excess of mean in-
sectary tempera-
tmes over those
of U. S. Weather
Bureau.

Max.

3.4
2.9

Min.

1.6
2.9
4.0

I Climatological data, Louisiana section, for months of June, July, and August, 1915, by Isaac M. Cline,

pp. 46, 54, 62, New Orleans, La., 1915.

LENGTH OP LARVAL PERIOD.

The length of the larval period has been found to vary greatly in

the insectary. Forty-three larvae that were kept under observation

during June and July required from 12 to 20 days to develop, 17 days

being the average. No satisfactory reason for this wide difference

can be suggested. Larvae that issued on the same day and which

were apparently kept uiider similar conditions pupated, in some
cases, six days apart. On eggplant grown under cages out of doors

the larval period was completed in 12 days during June.

The larvge are sluggish and occur on both sides of the leaves, in

which they eat more or less circular holes. When the larvae are

young these holes are small in size, but with the growth of the indi-

vidual there is an increase in the quantity of tissue removed.

LENGTH OF PUPAL STAGE.

The pupal period occupied from two to seven days in the insectary

during June and July, though most of the individuals remained in

the pupal stage from four to five days.

LIFE AND HABITS OF ADULTS.

The adults, even during the summer, live for a period of several

weeks. In the insectary one individual, a female, was kept alive

from May 22 to October 9, two months after it had ceased to lay eggs,

and others have Hved for two or three months. The winter months
are undoubtedly passed in the adult stage.

The injury done to the leaves of eggplant (fig. 3) by the adults is

of the same character as that due to the larvae, the feeding of the

beetles producing holes which are somewhat circular in outline.

NUMBER OF EGGS DEPOSITED BY ONE FEMALE.

On July 4, beetles that had issued in rearing cages in the insectary,

none of which had begun to oviposit, were placed together on egg-

plant leaves. The first eggs were noted on Julv 6, when the beetles
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were separated, except for a pair that was fouiid copulating. The
next day it was found that three females of this lot had deposited

eggs, and these individuals were placed on eggplants growing in

flowerpots. One of them was the female with which the male beetle

had been placed and the inpe was kept with the female until the

latter died. Tlie eggs were removed each day and counted. The

FiG. 3.—Young eggplant showing injury Ijy the eggplant tortoise beetle, lleduced. (Original.)

femuh; wiiich was paired with the male completed egg laying sooner

than did the others, although it did not deposit as many eggs as did

one of the Isolated females. Toward the end of the period of oviposi-

tion a few objects, apparently eggs without tlio surrounding mem-
brane, were noted on the Iciaves in the cages with the isolated female

beetles. Larvae failerl to develop from these, however, and they were
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not counted as eggs. The following data have been selected from
the data concerning these three females

:

Table II.

—

Egg-laying records of threefemales of the eggplant tortoise beetle.

Female A. Female B. Female C.

Egg laying begun
Last eggs deposited
Total number of eggs deposited
Greatest number deposited in one day
Average number deposited in a day .

.

July 7

Aug. 16- ..

268
10

7

July 7.

Aug. 26.
269
12
5

July 7.

Aug. 24.

231
11

5

NUMBER OF GENERATIONS.

With a continuous food supply available during the spring, sum-
mer, and fall, it is apparent that several generations, perhaps five^

will develop during this time at Baton Rouge. The minimum life

cycle in the insectary during June can be summed up as follows :
^

Days.

Period from appearance of first adult to date first eggs were laid 9

Length of egg stage 4

Length of larval stage 12

Length of pupal stage 2

Total 27

During the same period the egg and larval stages were completed

in 16 days in outdoor cages, corresponding to the minimum time

required in the insectary. As larvae were observed in the field as

early as May 10 and as late as October 20, there is a strong proba-

bility that, under ideal conditions, there may be five generations in

a year. After the first generation, individuals in all stages are found

in the field at the same time, so that it is hardly possible to determine

the number of generations that develop under natural conditions,

ENEMY.

The only insect enemy of this tortoise beetle that has been found

is an egg parasite which has not been determined as yet. So far as

observed this species, which was first noted at Baton Rouge during

August, destroys only a small percentage of the eggs.

EXPERIMENT WITH ARSENICALS.

During May larvse were causing sufficient injury to small eggplant

at Baton Rouge to warrant the application of poison to the plants,

and an experiment with arsenate of lead and arsenite of zinc was

conducted, the application being made with a compressed-air sprayer.

From this experiment the following summary has been made

:

i Somes (7) foiuid in Missouri that from eggs laid in July a longer period was required for the develop-

ment of a generation.
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Table III.

—

Results of arsenical sprays against the eggplant tortoise beetle.

Treatment.

Number of
larvse on
25 plants
before

spraying.

Number of
larvse
on same
plants 2
days after

spraying.

Number of

larvae
on same
plants 4
days after

spraying.

Sprayed vrith arsenate of lead, powdered, at rate of 1 pound to 50 gal-

85

9.3

14

12

2
Sprayed with ai'senite of zinc, powdered, at rate of 1 pound to 50 gal-
lons of Wfitpr 2

During tliis time there was no apparent decrease in the number of

larrse on unsprayed plants. It is apparent that the larvse can be

controlled satisfactorily by the use of an arsenical which might, at

the same time, serve to lessen the injury caused by other leaf-eating

insects. In transplanting eggplant in sections where this tortoise

beetle is abundant it would be advisable to dip them in some spray

mixture to prevent injury.

SUMMARY.

During 1915 a tortoise beetle (Cassida paUidula Boh.) was found
injuring eggplant and Irish potato at Baton Rouge, La.

This species has hitherto been recorded as feeding on eggplant

and various wild Solanums.^ It is somewhat widely distributed over

the southern United States.

The various stages have been described from life-history studies

carried on at Baton Rouge.

Three females reared in the insectary deposited, respectively, 268,

269, and 231 eggs, one laying as many as 12 in one day, and another

averaging 7 eggs a day.

The minimum hfe cycle in the insectary was found to be 27 days.

Under ideal conditions it is possible that five generations may develop

in the field at Baton Rouge during the spring, summer, and fall.

Only one enemy, an undetermined egg parasite, has been noted.

An experiment with arsenate of lead and arsenite of zinc indicates

that the species can be controlled satisfactorily by the use of

arsenicals.

1 Numerous ohser%'ations have been made of this species and its occurrence on solanaceous plants, many
of which have not been recorded. In 1903, June 12, it was observed at Rivcrview, Md., on wild Solanum.
May 4, WM, it was ob.served by Mr. J. C. Brldwell at Willis, Tex., on Solanum carolincnsc. He also

observed this species on the same plant in Kansas |in earlier years. May S, 1908, and March 31, 1909, Messrs.

McMillan and Marsh observed this species on Solanum elaeagnifolium. Febraai-y 0, 1912, Mr. M. Bcatty
obser^'cd this species on potato and eggplant at New Orleans, La. During Juno, 1915, the species was
obser\'ed on eggplant by Mr. F. 15. Mil I i', en, at Wichita, Kans. We have received specimens from
Kansas City, Mo., and from Agricultural College, MLss., the latter collected by Mr. J. W. Bailey, on egg-

plant.—f. ir. CinTTENDEN
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It is the object of this bulletin to present the results of studies

of the organization of dairy farms, made with special reference to

the economic status of the milking machine. The use of the mechani-

cal milker directly affects farm organization through its bearing

upon the amount and distribution of labor required by the farms.

In general farming labor efficiency is secured by the production of

crops in combination with such other farm enterprises as will pro-

vide a nearly uniform amount of work throughout the year. There

is no constant determining factor as to labor requirements. On the

farm which receives the major part of its income from dairy prod-

ucts, however, the daii-y alone is generally the determining factor.

Any marked saving of labor effected on such a farm must be made
in the production or handling of milk, hence the significance of the

milking machine as a factor in the organization of the dairy farm.

The data upon which this bulletin is based were secured from 109

New York dairy farms, 56 of which were using mechanical milkers,

and fr-om 100 dairy farms in Oliio, Michigan, and Illinois, of which

100 were using milking machines. On the New York farms dairying

Note.—ThlH bulletin In of Interest to dairymen generally,, and especially to those having
h<T<lM of over 15 head of cowk.

;54G9»—Bull. 42.'i—1(
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constituted 90 per cent or more of the total farm business. The
farms studied in Ohio, Michigan, and Illinois devoted considerable

time to general farming as well as to dairying.

FACTS BROUGHT OUT.

The following is a brief summary of the more important facts

developed by this study:

The time saved by the use of the mechanical milker increases with

increase in the size of the herd.

With herds of 15 cows or less the average time required to milk a

cow by hand is a fraction over 7 minutes; by machine a fraction

under 5 minutes.

With herds of over 50 cows it takes slightly under 7 minutes to

milk a cow by hand and but 4.15 minutes by machine.

With herds of over 50 cows one man with a machine milks on the

average about 28 cows per milking as against 17 where the milking

is done by hand.

With increase in the size of the herd the cost per cow of hand
milking changes very little, while the cost per cow of machine milk-

ing decreases rapidly.

With herds of 15 cows or less the average cost of milking per cow
by hand is $10.91 per year as against $10.45 in herds of 50 or more.

With herds of 15 cows or less the average cost of milking per cow
by machine is $11.77 per year as against $7.34 for herds of 50 or over.

Although with the average small herd of 15 cows or less it costs

more per cow to milk by machine than by hand, it does not follow

that the machine is necessarily an unprofitable investment on all

farms on which such small herds are kept. On 32 farms having herds

of 15 cows or less the use of the mechanical milker was found to

effect an annual saving in hired labor of $2.63 per cow through the

dropping of hands who had been kept primarily to do the milking.

SOURCES OF DATA.

As is shown in figure 1, the dairy industry is very widely distrib-

uted over the United States. In its more intensive forms it is, how-
ever, confined to areas which are in close proximity to large cities.

The extent of these areas is determined by the city market, the trans-

portation facilities afforded, and the adaptability of the region to

dairying. Thus we have, for example, New York City, which re-

quires a large supply of fresh milk for daily consumption. In many
sections the rough, hilly country of 'New York and New England is

better adapted to the dairy industry than to other types of farming

(see fig. 2). Transportation facilities have been perfected so as to

enable the shipping of fresh milk from the extreme northern part
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of New York and as far west as the Finger Lake district. In this

entire area all of the above three conditions—market, adaptability of
the area to dairying, and transportation facilities—are present;

hence there has been developed a most intensive form of the market
milk industr3^ Boston may be cited as another city presenting simi-

lar conditions, but on a much smaller scale.

In no other part of the United States do like conditions obtain.

The large cities of the Central West, it is true, offer a large market
for fresh milk, but the natural, topographical, and soil conditions of

the environing farming areas are more or less favorable to crop pro-

duction ; hence we find in these areas a less intensive type of dairying

than we find in the more rugged country about the great cities of the

Fig. 2.—Typical topography of the Eastena dairy farm, where the dairy is the dominant
factor in determining labor requirements.

East. Only in the immediate vicinity of the largest cities of the

Central West is market milk produced intensively. Dairy farms lo-

cated outside of this limited area receive a much smaller proportion
of their income from dairy products than does the average dairy

farm of the East. (See fig. 3.) It is from such farms that much of

the butter and cheese made in the United States comes. The total

value of Iowa's dairy products is great, yet the majority of Iowa
farmers maintain comparatively small herds of dairy cattle. Accord-
ing to the Thirteenth Census, in 1909 this State ranked third in the
production of butter, with Wisconsin first and Minnesota second.

Thus it will be seen that there are two distinct types of dairy
farming in vogue in this country—^the strictly dairy type of the
comparatively rugged Northeastern States and the mixed type which
prevails throughout the dairy regions of the Middle West.
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In order to determine the effect of the milking machine upon the

organization and economic management of the dairy farm in gen-

eral, it "was necessary to secure data from farms of both these types

as Tvell as from farms representative of both the hand and the

mechanical method of milking. Further, it was necessary not only

to select areas which exemplified dairying under different conditions,

but also those in which a comparatively large number of mechanical

milkers was in operation. The data were obtained from 109 New
York dairy farms as representative of the intensive type and from
160 farms in the Central States as representative of the mixed type

of farming. These studies were made by interviewing the dairyman

I-'i^. .,.— lyjjKJui \i)\»))ii-d.{)ny oi Ihe dairy larm of the Middle West, where cuuditious

are more favorable to crop production than on the Eastern dairy farm.

in every case and learning his experience with milking machines.

The studies covered a period of several months during the summer
and autumn of 1915, and the data secured are representative of con-

ditions existing on these farms during the entire year. The dairy-

men interviewed had used the milking machine for periods varying

from one to six years.

AREAS STUDIED.

The areas chosen for this study are located in Delaware, Chenango,

and ChautaiKjua Counties, N. Y. ; Lenawee County, Mich.; Fulton

County, Ohio; and Mcllenry County, 111. Dairying in a very inten-

sive form is practiced in the New York areas. In the Ohio and
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Michigan localities dairying is combined with general farming. In

McHenry County, IlL, the dairy is a more important part of the

farm business than in the Ohio-Michigan area, but it does not

assume as large a proportion of the total farm business as on the

farms studied in the New York counties. All of these localities are

adjacent to large cities, and the bulk of the milk produced is sold to

local creameries, which, in turn, ship much of it in the form of

whole milk to the cities. In each of these localities a considerable

number of the various kinds of mechanical milkers was found.

LABOR REQUIREMENTS OF DAIRY FARMS.

Dairjdng is a type of farming which is very dependent upon labor.

The degree of dependence is governed by the intensity of the dairy

industry on the farm. The strictly dairy farm, the one receiving

nearly its entire income from dairy stock and dairy products, if

operated at full capacity, usually carries as large a dairy herd as

the farm is capable of supporting.

Such a dairy farm, as commonly organized in the North Atlantic

States, often receives from 90 to 95 per cent of its total income from
dairy products and dairy stock. It is divided into fields and pastures

which are so proportioned as to enable the farm to support a nearly

uniform number of dairy animals throughout the year. Under
such a farming system the labor necessary to grow and harvest the

crops is not adequate to care for a herd large enough to consume

them. The number of milking cows kept . is one of the important

factors which determine the labor required on the farm. This is

due to the fact that on the type of dairy farm referred to here the

labor required to milk is greater than that required for the other

farm operations. Milking is conditioned both by time and physical

limitations. It must be done at regular intervals and requires enough

milkers to complete it within certain time limits. It is not ordinarily

possible for one man to milk as many cattle as he can raise and

harvest crops for and otherwise take care of. Under an intensive

system of dairy farming it normally requires three men to milk by
hand a herd which two men are capable of caring for otherwise.

Unless there is some other enterprise which will profitably employ

the extra man's time between milking intervals, there is a loss of

efficiency of the labor on the farm. It is in the adjustment of this

labor problem that the milking machine enters as an important

factor, as a man can milk more cows in a stated time by machine

than by hand. Two men operating mechanical milking units can do

the work of three men milking by hand. In Cornell Bulletin No.

364, " Cost of Producing Milk on 174 Farms in Delaware County,

N. Y.," the author states : "After feed, labor was the most important
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cost factor in the production of milk. Excluding the hauling of

milk, the labor cost represented 18.9 per cent of the total cost."

Tabt.e I.

—

Relation bcticccn man labor employed, crops grown, and stock Jccpt

on far)ns in the areas studied.

FARMS •WITHOUT MILKING MACHINES.

Area.
Number
of farms.

Average
si:e

(acres).

Number
of men

employed
per farm
per year.

Acres of
crops

raised per
farm.

Acres of
crops per
man.

Number
of dairy
cows per
farm.

Number
of dairy-

cows per
man.

_
53
60

191.4
146.7

2.16
2.14

73.8
90.75

34.2
42.4

30.8
20.5

14.3
Michigan-Ohio and Illinois 9.6

FARMS WITH MILKING MACHINES.

New York 56
100

213. 9

166.4
2.12
2. 22

71.4
98.3

33.7
44.3

34.9
23.7

16.5
Michigan-Ohio and Illinois 10.7

As is shown in Table I, the farms studied in the Michigan-Ohio

and Illinois areas have a larger proportion of their total acreage in

crops than those studied in New York. They raise more crops per

man emplo^'ed and keep fewer dairy cow^s. From the standpoint of

the labor thej employ, their organization is much better than that

of the Xew York dairy farm, in that there is much more uniformity

between the help required to care for the herd and that needed to

care for the farm crops. Even upon farms of this type, however,

the milking machine has become important, owing to the scarcity of

dependable farm labor and of good hand milkers.

The use of the mechanical milker did not affect the number of acres

of crops cared for by one man on the farms studied in either the New
York or the Central States areas, but in both of these localities a man
was able to care for and milk more cows on those farms having milk-

ing machines. On the New York farms having mechanical milkers

10.5 cows were kept per man, as against 14.3 cows per man on those

farms wliifh depended upon hand milking. The farms in the Michi-

gan-Ohio and Illinois areas having milking machines kept approxi-

mately one cow more per man employed than those without machines.

The milking machine made it possible to increase the size of the dairy

without increasing the amount of labor needed to care for it.

SIZE OF HERD AND LABOR REQUIREMENTS.

Table II shows that huge dniiy farms recjuire proportionately less

labor to operate them than do farms keeping small herds. The same

fact is brought out in a differ-ent way in Table III, Avhere it is shown

that it requires more time to care for a cow in a small herd than one

in a large herd.
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Table II.

—

Relation betiveen man labor employed, size of dairy herds, and use
of tnechanical milkers.

Number of herds of Number ofmen em- Number of dairy- Number of dairy
each size. ployed per farm. cows per farm. cows per man.

Area and size of herd.
On farms On farms On farms On farms On farms On farms On farms On farms
with without with without with without with without

machines. machines. machines. machines. machines. macMnes. machines. machines.

Michigan-Ohio and
Illinois area:

15 cows or less 26 20 1.68 1.47 12.3 11.35 7.3 7.7
16 to 30 cows 54 34 2.19 ,2.33 22.9 22.8 10.4 9.8
31 to 50 cows 16 6 2.51 3.29 36.4 38.3 14.5 11.6
51 or more cows .

.

13 3.73 55.0 14.7
New York area:

15 cows or less 6 8 1.0 1.51 10.3 12.9 9.95 8.5
16 to 30 cows 18 29 1.59 1.91 21.4 23.1 13.5 12.1
31 to 50 cows 25 10 2.38 2.5 40.6 42.0 17.1 16.8
51 or more cows .

.

26 35 2.66 3.82 68.2 72.0 21.9 18.8

1 One farm in this group peddled milk in town and required extra labor; therefore it was not used in tMs
table.

2 One farm in this group made butter, which raised the labor requirement of th« farm. The report was
not used in this table.

s On a farm in this group only a small proportion of the cows kept were milked . The report was excluded
from this table.

Table II also shows, under the heading " Number of men em-

ployed," that for herds of the same size slightly less labor is

employed on farms where the milking machine is used. This is true

in both New York and the Central States. In both sections those

farms using milking machines kept about two more cows per man.
The column headed "Number of dairy cows per man" refers to the

number of cows kept for each man employed on the farm throughout

the year. It is shown that the farms having larger herds keep more
cows in proportion to the labor employed.

The amount of labor required to care for the herd and the period

of the year when the labor demands are greatest are important fac-

tors in determining the labor available for other farm work. In the

areas which were covered by this study it is the common practice to

maintain the herds on pasture during the growing season, which may
be roughly defined as between May 15 and November 1. During this

period the cows demand little attention other than that required in

getting them up to milk and turning them back to the pasture again,

both night and morning. On most farms they are given supple-

mentaiy feeds during the late summer, but this is usually in the form
of grain which can be fed in a few minutes when the herd is in the

stable. Occasionally some roughage is fed also. This consists mostly

of green corn cut and fed in the pasture lot or stable, which opera-

tion takes considerable extra time. The time taken to feed in the

summer, however, is offset by the fact that in those herds where feed-

ing is practiced the cattle come for their feed at milking time, while

in the case of the herd not fed it is necessary to go after them.

From November 1 to May 15 the cattle are stabled, and during the

period they require considerable attention. In addition to feeding
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the stock the stables and the cattle themselves have to be kept in a

clean and sanitary condition.

Table III shows the time spent during the summer and winter

seasons in the care of the herd. The table also show that there is

proportionately much more labor required per cow to care for the

small herds. In the Xew York area, on farms where hand milking

is practiced, the total time spent annually to care for and milk the

dairy herd was 173.7 hours per cow in the herds of 15 cows and less,

as compared with 118.2 hours per cow in the herds of 51 or more

cows.^

Table III.

—

Hours of man lal>or per year required to care for and milk a coio

in herds of different sizes, and when milked by hand or by a mechanical
milker (hauling to market not included).

Area and size of herd.

Number of

herds of each
size.

On
farms
having
ma-

chines.

On
farms
not

having
ma-

chines

Hoiirs of man labor per cow per year.

Care of cow (milking
excluded).

Total for pas-
ture season. I

On
farms
having
ma-

chines.

On
farms
not

having
ma-

chines.

Total for re-

mainder of

year. 2

On
farms
having
ma-

chines.

On
farms
not

having
ma-

chines.

Milking.

On
farms
having
ma-

chines

On
farms
not

having
ma-

chines.

Total hours
per year.

On
farms
having
ma-

chines.

On
farms
not

having
ma^

chines.

Michigan-Ohio and Illinois

areas:
1.5 cows or less

16 to .30 cows
31 to .jOcows
.51 or more cows

-Vew York area:
15 cows or less

16 to .30 cows
.31 to .50 cows
.51 or more cows

Hours.
18.6
11.6
7.8
15.4

16.0
7.3
7.0
5.7

Hours.
16.9
17.7
5.7

16.0
12.6
7.1
5.6

Hours.
73.75
53.2
46.0
36.6

96.8
46.1
40.7
33.5

Hours.
6.5.6

56.8
49.6

77.7
52.9
52.4
26.3

Hours

.

57.2
53.8
53.5
38.0

65.5
56.1
47.3
39.7

Hours.
92.95
84.5
85.2

80.0
82.0
82.4
86.3

Hours.
149. 55
118.6'

107.3
90.0

178.3
109.5
95.0
78.9

Hours.
175. 45
159.0
140.5

173.7
147.5
141.9
118.2

' Cornell Bulletin No. 364 shows that in Delaware County, N. Y., 20 per cent of all the
lat'or spent in the care of the herd is furnished by the wonien and children of the family.
Proportionately more family lalior is furnished on the smaller farms. The larger dairy
farms are very dependent upon hired labor and it is often found difficult to secure
sufficient help.
Men who are hired by periods of a month or longer are commonly employed in the

care of the dairy and to milk. The average wages paid to this class of labor were very
uniform in all the areas included in the study, and were as follows : In New^ York, .$28 per
month : in Illinois, %2'.i.~>() per month ; and in the Michigan-Ohio area, $28.85 per month.
The unmarried farm worker was furnished with his board, and the married man with a
house, wood, milk, etc. Other investigations carried on by the Office of Farm Management
show that the value of a farm worker's board is approximately $12 per month. The
value of a tenant house, wood, milk, etc., furnished to the piarried farm hand is con-
sidered altout equal to the value of board.
Thf total average v.ilue of wages and board is therefore $40.7!") for all the areas.
There arc 20 working days per month. It is estimated that the dairyman works 12

hours each working day. He also works 4.'. hfnirs on Sunday. This makes a total of 330
hours per month. The cost per hour of bibor figured on this basis is 0.123 cent.

2 The exact dates of stabling cattle in the fall and turning them out to pasture in the
Kpring vary with the season and the practice of the individual dairyman. Cattle ar« cdm-
ruonly stabled from approximately November 1 until May 15, a period of 200 days. The
balance of the year (105 days) they are on pasture.

OcKtiy"—Bull. 42;j—10- -2
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The use of the mechanical milker has little, if any, bearing on the

time required to care for the dairy herd other than that of milking.

When the total time required to care for and milk a cow is considered,

it will be not^d that, with the exception of the herds of 15 cows or

less in the New York area, in all cases a cow on those farms on which
mechanical milkers are used requires fewer hours of labor per year.

This is due to the saving in the time required to milk through the use

of the milking machine.

When a cow is milked by hand more time is required for milking

than for the care and feeding of the cow. As the size of the herd is

increased this difference becomes greater. On the larger dairy

farms using mechanical milkers the time required to milk a cow
nearly equals the time required to feed and care for her. This is

very similar on the New York farms studied, while on the farms

studied in the Ohio, Michigan, and Illinois areas it requires somewhat
less time to milk a cow than to care for and feed her.

THE MILKING MACHINE.

The milking machine had received considerable attention in Aus-

tralia and Xew Zealand prior to its introduction in this country. In

1849 the first United States patent for a mechanical milker was is-

sued, but the development of the milker did not reach the stage where

its efficiency made it an economic factor until within recent years.

The labor problem of the dairy farm has for a long time been a

troublesome one, made so by the large amount of help required to

milk as compared to that needed for the other farm work. This con-

dition, as well as the fact that excessive hand milking is not only

distasteful to many dairymen but also often injurious to halids and

wrists, has created a demand for an efficient and economical mechani-

cal milker. Various State experiment stations have published bulle-

tins treating on the efficiency of certain types of milking machine,

but very little information has been made available which will show

the relative cost of milking with these outfits as compared to hand
milking.

The factors which determine the cost of hand milking are the time

required and the cost of labor. The factors which determine the cost

of milking with the mechanical milker are : Time required to operate,

wages paid to operators, interest on investment in outfit, repairs,

cost of power, and depreciation.

THE TIME FACTOR.

Table lY shows that on the farms keeping 15 cows or less it takes

7.3 minutes to milk a cow by hand and 4.8 minutes to milk a cow with

a mechanical milker. On the farms keeping larger herds it takes
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proportionately less time to milk with mechanical milkers, but where

hand milking is practiced the time required to milk a cow does not

vary appreciably^ with the size of the herd. These facts indicate that

the mechanical milker may be used with more efficiency in the larger

herds than in the smaller ones. The time required to milk, both by

hand and b}^ machine, was figured on the basis of the average time

per milking year for each cow in each herd. In the case of machine

milking this includes the time necessary to clean and care for the

machine. The normal lactation period of a cow is from 9 to 11

months. Therefore the actual time required to milk per milking

may be slightly higher, varying with the length of the lactation

period.

Table IV.- -Timc required per milking, bij machine and by hand, -for herds of
different sizes in areas studied.

Hand milking. Machine milking.

f ize of herd.
Number
of farms.

Number
of milk-
ers per
herd.

Minutes
per

imlking
per cow.

Number
of cows
per

milker.

Number
of farms.

Number
of oper-
ators per
herd.

Minutes
per

milking
per cow.

Number
of cows
per

operator.

15 cows and less

16 to 30 cows
28
63
16
6

1.4
2.4
3.1

4.3

7.3
6.85
6.85
7.1

8.25
9.7
13.3
17.0

32
72
41

11

1.1
1.5
1.9
2.4

4.8
4.45
4.1
3.2

10.6
15 3
20.5

51 cows or more 27.8

Average 113 2.3 6.95 10.8 156 1.6 4.15 17.6

Should most of the milk from the herd be produced during the

.spring and summer season when the other farm work requires a

maximum of attention, the time saved by the use of the milking

machine may be devoted to the raising and harvesting of farm crops,

thus eliminating the need for the extra day labor which is often

hired for this purpose,

A compari.sfjn of the columns "Number of cows per milker" under

the heading "Hand milking" and "Number of cows per operator"

under tlie heading "Milking machine" shows that a man using a

mechanical milker is capal)le of milking more cows than he can milk

In' hand. This advantage becomes important with the increase in

the size of the herd.

Table V shows that on farms where milking machines are used the

average farmer estimates tliat the use of the machine enables

hiru to opei'ato his farm with a saving in wages paid to hired labor.

This saving is partly due to the elimination of day labor.

THE COST FACTORS.

.\s the use of the milking mucliine makes it possible for a man to

milk a greater number of cows, and as very often milking is the
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factor determining the labor requirement, the installation of the

milking machine replaces some of the regularly employed help. The
value of the labor replaced yearly by the mechanical milker varies,

according to estimates made by the dairymen interviewed, from $2.63

per cow in herds of 15 cows or less to $8.33 per cow in herds of more
than 50 cows. There is an addition to the time available for field

work, varying from 1.5 hours of man labor per day on farms keeping

herds of 15 cows or less to 5.1 hours on farms keeping herds of over

50 cows, due to the use of the milking machine. To this may be

attributed, in part, the reduction in labor hired. As previously

mentioned an increase in the time available for field work makes it

possible to do more work with the regular force and often eliminates

the necessity of hiring extra help.

Table V.

—

Saving due to machines in time and in irages paid to hired labor
as estimated by the dairymen intervieived.

Size of herd.

Number of

farms with
herds of each

size.

Farmers' esti-

mate of hours
of working i

time saved by-

use of the
mechanical
milker (per

day, per farm).

Estimated sav-
ing of wages
paid to labor
due to the use
of the milking
machine (per
cow, per yeax).

15 cows or less .

.

16 to 30 cows....
31 to 50 cows. . .

.

51 cows or more

1.5
2.2
3.0
5.1

S2. 63
5.93
4.93
8.33

1 Such time as is saved from milking is available for a man and team. When the laborer leaves his work
to milk, if he is using a team it must be stabled; hence, man and horse time is affected, depending upon the
nature of the work.

Table VI. -Comparative annual costs of hand and machine milking on farms
irith herds of different sizes in the areas studied.

Machine milking. Hand milking.

Size of herd.

Num-
ber of
farms
with
herds
of each
size.

Inter-
est on
invest-
ment
(per
cow).

Value
of gas
and oil

(per
cow).

Cost of

repairs
(per
cow).

Depre-
ciation
(per
cow).

Labor
cost
(per
cow).

Total
cost
(per
cow).

Num-
ber of
farms
with
herds
of each
size.

Labor
cost
(per
cow).

32
72
41
11

$1. 26
.79
.61
.56

SO. 94
.84
.84
.83

$0.20
.20
.25
.36

$1.98
1.00
1.49
1.12

$7.39
7.31
6.03
4.47

$11. 77
10.14
9.22
7.34

2S
63

16

6

$10. 91
10 to 30 cows 10.26
31 to 50 cows 10.11
51 cows or more 10.45

Average 156 .82 .86 .22 1.24 6.79 9.93 113 10.41

The labor cost of milking by hand and by machine milking is

shown in Table VI. Wages are figured at 0.123 cents per hour. The
labor costs conform to the time required to milk by hand and ma-
chine milking as sho^n in Table IV. They remain nearly the same
in herds of various sizes wdien hand milked, but diminish in the
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larger herds when the milking machine is used. Each of these items

will be considered in detail.

INTEREST ON INVESTMENT.

Interest on investment is a widely variable item. When the type

of milker used is the same, the investment charge per cow is much
smaller in the large than the small dairies. This is because a power

plant, piping, etc., have to be installed in the small as well as in the

large dairy, and the difference in the costs of these equipments is

not proportional to the number of cows they serve. There is con-

siderable variation in the costs of the different kinds of mechanical

milking outfits on the market. The comparatively expensive outfits

are more frequently used on the farms having larger dairies ; there-

fore, the investment per cow is not as much smaller in these large

herds as it would appear that it should be.

COST OF POWEE.

The cost of power per cow falls slightly as the number of cows

milked increases. The time consumed per cow is greater in a small

herd than in a large one.

Power for the operation of milking machines is usually furnished

by means of a gasoline engine. It does not ordinarily pay to use an

engine which develops much excess power, as it requires too much
gasoline. '\Miere it is necessary to pump water this is often done

at milking time, and a larger engine may be profitably used to do

the extra work. The cost of power furnished by a gasoline engine

depends on the local prices of gasoline and oil, and the efficiency

with which the engine is operated. Electric motors are sometimes

used as a source of power on farms near large towns where current

from a power line is available. This form of power is sometimes

more expensive, but perhaps is more reliable than gasoline. In

special cases, as, for example, where the herd is large and extra labor

for emergency hand milking not available, it may sometimes be worth

the extra investment incurred to have a second gas engine large

enough to operate the milker, set up in such a manner that in case

of accident to tlie engine regularly used it could be pressed into

service without loss of time.

REPAIRS.

The repair costs seem to he greater per cow for the larger herds.

This is probably due to the fact that with such herds more cows are

milked with a milking unit than with the smaller herds. The repair

costs are largely confined to the rubber tubing and rubber linings of

the teat cups.
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DEPRECIATION.

It is not possible, in view of the short time the mechanical milker

has been in general use, to secure accurate data on the rate of de-

preciation of such machines. Some of the parts, such as the vacuum

tank and the iron piping, should last almost indefinitely. The
jDails, if heavily nickeled or made of nickel alloy or other noncor-

rosive metal, should last for a number of years. The parts most

subject to depreciation, the rubber tubes and teat cup rubbers, are

normally subject to such frecpient renewal that the cost of keeping

them u]D has been included under repair costs. The parts always

subject to a certain amount of wear are the engine, pump, and pul-

sator. Reliable data is at hand to justify the assumption that the

depreciation of the small stationary engine averages not more than

10 per cent per year. Since the pump is much less complicated

than the engine and is not subject, as is the engine, to deterioration

due to excessive heat, it may be assumed that the life of the pump
-is somewhat longer than that of the engine. This leavgs the pul-

sator, the cost of which is not more than 25 per cent of the total cost

of installation, as the only wholly unknown quantity. All things

considered, it has been thought safe to assume that the life of the

outfit as a whole, not counting rubber parts, is slightlj^ longer than

the known life of the engine. Hence 8 per cent per year has been

taken as the rate of depreciation of milking-machine outfits in this

discussion. It should be borne in mind, however, that this figure

is a somewhat arbitrary one, used in this connection only for lack

of any more definite figure and that it applies to the entire outfit,

exclusive of rubber parts. It was felt that the use of even this rough

approximation would tend to make the results of this study more
reliable than they would have been had depreciation been ignored

altogether.

The depreciation charge, like the investment charge, is affected

by the initial cost of the milking outfit. 'Wlien an arbitrary depre-

ciation figure is applied to all outfits the more expensive ones re-

ceive a higher depreciation charge. In actual use, however, the de-

preciation is determined by the initial cost and the length of life

of the machine, with the last factor the more important.

COMPARATIVE COST OF MILKING BY HAND AND BY MACHINE.

As previously stated, the cost of l>and milking is determined by the

time taken to milk and the wages paid to the milkers. In figuring

the cost of milking with the mechanical milker the following items

Avere considered in addition to the labor cost: The interest on the

investment, the fuel expense or cost of power, and the repairs and
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depreciation. The actual cost of milking a cow by the two methods
is shown by Table VL The tables indicate that a cow in a herd of 30

cows or more can be milked more profitably by the mechanical milker

than by hand. In the dairies of 15 cows or less the actual cost of

hand milking is less than b}^ machine milking. Table V, however,

shows that the use of the machine eliminates the hiring of some help

on these farms, as it permits the operator to milk alone a number
of cows which he would require additional labor to milk by hand.

Such a condition is found on farms where the operator has become

physically unfit to milk, because of the weakening of muscles in his

hands and wrists. Some farmers do not like to milk and prefer either

to hire labor for this purpose or keep small dairies. The milking

machine also assures the farmer of being able to do the milking in

case of sickness among his working hands or if any of them should

leave. In this way it makes the dairyman less dependent upon hired

help.

EFFECT ON COWS.

Tests conducted by various State experimental stations show that

practically the same milk yields were secured from cows whether

they were machine milked or hand milked.^ The bulletins reporting

these experiments, however, emphasize the fact that when the me-

chanical milker is successfully operated it must be in the hands of

a competent man, and that stripping after the machine is absolutely

essential if satisfactory results are to be obtained. Information ob-

tained in this study substantiates these statements.

A reasonable amount of care and intelligence must oe exercised

by the operator if good results are to be expected. It is not a good

plan for the operator to attach a milking unit to a cow and go away
while it is in operation. When the milker has drawn all the milk

that will be given freely by the cow it is a saving of time to remove

it and place it on the next cow to be milked. Strippings can be

drawn much more quickly by hand and with less chance of injury

to the cow. Many users of milking machines are of the opinion that

best results are obtained from them if certain of the milking force

are assigned to operate and others strip after the machine. Strip-

ping the cows after the machine is removed not only saves time

but also affords opportunity^ for examining the udder.

In order to ascertain the effect, if any, of the mechanical milkers

on the milking qualities of cows in the dairies where they Avere used,

two questions were asked the dairyman operating them. Following

are these questions, with summaries of the answers received.

» Kentucky Kxp. Sta. Bui. No. 186; Now York Exp. Sta. Bui. No. 317 (Geneva) ; Wiscon-

Bln Kx[>. Sta. Bui. No. 173.
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(1) Has the use of the mechanical milker influenced the produc-

tion of your herd ?

There were 156 answer as follows

:

No difference. Less. More, if anything.

124 16 16

(2) Do you find that the machine has magnified or lessened

sore teats, spider in the teats, garget, milk fever, and other udder

troubles ?

There were 129 answers as follows:

No difference.
Less trouble from More trouble from
udder diseases. udder diseases.

lin 11 S

Thus it appears that the majority of the farmers visited believe

that the milking machine has no effect one way or another in the

general welfare of the herd. These figures are given merely as in-

dicative of the trend of opinion among farmers; they are not to be

taken as conclusive. A conclusive answer to these questions could

be given only after a careful and comprehensive stud3^

EFFECT OF AGE OF COW ON EFFICIENCY OF MACHINE MILKING.

The readiness with which a herd of cows becomes accustomed to the

milking machine depends upon several factors, the most important

of which is the age of the animals. It is the general experience of

farmers that young cows which are broken in to milk with the me-

chanical milker take to it more readily than older ones which have

become accustomed to hand milking. They become used to it in

a shorter time and milk out cleaner than older cows. Many young
cows are difficult to milk b}^ hand on account of their short teats.

Short-teated cows and "hard milkers" are as easily milked by the

machine as any others.

A herd which has been roughiy treated becomes nervous and will

not be broken in to the milking machine as readily as one which has

been handled more gently. Some old cows never will become accus-

tomed to the milking machine so as to be milked satisfactorily by it.

It is best to milk such cows by hand or to sell them. On the other

hand, cows averse to hand milking have been milked with good
results by the mechanical milker.
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STAGE OF LACTATION PERIOD.

When a cow's lactation period has so far advanced that she be-

comes a " stripper '' many farmers think that it is a waste of time to

put the milker on her. Hence it is a common practice to discontinue

using the milking machine on cows that are nearly dry and strip by
hand. In herds where most of the cows become nearly dry at one time

the use of the mechanical milker is often discontinued altogether for

a time until cows enough come in to enable the machine to be oper-

ated economically.

Table YII.—Comparative efficiency of various comMnations of milking tmits
and operators in the operations of mechanical milkers.

Number of operators i and niillking units.

One-cow milker.

Number
of farms.

Minutes
per cow

per
milking.

Two-cow milker.

Number
of farms.

Minutes
per cow

per
milking.

1 operator,
1 operator,
1 operator,
2 operators
2 operators
2 operators
3 operators

1 milker .

.

2 milkers..
3 milkers..

, 2 milkers.

, 3 milkers.

, 4 milkers.

, 3 milkers.

4
3.65
5.25
5.2
4.85
5.3

4.75
3.35

1 The term " Number of operators '

' as used in the above table means the number of men who either oper-
ate the machine or strip.

EFFICIENCY OF MILKING COMBINATIONS.

Of the different kinds of milking machines in common use about

half milk one cow at a time and the other half two cows at a time.

They are called, respectively, one and two unit outfits. Each has

certain advantages.

Table VII was made by averaging the time taken to milk a cow by

the several combinations of milking units and operators most com-

monly used. This table indicates that the greatest speed in milking

is made when one man operates and strips after two double milking

units. • On farms where one man operates and strips after three units

the cows must be stripped hurriedly. Too rapid stripping is not de-

sirable when it is done at the expense of the thoroughness of the

work.

There are various conditions, however, which will determine what

is the best combination to use in milking. The ability of the opera-

tors to chaijge the machines and attend to the cows, the readiness

with which the cows let down their milk, and the time required to

strip, all entor into the determination of the best milking combina-

tion.

WASHI.NfiTO.N : (JOVKK.NME.NT I'lU .\TI .NC OI'FICE : 1916
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bears a strong, sharp spine on each side. In the female the antennae

reach the apex of the abdomen, while in the male the}^ reach a fourth

of an inch or more bej^ond, and the segments are thicker and longer.

The male beetle is illustrated by Plate I.

THE EGG.

The egg is 0.12 to 0.15 inch (from 3 to 4 millimeters) long by about

0.10 inch (2.5 millimeters) thick and is elliptical in shape. The outer

covering is pliable, but very tough, being almost leathery. It is

yellowish or light brown in color.

THE LARVA.

The newl}^ hatched lar^'a is of the usual cerambycid form. In

color it is white with black mouth parts and is much wrinkled. trans-

versely. It is about 0.20 in. (5 millimeters) longby O.OT inch (2 milli-

FlG. 1. -The Cottonwood borer {Plectrodera scalator)

fOrisrinal.

)

Larva, lateral view. Enlarged.

meters) across the widest part, which is just behind the head. Little

change occurs in color during the larval stages, but the length

may increase eleven times and the width five or six times, making
the mature larva nearly twice as long in proportion to its width as

the newly hatched larva. (Fig. 1.)

THE PUPA.

Of five pup8& the average length was 1.40 inches (3.5 centimeters)

and the average width 0.80 inch (2 centimeters). When first formed
the pupa is dull white, but the points soon become dark. The femur

and tibia of each leg are folded against each other and placed trans-

versely on the ventral surface of the body, with the tarsi extending

backward beside the median line. The wingpads are folded ob-
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liquely downward and backward, passing between the body and the

first two pairs of legs, tlie tips extending under the posterior pair of

legs. The antennae curl outward and backward clorsally to the two

anterior pairs of legs, then ventrally and inward nearly to the

median line and forward along the tarsi, where they end with the

apices or tips pointing nearly outward just below the legs. (Fig. 2.)

LIFE HISTORY AND HABITS.

OVIPOSITION.

The female deposits her eggs in the trunks of cottonwoods and
willows at, or a little below, the surface of the ground. A prelimi-

nary examination is made, which,

among very small trees, may in-

clude the bases of several. Wlien

satisfied with her selection, the

female clings securely to the bark

with her head toward the ground,

and by means of her strong jaws

loosens the surface soil. This she

pushes away with her head by
straightening her front legs and
thrusting her body outward from
the tree. In this manner the

soil may be removed to the depth

of half an inch. A hole is then

made in the bark to receive an

egg. In small trees, especially in

cuttings set during the preceding

spring, this hole may extend

through the bark well into the

wood. In any case the bark and
wood are torn to shreds by the strong jaws of the insect, and some
of these shreds usually remain attached to the small round cavity

intended for the egg.

After completing the egg cavity the female turns round and backs
into the excavation, locating the cavity with the tip of her abdomen.
She then secures a firm hold on the bark and remains in this posi-

tion for several minutes, during which time much muscular activity

is evident at the tip of the abdomen. The egg is finally extruded and
pushed firmly into the cavity intended for it. A quantity of a

dark gelatinous sub.stance is deposited around and over the egg, and
the adhering wood fibers are patted into place with the tip of the
abrhirnon. TIk* wound is then covered and the depression usually

Fig. 2.—The Cottonwood borer : Pupa, ven-
tral view. Enlarged. (Original.)
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filled with earth by means of the abdomen, which is carried outward

from the tree and drawn back against it with the tip scraping the

loose soil. All evidence of injury to the tree is often obliterated by

the first succeeding shower. In the instances under observation ovi-

position required about one hour.

After the egg has been covered the female crawls aimlessly about

the tree trunk. Her wanderings usuallj'^ end among the branches,

where copulation may occur, some of the tender leaves may be eaten,

or the female ma}^ take wing from the tip of a branch.

The place of oviposition was discovered in July, 1913, when the

wind blew down cottonwood and willow cuttings in the Forest

Service nursery at Garden City, Kans. The forest supervisor, Mr,

B. E. H. D'Allemand, brought in damaged cuttings to learn the

cause of the injury at the surface of the ground. Field observations

revealed eggs in the Avounds on the sides of the cuttings, and these

eggs were identified as those of the cottonwood borer. Later they

were discovered in trees of all ages, and adults were observed in the

act of oviposition. The cuttings and younger trees were preferred

for egg laying.

In 1913 the injury to cuttings was reported on July 29. At that

time the edges of many of the wounds had healed and many of the

eggs had hatched and the young had worked well into the tree.

About two weeks are required for hatching ; the eggs, therefore, must

have been deposited about July 10. On July 9, 1914, eggs were

found that had been deposited after July 4, as the work was fresh

and the last preceding rain occurred on the latter date. Oviposition

probably extends into September, as adults were numerous on August
22, 1914, and one was found on August 28, 1913. Mr. C. H. Popenoe

collected both sexes at Dodge City, Kans., September 23, 1913. They
were abundant, and several were found in copula.

One female after depositing 2 eggs was found on dissection to

contain 13 others of different sizes, a total of 15; another female

deposited 1 egg and contained 15, a total of 16; a third deposited 1

egg and contained 16, a total of 17; and a fourth contained 23 after

depositing 1, a total of 24. During July of 1914 the average period

of incubation for 14 eggs was 13 days.

DEVELOPMENT OF LARVA.

On hatching, the young larva works out of the egg cavity and

begins to bore in the tender bark just outside of the wood. The
tunnel which it forms is usually filled behind it with excrement and

fine pieces of wood. As cold weather approaches it passes into the

wood, remaining either above or below the ground level. During
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The Cottonwood Borer fPLECTRODERA scalator): Male Beetle, More than
Twice Natural Size. (Original.)
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November, 1913, and January and February, 1914, the larvas that

hatched in 1913 varied in length from 0.70 inch (1.75 cm.) to 1.0

inch (2.5 cm.). B}^ September, 1914, they had grown to 1.20 inches

(3.25 cm.) and 2.0 inches (5 cm.). By the spring of 1915 nearly all

were more than 1.60 inches (4 cm.) long, some reaching 2.20 inches

(5.5 cm.).

During the second winter the larvae occupy large tunnels that

reach from the inside of the bark near the ground level to the bark

several inches below. Both ends of the tunnel are plugged with

excelsiorlike fibers of wood, the larva resting on the lower plug. In

the spring, before transforming to the pupa, the larva cuts through

the bark at the upper end of the tunnel, and plugs the openings

with wood fibers.

TIME AND PLACE OF PUPATION.

In 1914 pupae were secured on June 23. Of the larvae reared from

the 1913 material, one was found as a pupa when examined on July 3,

1915. Another was found as a dead pupa a few days later.

The pupa rests back downward on the fiber plug at the lower end

of the tunnel which was occupied by the larva during the second

winter.
EMERGENCE OF ADULT.

One adult, which was reared from a larva hatched in 1913,

emerged on July 13, 1915. In 1914 adults emerged from 12 screened

trees from July 8 to August 4. However, as noted, eggs were se-

cured that had been deposited about July 4, which indicates that

emergence occurred during the last of June, and one report was
received on June 16 that adults had been seen several days before.

The period of emergence thus computed is about 50 days.

NATURAL ENEMIES.

Several young larvae were foimd dead, overgrown with a fungus.

No instances of parasitism were observed during the investigations.

METHODS OF CONTROL.

The desirability of developing control measures will be under-

stood from a perusal of the following figures. On September 15,

1913, the bases of 10 trees that varied in diameter from 4 to 8

inches were examined for eggs and larvae. The number of eggs,

small larvar;, and large larvae, and of the tunnels that penetrated too

deeply irilo the wood for their extent to be ascertained . ai-e shown
in Table I.
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Table I.

—

Record of damage by the cottonwood borer (Plectrodera scalator) to

10 trees at Garden City, Kans., 1913.

Tree No.—

Total.

1 2 3 4 5 6 7 8 9 10

Eg£;s 2
9

2

5
1

2

4

2
1

6
1

2

10 7 14

2

8

8

6

2

9

1

2
Small larva3 78

4
Tunnels 20

The total of the eggs and small larvae was 80, an average of 8 to a

tree. Such a number of young larvae, nearly all of which were

working in the bark, would seriously check the growth of the tree,

as well as render the tree liable to damage by heavy winds.

PREVENTIVE.

Since the eggs are placed only on the trunks of the trees at

the surface of the ground, infestation is easily prevented by a screen

cone about a foot

high, wrapped about

the base of the

tree and with its

lower edge sunk in

the ground. This
cone should fit the

tree trunk closely at

its top to exclude the

beetles and be set out

at the base an inch

or two to prevent the

eggs from being de-

posited through it.

It can be made by
cutting common win-

dow screen, usually

galvanized netting,

one-fourth to one-

half inch mesh, into

strips about 1 foot

wide and of the
proper length. Each strip is then slit from a third to half way
across from one edge at distances of from 3 to 4 inches, as shown
in the diagram (fig. 3). The screen is then wrapped around the
tree, the lap fastened at its lower end with a nail, pin fashion, and

Fig. 3.—Diagram showing metliod of protecting trunk of

cottonwood against attack by the cottonwood borer. At
left, section of screen ; at right, cottonwood trunk show-
ing screen in position. Reduced. (Original.)
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the lower edge sunk into the ground about an inch. The top

parts of the screen should be pinned to one another with small

brads so as to fit closely about the tree; or they may be held in

place by a piece of binding twine wrapped around them. The same

screen cone will protect a tree for several years if made large

at first; but the screens should be examined during June of each

3^ear, being loosened where too tight and repaired where torn.

REMEDIES.

When the 10 trees were examined in September, 1914, all eggs

and young larvae were removed. (Table I.) Where possible the

large larva3 were also removed, and the number of eggs and larvae

secured from each tree is noted in the table. The tunnels from which,

owing to their depth, the larvae could not be removed were treated

with a small quantity of carbon bisulphid injected from an oil can.

From the 10 trees treated in this manner only five adults emerged
during 1914, whereas from two untreated trees that were screened

eight adults, or an average of four beetles to a tree, emerged. How-
ever, the treatment with carbon bisulphid is of little benefit, as the

larger larvae in tunnels from which they can not be removed have

done, at this stage, nearly all the injury of which they are capable.

The greatest benefit arising from the careful examination of the tree

trunks lies in the removal of the immature borers that are working
in the bark. This work is inexpensive and is entirely practicable

for shade trees.

SUMMARY.

The injury b}' the Cottonwood borer results from the adults ovi-

positing in cuttings and very young trees, the young larvae cutting

the bark and preventing the sap flow, and the larger larvae tunneling

the wood, thus weakening the trees against wind.

The eggs are deposited in the younger trees principally during

July and August. The larvae work in the trees until the second

summer after the eggs hatch, when the adults emerge from about
the middle of June until the 1st of August.

Oviposition in shade trees may be prevented by screening the bases

of the trees. The young larvae can be removed before they injure

the trees severely if the remedial work is done during the first two
weeks of September, but removal of the large larvae from deep tun-

nels often injures the trees mor-e than would the larvae if allowed to

remain and complete their development.

WASinX'/rON : fiOVKIlNMICNT I'ltlNTINd OKlflCE : iniG
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The cut-over district of northern Michigan, Wisconsin, and. Minne-
sota comprises an area of about 80,000,000 acres which is rapidly

being developed into farms. This bulletin is based on data secured

from an analysis of a year's business on 801 farms typical of this area,

an investigation of farm enterprises on 80 of these farms, and a

general study of farm practice in various parts of the district covering

a period of several years. The purpose of these investigations was to

discover the more profitable farm practices and the factors essential

in the development of the region.

SUMMARY.

L In this district net profits increase as tillable area increases.

How to enlarge the tillable area economically is the first and most
important agricultural problem of this region. Under present con-
ditions the clearing of land is expensive, usually costing from |20 to

§60 an acre.

2. A large acreage of unimproved land is likely to prove an
unprofitable! investment unless it can be utilized for wood products or
pasture. If, however, its development into tillabh^ land is possible,

Note.—ThiH bulletin Is iiwued to meet the demand for a publication dealing in a popular manner with tho
essential problemx of thi.s reKlon.

.5.5471 •—Hull. 42.5—16 1
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it offers an opportunity to expand the farm business to the full

capacity of the total farm area.

3. Labor incomes average $118 on the 355 farms that have crop

yields above the average, and minus $5 on the 446 farms that have

crop yields below the average, a difference of $123.

4. With average yield and average price, potatoes furnish a satis-

factory ca,sh crop in practically all parts of the district. Large

acreage, however, is not to be generally recommended on account of

the danger of low prices resulting from local overproduction.

5. Other valuable cash crops adapted to certaui areas are hay,

clover seed, peas, beans, hairy vetch, potatoes, seed corn, oats, rye,

wheat, barley, small fruit, and garden vegetables.

6. Early varieties of corn mature in the southern and central part,

and silage corn can usually be produced over a large portion of the

district.

7. Silos are increasmg rapidly wherever corn can be grown. When
only a few cows are kept, root crops are generally substituted for

silage.

8. As there are few large cities, the demand for truck crops is

somewhat limited in most parts of the district. The weU-managed
farms produce an abundance of home supplies, such as vegetables,

small fruit, mUk, butter, eggs, and meat.

9. Dairying combined with cash crops is financially profitable

when production per cow is high and. crop yields above the average.

10. On dairy farms of all sizes the quality of cows, as indicated by
receipts per cow, is a major factor in determining labor income.

! 11. The production of sheep or beef cattle as a major enterprise,

while not common m the district, is furnishing satisfactory incomes

on a few farms.

12. Hog production may be profitably combined with dairying

where corn matures and on farms where rye, barley, soy beans, or

Canadian field peas can be substituted for corn.

13. On account of the opportunity to use extra labor to advantage

at all seasons of the year, either in lumbering or in clearing land,

seasonal distribution of farm labor has not yet become an important

problem in recently settled sections.

14. A large amount of family labor is available, much of which is

not used to advantage.

15. The crop area per horse is too small for the most profitable

use of labor.

16. Small irregular fields and numerous stumps prevent the most

efficient use of farm machinery.

17. Few farmers in this district are rapidly accumulating wealth,

but, with economy and good management, there is an opportunity

to make a living and a little more.



FARMING OJNT CUT-OVER LANDS.

DESCRIPTION OF THE AREA.

The cut-over district in the northern part of ^lichigan, Wisconsin,

and ^linnesota extends in a broad belt from St. Marys River and

Lake Huron on the east to the Red River Valley on the west. The
shaded portion of the map (fig. 1) shows in a general way the boimd-

aries of this district.

The high price of lumber in recent years has brought about the

destruction of most of the pine forests in this region and has caused

big inroads to be made into the forests of hardwood. Fires have

also played an important part in the destruction of these northern

forests. The harvesting of the crop of timber and its manufacture

into lumber has made a few men very wealthy and for a long time

Pig. 1.—Map showing cut-over district (shaded area) and location of farms studied. Squares show areas

where farm surveys were made and round dots areas where farm practice studies were conducted.

has furnished employment to a large force of laborers at reasonably

good wages.

Strange as it may seem, the lumberman rated the land that pro-

duced this heavy growth of timber as having little or no agricultural

value. Wliile this may be true of some of the swamp land and sandy

belt areas, it is by no means generally true of this extensive cut-over

district. At present prices for farm products the very sandy lands

can not be farmed successfully by the <n^dinary methods now in use

and the swamp lands must be drained before they can add to farm

profits, but a largo perron tage of both these soil types can and will

eventually be brought under successful cultivation.

The soils (fi this region are largely of glacial origin, as the ice sheet

at ^)Me time covered tlie enlire district. Tlioro are large areas of
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swamp lands, especially in northern Minnesota and the northern

peninsula of Michigan. Much of the swamp land is productive when
drained and generally the cost of drainage is not excessive. As is

common in most glacial districts, the soils range from light sand to

very heav^' clay. Tliere is a small percentage of worthless sandy

land that the prospective settler would do well to avoid, and there

are larger areas of light sandy soils that can not produce large crops

mthout fertihzers. Sandy loam and medium loam soils predominate

and these when properly managed produce satisfactory yields of all

crops adapted to the district. Such crops as clover, beans, peas, rye,

vetch, buckwheat, corn, potatoes, root crops, and small fruits do

v/ell on the sandy loam soils. These crops also do well on the heavier

soils, and in addition these richer soils produce satisfactory crops of

timothy, wheat, oats, and barley.

The \\inters in this region are usually long and cold, with st heavy

fall of snow. Ordinarily the summers are short and hot, with ample

rainfall, well distributed. Late frosts in spring and early autumn
frosts hmit the kinds of crops that can be grown, yet early varieties

of corn mature in the southern portion of this belt and make good

silage over a large portion of this area in the average year.

Forest products and rich iron and copper mines have brought the

railroads to almost every part of the region. These enterprises have

also caused the growth in tbis district of many towns of considerable

size and a few comparatively large cities. The railroads and Great

Lakes furnish excellent shipping facilities for agricultural products

and the towns and cities furnish good local markets. Wagon roads

are generally poor, though there is ordinarily good material for road

construction close at hand. Scattered population and lack of funds

have prevented the rapid building of good wagon roads. It is also

true that until recently there has been little in the way of agricul-

tural products to be hauled over the roads, consequently there was
small demand for road improvement. Considering the undeveloped

condition of the country, school advantages generally are very good.

The cut-over district is exceptionally well watered. Many small

streams and lakes are distributed over the region. (See fig. 2.)

Nearly everywhere wells of moderate depth furnish an adequate sup-

ply of first-class water.

TYPE OF FARMING.

In most parts of the cut-over district definite types of farming

have not yet become established. Over a large part of this area

conditions are especially favorable for the development of dairying.

The relatively large acreage and high yields of hay, together with fair

yields of silage corn over much of this section indicate a promising
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future for the dairy type of farming. The survey records indicate

that dairying and hog production, combined with a moderate acreage

of one or two money crops, is proving a satisfactory type of farming

on a large percentage of the farms of tliis region. Mixed farming

rather than a highly specialized type is apparently well adapted

to the majority of farms in this district.

Table 1 shows the average area, capital invested, and income i

of 801 farms in the cut-over district. The average size of these

farms is 108 acres, of which 55.2 acres, or practically one-half,

are tillable and 52.8 acres are nontillable. In addition to aU the

Fig. 2.—In some parts of the region lakes and streams are numerous.

unimproved land that may possibly be brought under cultivation,

the term "nontillable area" as used here includes the nonproduc-
tive lands taken up by farmsteads, roads, streams, timberland, etc.

1 The foUowmg defmitions may be found helpful in studying the tables: &
a. Family labor is the unpaid farm labor furnished by the family, not including the operator's labor.

h. Labor income is the amount left the farmer far his services after all expenses, except the value of his

labor, have been deducted. Family labor, depreciation, and interest on total investment, are included
among these expeases. In addition to labor income, the farmer has his home and what the farm furnishes

directly tov/ard the family living.

In this bulletin interest is figuref] at o per cent.

c. Farm inome is total receipts minus all expenses except the value of the operator's lal)or and interest

on lota) investment; or, farm income is labor income plus interest on total inv^estmenl

.

d. Family labor income is total income minus all expenses except the value of the operator's labm- and
lamily labor; or, family labor income is labor income plus value of family labor.

e. Family income is total income minus all expenses except the value of the operator's labor, family
labor, and interest on total investmeni , or, family income is labor income olus value of family labor, plus
interest on total Investment.
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Table 1.

—

A7^ea, capitalinvested, and income perfarm.

[Average of 801 farms.]

Tillable area acres.

.

55. 2

Nontillable area do 52. 8

Size of farm do 108

Capital invested $6, 856

Family income $559

Family labor income $217

Farm income $391

Labor income $49

The average investment per farm is $6,856, and the family income

$559. Thus, if free of debt, the average family has a home, $559 for

hving expenses, and, in addition, what the farm furnishes toward the

family living. The low labor income of $49 shows that these farms

are not doing well as a business proposition, but the small invest-

ment, coupled with a fair family income, demonstrates that as a rule

those not burdened with heavy debts are in comfortable circum-

stances. A large percentage of the settlers are foreign bom. They
are industrious and economical, and while their income is small,

their expenses are relatively low.

CROPS.

The latitude of this section limits the number of crops that can be
grown successfully as major farm enterprises. From the standpoint

of acreage, hay is of greatest relative importance. This crop occupies

approximately 40 per cent of the total crop area of the farms sur-

veyed. On these farms oats is second in importance, occupying 20

per cent of the total crop area. Corn occupies but 14.6 per cent.

This acreage wiU undoubtedly be increased as earlier varieties are

developed. The State experiment stations and local substations are

doing splendid work along this line. A good proportion of the present

acreage of corn is grown for silage. Potatoes occupy about 9 per

cent of the total crop area, which places this crop next below com
from the standpoint of acreage. There are a number of other crops

grown but these are of minor importance. Table 2 shows the average

acreage of the different crops on the 801 farms surveyed. Figure 3

shows the relative importance of the acreage in each of these crops.

Table 2.

—

Percentage of crop area devoted to each crop.

[Average of 801 farms.]

Crop. Acres. Per cent. Crop. Acres. Percent.

Com 7.0
4.3
1.5
2.1
9.7
.5
.6

19.2

14.6
8.9
3.2
4.4
20.2
1.0
1.2

39.9

Peas 0.6
1.1

.1

1.2

.2

1.2
Potatoes Beans

Roots
Fmit
Truck

Total

2.3
Wheat .2
Rye 2.5
Oats... .4

Buckwheat 48.1 100.0
Hay
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These results should not be taken to mean that the present acreages

of crops represent an ideal cropping system for this region. While all

these crops are commonly grown in this section there is probably no

one farm that ever produces all of them. While hay and potatoes

are two of the leading money crops, these crops are not grown exten-

sively on every farm. Of these crops hay covers the largest acreage,

but the selling of this crop is by no means a universal practice.

LIVE STOCK.

While some live stock is kept on nearly every farm, this industry

has not reached its full state of development in the region as a whole.

Aside from dairying, comparatively few farms are devoted exclusively

to live-stock enterprises. The average of all farms surveyed shows

about 1-1 animal units ^ per farm. Table 3 gives the average number

CROPS ACRES
2 4. 6 6 10 12 14 16 18

HAY
OATS

CORN
POTATOES
BYE

^^^m^^B1^^^ i^^i^ ^^HBB BES
™"™~

^^^B """""' nQBii
^^^m I^IB^HI 1

I^Bl
WHEAT i
FRUIT

BEANS

PEAS

BUCKWHEAT

BARLEY

TRUCK 1

ROOTS _l
Fig. 3.—Acres of crops per farm. (Average of 801 farms in northern Michigan, Wisconsin,and Minnesota.)

of animal units per farm and the percentage of each class. Figure 4

shows the relative importance of each class of live stock.

Table 3.

—

Xumher and percentage of animal units of each class.

[Average of 801 farms.]

Kind of animal.

Tf&iry co^.'s..

Young cattle.

Bulls
Steers
Workhorses.
Colts

Animal units.

Number. Per cent.

5.8
2.9
.3

.6
2.7
.2

41.1
20.6
2.1
4.2
19.1
1.4

Kind of animal.

Sheep...
Uofis....
J^oultry

.

Total.

Animal units.

Number. Per cent

0.3
.8

.5

2.1
5.8
3.6

' An "animal luiit" is the efi'iivalenl, from the standpoint of feed required, of a full-grown cow or horse.
It is customary to count as an animal unit 2 he'id of youn<; cattle or colts, 5 hogs, 10 pigs, 7 sheep, 14 lambs,
or 100 poultry.
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As shown in Table 3, cows represent 41 per cent of the total number
of animal units, and together with young stock and bulls, comprise

over 63 per cent of all the lire stock. This gives some idea of the

extent of dairying in the district as compared with other live-stock

enterprises.

The sheep business and beef-cattle industry, though relatively

miimportant, are financiaUy successful when well managed. To be

highly successful these industries require considerable capital and a

thorough knowledge of the business. In both types of farming labor

costs are relatively low. On the farms tabulated, steers constituted

4.2 per cent of the total animal units and sheep 2.1 per cent. A study

was also made of a few selected typical sheep and beef-cattie farms.

These farms had the advantage of large acreage and considerable

capital. The labor incomes were very good. The average farmer in

this district hc.s not sufficient capital to buy enough animals or to

control enough suit-

able land for beef cat-

tle or sheep farming.

Unless he can furnish

winter feed he is com-

pelled, regardless of

price, to buy his live

stock in the spring

and sell in the fall.

This tends to make the

business speculative

for the man of moder-

ate means. Brieflv

ENTERPRISE ANIMAL UNITS
1 2 3 4 S

DAIRY cows

YOUNG CATTLE

BULLS

STEERS

WORK HORSES

COLTS

SHEEP

HOGS

POULTRY

_^ _^^__

HBH ^^^

B
J^BBHSB flHHV8

D

FlG.4.- -Animal units per farm. (Average of 801 farms in norhtem
Michigan, Wisconsin, and Minnesota.)

ate means
stated, the requirements for success in the production of beef and

mutton on a large scale in this territory are plenty of feed and water,

sufficient capital, and a knowledge of how and when to buy and sell.

Though there are not many exclusively sheep or beef-cattle farms

in the district, it is not unusual to find such animals kept in small

numbers at a profit. They help to utilize unimproved land. The
sheep, especially, are of considerable importance in connection with

the clearing of new land. (See fig. 5.) On the average farm in the cut-

over district both these enterprises are at present very much limited

through lack of winter feed.

The crops that can be grown successfully in this district are well

adapted to the production of hogs of the bacon type. At present

hogs constitute only 5.8 per cent of the animal units on each farm,

but as larger acreages of corn, rye, barley, clover, alfalfa, soy beans,

and Canadian field peas are grown more hogs can be produced at a
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profit. A good practice is to pasture hogs all summer on clover or

alfalfa, then fatten them on corn, rye, or barley. The climate and

the heavier soils are especially adapted to the production of barley.

Some poultry is kept on practically every farm, but there are few

large poultry farms in the district. A small flock is maintained at

little expense and furnishes eggs and meat for the family.

There are 2.7 work horses per farm, an average tillable area of

55.2 acres, and an average crop area of 49 acres. This is less than

21 tillable acres and about 18 crop acres per horse. The horses

could cultivate more land profitably. At present, however, they are

used in clearmg and in breaking new land, and during the winter

months they are frequently employed in the lumber woods.

.-.rrTw.^'*^

jiUMkkt wm m^^MeCoo*.* -^^^VHHHH
,t

.;, k ^ ,

'*..

'';.^^"

"

'^1-t
«'

J

^^^.HWiaiiranE^^HV. )

J-'iG. .:.—In some sections sheep are valuable in utilizing pasture and for destroying second-gi'owth sprouts.

RELATION BETWEEN INCOME AND TILLABLE AREA.

That there is a definite relation in this district between income and
acreage under cultivation is clearly shown in Table 4.

Table 4.

—

Income as affected by tillable area.

[Averaro of 801 farms.]

'I'iUaMe area per farm.
Farms

in
group.

TiU-
alile

area.

Size of
farm.

Capital.
Family
income.

Family
labor

income.

Farm
income.

Labor
Income.

20 acres or less

20.1 to 40 acres
50

216
2.J7

151
.54

4;i

20

Acres.
1.5. 5
.31.6

.50.

2

m.H
88.9

11.5.1

179.5

Acres.
60
77
107
124
118
109
254

S3, 59.3

5,011
6,620
7,707
9,488
11,099
17,872

$21.3

339
533
622
939

1,179
1,.580

$33
89

203
237
467
626
693

$62
194
377
437
667

1,010
1,388

-$118
- 50

47
52

195
403
495

10.1 to 60 acres
60.1 to 80 acres
80. 1 to 1 00 acres
100.1 to 140 acres
Over 1 40 acres

Total and average of all farms .

.

801 5.5.2 108 6,856 559 217 391 49

55471°- IJu'.l. 42.'5—16-



10 BULLETIIS^ 425, U. S. DEPAETMEXT OF AGRICULTURE.

In this table the farms are classified on the basis of tillable area.

In a region like this, having a very large percentage of unimproved-

land, it is better to measure size of business in tillable area than in

total area. Family income, family labor income, farm income, and

labor income are also shown in the table. These incomes increase

m direct ratio to the increase in tillable area. The 50 farms in the

first group with an average tillable area of 15.5 acres have an average

labor income of minus SI 18 and an average family income of $213.

These incomes constantly increase with each group until m the last,

with an average tillable area of 179.5 acres, the average labor income

is $495 and the average family income $1,586.

The average amount of capital invested in the first group is $3,593

and in the last group $17,872. The average total investment for

the 801 farms is $6,856. As compared with some areas studied in

other parts of the country, the average incomes are not large, but it

must be remembered that the average investment is small. These

figures show what is being done with small capital and small clear-

ings, and indicate what may be done with more capital and with

larger acreage under cultivation.

SIZE OF FARM.

All these groups, except possibly the last, contain enough farms

to warrant the drawing of definite conclusions as to the relation

existing between income and size of business as measured by tillable

area. The 'little farm well tilled'' may succeed, and frequently

does succeed ia this area, but the prospects are brighter for the

larger farm if that larger farm has sufficient area under cultivation.

Among the records there are those of quite a number of farms having

satisfactory labor incomes on less than 40 acres of cleared land, but

these farms have rich soU, exceptionally good livestock, and, as a

rule, a considerable acreage of woods pasture. A family engaged m
general farming may make a fair living on a farm with 40 acres

under cultivation and should be able to make money with 80 to

160 acres under cultivation. The rapid enlargement of the culti-

vated area on each farm, when it can be done economically, is the

first and most important agricultural problem in this district and

the one that has the widest and most general application.

How large the farm should be in this region will depend much on

the farmer's resources. The average farm in the third group with

50.2 tillable acres produces a family income of $533. If the farm

is free of debt, a,ll of this money is available for the family livmg,

but if family labor and interest are deducted, the farmer has only

$47 left to pay him for his year's work. The next group of farms,

with an average of 68.8 acres under cidtivation, gives results only a

little better. The following group, having a tillable area between
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80.1 and 100 acres, with an average of 88.9 acres, gives much better

results. In this group the farmer receives $195 a year for his labor,

and the farmer and his family receive $467 a year for their labor.

If free of debt, they have a family income of $939 on which to live.

While there are individual farms of all sizes that are financially

successful, this is the first group of farms in the series that has large

enough area under cultivation to produce satisfactory average

incomes. The next group with greater tillable area shows larger

net returns, and the last group has an average tillable area of 179.5

acres, a labor income of $495 and a family income of $1,586. These

would be considered very satisfactory incomes for any agricultural

section of the country. None of the farms studied in this district

was too large in tillable acres. Briefly stated, the figures show that

for the northern cut-over district a farm with 50 acres of rich land

under cultivation usually produces a good living for a family of

average size, and that 90 acres of rich land under cultivation is a

fair foundation for business success.

Figure 6 shows in graphic form the data given in Table 2.

The curves show that the incomes advance about in proportion to

the increase of tillable area, except that the incomes advance very

slowly as the cultivated area is increased from 50 to 70 acres. The
slow gam m income at that stage is doubtless due to the fact that

there is a transition period between the small farm and the large

farm where labor and equipment are used less efficiently than on farms

that are either below or above that size.

UNIMPROVED LAND.

Some of the more important problems of the cut-oTer district are

in connection with the utilization and development of the unim-

proved farm area. Table 1 shows that the average size of farm in

the district is 108 acres and that approximately one-half this area

is tillable and about one-half is nontiUable. Table 4 shows that the

group of farms having less than 40 acres tillable made minus labor

incomes and only the gi-oups havmg 80 acres or more of tillable land

made a labor income above $100. This table further shows that in

the first group the average farm area is only 60 acres, about one-half

of which is tillable. The second group has an average farm area of

77 acres with less than one-half tillable. Both these groups made
minus labor incomes. These figures bring out the fact that more
of the unimproved farm area should bo brought under cultivation.

Indeed this is the most logical way of increasing the farm business

since it not only increases the earning capacity of the farm but at

the same time cuts down the burden of unimproved land the farm
must carry.



12 BULLETIN 425, U. S. DEPAETMEFT OF AGEICULTUEE.

After deducting from 5 to 10 per cent of the farm area for land
taken up by woodland, building lots, roads, and streams, practically

20 per cent of the farm area in the first group of farms is unim-
proved. The percentage of unimproved land gradually increases

throughout the different groups to practically 60 per cent in the last

two groups. The chief expense of carrying this unimproved land
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Fig. 6.—Relation of tillable area to income. (Average of 801 farms in noi'thern Michigan, Wisconsin, and
Minnesota.)

consists of taxes and interest. In figuring profits from a business
standpoint, interest on the investment in land must be considered.
The wisdom of owning a large acreage of unimproved land depends

largely on the prospect of future advance in price of land and the
rapidity with which such land can be developed. Wherever possible
unimproved land should be made to yield some returns. On many
of these farms some income can be derived from the sale of lumber,
wood, and fence posts. In this way these lands furnish profitable

employment durmg the winter season. As fast as possible unim-
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proved land should be put uito condition to grow grass and should

be used i^s nastui'e for hre stock.

LAND CLEARING.!

A large part of tlie nontiUable land in this district is covered with

large stumps. Clearing is difficult and requires much heavy work
and considerable capital. In order to develop this country rapidly,

more farmers with capital are needed. To the settler with small

capital the clearmg of land will necessarily be slow but not impos-

sible. Ordinarily the cost of clearing land ranges from $20 to $60

per acre, dependmg mamly on the kind, condition, number, and size

cf stumps; the acreage to be cleared; the amount of wood and brush

-A stump-land pasture. Seeding the land to grass and pasturing for several years lessens the cost

of clearing.

that must be removed or burned; and the quality and condition of

the soil. A part of this cost may frequently be offset through the

sale of wood products. Small stumps when numerous are most eco-

nomically removed by means of stump j^ullers, and larger ones by
the use of dynamite or a combmation of the two methods. Ordi-

narily the cost of removing stumps ranges from 20 to 75 cents per

stump. Stumps of all kinds are much more easily removed if con-

siderable time has elapsed since the timber was cut. (See fig. 7.)

Most varieties of hardwood stumps decay in a short time, but

white and Norway pine stumps remain comparatively sound for

many years. For this reason hardwood lauds, other things being

equal, are more in demand. It is important in all cases to make sure

that the quality of land justifies the expense of clearing.

' For flr;tail(!d infornmtion conoeminR land flouring see tlio following 1)iilletins: U. S. Department of

A(?rlcii)tnr« liiilletin No. 91, entlllwl "Cost and .Methods of Clearing Land in the Lake States;" Minnesota

Experiment .Station IJulletin .\'o. I'M, ontillerl " Land Clearing;" and Wisconsin Kxperimont Station Bul-

letin No. 2Ui, entitled ' I'hc of Kxploslves in Clearing Land."
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FAMILY INCOME.

From the standpoint of economic well-being the family income is

the item of greatest importance in the operation of the farms in the

cut-over district. In computing labor income the value of the

family labor is properly considered an expense and is charged against

the farm, but labor income is merely a measure of the success of

the business management of the farm, while family income is the real

measure of the resources available each year to meet all obligations.

If the farm is free of debt, the entire family income is available to

the farmer and his family to meet the expense of living and to get

ahead. In addition they have a home and what the farm furnishes

toward the family living. Table 5 classifies these farms on the basis

of family income.

Table 5.

—

Farms classified on basis offamily income.

[Average of 801 farms.]

Less than 0. to S?300. S301to$500.
$501 to
SI,000.

SI,001 or
more.

Family innomfi -S140
46
6

?162
216
26

$397
1S3
23

$710
231
29

$1,457
125
16

This table shows that only 6 per cent of the farms failed to make
incomes above farm expenses. A study of the records of the farms

with mijius family incomes gave evidence that at least some of these

families have small incomes from outside sources. Of the 801 farms,

16 per cent produced a family income above $1,000; 29 per cent,

$501 to $1,000; and 23 per cent, from $301 to $500.

LABOR INCOME.

For the year 1914, 3 per cent of the farms surveyed made an aver-

age labor income of $1,450, 9 per cent $700, 11 per cent $398, and

28 per cent $134. The following table shows that 51 per cent of the

801 farms studied made plus labor incomes.

Table 6.

—

Farms classified on basis of labor iyicome.

[Average of SOI farms.]

Less than 0. to $300. $301 to $500.
$501 to

$1,000.

$1,001 or
more.

Labor income. -$2S0
395
49

$134
922

Is

$398
88
11

$700
72
9

$1,450
24Nnmhftr of farms

Percentage of farms . 3

These figures were secured for the crop year 1914, The year was
somewhat abnormal in the small price received for potatoes, and in

some of the areas studied the yield of oats was quite low because of



J-AEMING ON" CUT-OVER LANDS. 15

rust. To offset this the corn and hay crops were generally good, the

hay crop bemg exceptionally good in some parts of the district. A
limited number of records taken for the years 1913 and 1915 indicate

that these labor incomes are only slightly below normal.

From a strictly business point of view these farms do not appear

to be successful, but they furnish a home for the family and offer

an opportmiity to earn a living. The owners, however, should not

be satisfied with their present conditions, and indeed most of them
are not.

QUALITY OF COWS AND LABOR INCOME.

Tlie uifluence of quality of cows on labor income can be satisfac-

torily studied only on farms on which dairying is a leading enterprise.

For tliis reason Table 7 includes only farms that have 40 per cent

or more of the gross mcome from the sale of dairy products.

Table 7.

—

Income on dairy farms as affected by quality of cows .^

[Average of 164 farms.]

Income Num-
Num-
ber of

Aver- In- Family Family
labor
in-

come.

Farm Labor
Group and tillable area.

1

per
cow.

ber of

farms.
covrs
per

farm.

age
tillable

area.

come
per
cow.

in-

come.
ia-

come.
in-

come.

Acres.
Less 34 6.2 26.4 $33. 7 S1S3. -$71.9 -$9.

9

-$264. 8
than

Group A, less than40 acres

.

$50.

?uO or 26 7.2 28.7 65.5 504.3 204.8 330.1 30.6
more.
Less 34 9.7 53.5 36.5 315.7 - 34.4 81.4 - 268.7
than

Group Bj 40to 80 acres .S50.

: SoO or 56 9.8 57.1 72.0 771.2 346. 8 546.5 122.1
more.

1 Less
than

None.
1

Group C , 80 acres or more. .

.

SoO.

S50 or 14 18.4 124.8 86.1 1,487.8 66S.0 1,095.8 276.0

•
1

more.

In order to eliminate the influence of size of business, the farms are

first grouped according to tillable area. Each group is then sub-

divided on the basis of income per cow. In each group the first

subdivision includes all farms having less than $50 income per cow,

and the second subdivision includes all farms on which the income

per cow is SoO or more.

Group A contains farms having a cultivated area not to exceed

40 acres. In this group the farms having poor cows have practi-

cally the same number of cows and the samc^, acreage under cul-

tivation as the farms having the better grade of cows. This elimi-

nates sizf; of })usiness as m(!asured in num}>er of cows and tillabh?

area. In a similar way the iriflu(^nce of size of business is miiiimiz(>(l

in groups B and C.

' As thft term la u«ofl in this bulletin, a dairy f:vrm i.s one that derives at least 40 per cent of il s nxioipls

from the salfl of dairy prcxlucls and not that much from any other one enterprise.
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In group A the average family incoine on the 26 farms having the

better class of cows is $504, or almost three times the average family

income of the other 34 farms. Undoubtedly the farmers who kept

the higher quahty of cows were also better farmers than the average

in other respects, yet it is fair to conclude that as dairying is a major

enterprise on each of these farms the quality of the cows has much to

do with producing the larger incomes.

In group B the 56 farms having the better cows have an average

family income of S771, or about two and one-half times that of the

34 farms having the less productive cows. As compared with group

A, a much larger percentage of the farms in this group have the better

grade of cows. The ability of these farmers to ehminate the less

productive cows is largely due to better financial circumstances.

The larger average cultivated area as compared with group A indi-

cates that these are generally better developed farms than those in

group A. The selection of cows has, therefore, in most cases probably

covered a longer period.

Group C contains no farms on which the average income per cow
is less than S50. As compared with the farms having the better

grade of cows in group B, the farms in group C are more than twice

as large in cultivated acres, have about twice the number of cows,

larger receipts per cow, almost twice the family income, and more
than twice the labor income per farm. These increased incomes

are therefore apparently due to a combination of three major factors:

Tillable area, number of cows, and quality of cows. In groups A
and B, however, all these major factors are eliminated, except quality

of cows, and the larger incomes may be attributed very largely to the

influence of quality alone.

The average value of cows on the 801 farms included in the survey

is $57.11, and the average value of milk products per cow is $58.04.

This estimate of milk products includes what the dairy furnishes the

family as well as milk products sold. Such a low return yields little

if any profit. With so small an area under cultivation as is found
on most farms in this district, crops should be fed to better cows.

The need of more and better cows is generally recognized by farmers

and business men in all parts of the district. Many of the farmers

are recent settlers and not well supplied with working capital; it is

therefore not an easy matter for them to pay for first-class cows.

Kjiowing that successful agriculture is necessary to the permanent
prosperity of nearly all lines of business in this district, the city

business men in some sections are helping the far-mers to raise money
with which to purchase good dairy stock. The necessary capital

is obtained from the banks, and security is guaranteed by the business

men who in turn take their security on the stock purchased. Prin-

cipal and a moderate rate of interest are paid monthly out of the
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receipts from the sale of dairy products. This plan, known from its

place of origin as the '^Ashland Plan," is attended with some risk to

those who guarantee the loans, but in most instances it appears to

have met with considerable success. When well managed, it has

helped materially to improve the quality of the dairy cattle.

As the country develops, more money will become available for

the improvement of dairy herds. This improvement could be greatly

hastened now at moderate expense by securing better bulls. Some
owners of dairy farms in this district keep first-class cows. These

men are making monej^. On a few such farms the herd bulls are

of excellent quality and breeding. For this district probably the

next most important problem after increasing tillable area is the

securmg of more and better cows. (See fig. 8.)

Fig. S.—Dairy herd on pasture in cut-over district.

INFLUENCE OF CROP YIELDS ON LABOR INCOME.

Table 8 shows the relation existing between crop yields and in-

comes. The family income is $193 higher, and the labor income

SI 23 higher on the 355 farms that have crop yields above the average

than on the other 446 farms.

Table 8.

—

Income cs affected by crop yields.

[.VveragR of HOI farms.]

Rantre of crop yields
(percent).'

Number ^^L^tF^
ofrarm.s. ^J^g

1

Farm
area.

Crop
area.

Family
income.

Family
labor'

income.

Farm
income.

Labor
income.

Atwve 100
100 or less

Per cent.

355 119
446 S3

Acten.

107.8
107.6

Acres.
49.30
48.77

mm
473

!B292

l.'-.O

$491
312

Sll.S

Dlf/ercnce M .2 . 53 193 136 179 123

t:..\
' .\vcrage ylold.'j'of all farms taken as 100 per cent.
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There appears to be no relation between crop yields and crop area^

as crop area is practically the same for each group. The larger yields

were not due to commercial fertihzers, as practically none are used

in this district.

These yields were doubtless brought about in large part through

richer soil, more carefully selected seed, and better cultural methods.

Whatever the cause, the fact is evident that large crop yields greatly

increase the farmer^s income. (See fig. 9.)

CROPPING SYSTEMS AND ROTATIONS.

In the more recently settled sections of the cut-over district the

cropping systems vary greatly. On the newer farms there is often

no definite crop rotation, but quite definite rotations well adapted

to the district are common on the more successful of the older farms.

Fig. 9.—Good crop yields are maintained on well-developed live-stock farms.

The most desirable as well as the most common rotation of this

district consists largely of grain, legumes, and intertilled crops.

These crops are usually grown in a three or a four year rotation, as

follows:

Three-year rotation. Four-year rotation.

First year...
Second year.
Third year .

.

Fourth year.

Grain
Hay
Intertilled crops.

Grain.
Hay.
Hay or pasture.
Intertilled crops.

In case of an abundance of pasture on undeveloped land, the three-

year rotation is in general use.

With either of these rotations as a foundation, opportunity is

offered for considerable variation in the choice of crops. For example,

the small-grain crop may consist of oats, wheat, rye, or barley; the

hay crop usually consists of clover and timothy; and the intertilled
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crop may include corn^ potatoes, and the various root crops. Among
the many other crops that are successfully gro^vn, the following may
be mentioned; Alfalfa, sweet clover, oats and peas, peas, beans,

soy beans, hairy vetch, buck^vheat, and millet.^

POTATOES.

Potatoes are a leading money crop on many farms, and practically

every farm m the district produces enough for home use. They do

exceptionally weU when planted on a fertile loam. They do not

ordinarily yield so well on compact clay or light sand, but potatoes

grown on sandy soils are generally of excellent quaUty.

The cost of raising potatoes m this district is comparatively low, as

commercial fertilizers are seldom used. Yields are greatly increased

W mi - 1 "
V

Fig. 10.—Potatoes on cut-over land. A moderate acreage of potatoes is generally a satisfactory cash crop.

by the use of barnyard manure. The application of 10 tons of barn-

yard manure per acre often doubles the yield. Potato growmg
combines well with dairying and furnishes an excellent opportunity to

turn the manure of the dairy herd into a direct profit. (See fig. 10.)

CORN.

Early varieties of corn yield well in the southern part of this

district and make good silage in a considerable portion of the area.

Varieties especially adapted to the various parts of the district have
been d(!velop(!d by the Stat(; experiment stations and by the local

8ubstati(jns. In many parts (jf the district the value of a silo to a

farm depends largely upon the number of cows kept and the success

> Wisconsin Experiment Station JJulletin No. 260, "First Aid to the Settler."
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with which corn can be grown on that farm during a series of years.

Root crops are used as a substitute for silage on many of the farms

studied.
CLOVER.

Clover does exceptionally well in practically all parts of this region.

Good yields are ordinarily secured without the aid of artificial inocu-

lation or lime. Clover or clover and timothy are the most popular

hay crops grown in this section. Medium red clover yields two crops

in one season. The first crop is cut for hay and the second either for

hay or for seed.^ Two tons of hay from the first cutting and one

from the second is a common yield, and it is not at all uncommon
for clover seed to yield two bushels per acre. The clover-seed crop

is somewhat uncertain, but in case it does not promise a fair yield

of seed, by careful observation the farmer can usually determine this

in time to cut the crop for hay.

ALFALFA.

Alfalfa can be grown successfully in nearly all parts of the region,

but certain requirements are usually essential. Drainage, manure,

a deep, compact, clean seed bed, lime, inoculation, and good seed

insure a stand of alfalfa on the average soil of this district in any
ordinary year. Alfalfa yields more hay per acre than clover, but it

does not fit so vv'ell into existing rotations.

SWEET CLOVER.

Sweet clover is still in the experimental stage in this region, but is

yielding satisfactory returns on a few farms. Soil preparation for

sweet clover is about the same as for alfalfa. For hay and pasture

it is less palatable than alfalfa. It seeds heavily, and the high price

of the seed makes it a good cash crop. Sweet clover inoculates and

in other ways prepares the soil for ahalfa.

HAIRY VETCH.

Hairy vetch is still in the experimental stage in this district. It

is usually grown with winter rye. When sown late in the fall it some-

times winter-kills badly, but a good stand yields well and the seed

usually sells at a high price. The crop is grown for seed, for hay,

and for soil improvement. The common fanning mill does not sepa-

rate vetch seed from rye, but there is a gravity spiral machine now
on the market that makes a very complete separation.

CASH CROPS.

The following are good cash crops for this district: Potatoes for

seed or market, hay, clover seed, peas, beans, hairy vetch, seed corn,

rye, wheat, barley, and buckwheat. Limited amounts of small fruits

1 U. S. Department of Agriculture Farmers' Bulletin No. 323, "Clover Farming on the Sandy Jack Pine

lands of the North."
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and vegetables may be grown profitably where satisfactory markets

are available. Of these, potatoes are most commonly grown as a

cash crop. Tliis is perhaps as it should be, because while their heavy
^'ield uses much plant food, and they vary greatly in price, they are a

comparatively certain crop and the yield in this section is generally

satisfactory. In selUng the seed of the legumes enumerated above,

and of seed corn, soil fertility is usually sold at so high a price that

the practice can safely bo recommended. The selling of rye, wheat,

and buckwheat on the general market is a practice, however, that

should not be long continued without considering its effect on soil

fertility. Hay is an important cash crop in certain sections of the

region. While the practice of selling hay is undoubtedly yielding

fair returns on many fertile farms in the cut-over district, here also

care should be taken to see that the question of soil fertility is not

being overlooked in the desire to increase present iiicome,

EFFICIENCY AND DISTRIBUTION OF LABOR.

The rapid development of this northern country requires much heavy

work. As farms become more improved the efhciency of field labor

will increase. The labor on crops is now at a disadvantage on account

of stumps and small irregular fields. In clearing land, horses and

dynamite should take the place of man labor wherever practicable.

One very efficient fanner, who has cleared quite a large Wisconsin

farm, remarked: "In clearing land I do nothing I can make my horses

do, and I make my horses do nothing that nature, if left to herself for

a year or two, will do."

On a majority of the farms there is so httle land under cultivation

that the question of seasonable distribution of the labor among the

various farm enterprises is still of minor importance. The opportu-

nity to work in the woods for wages and to clear land on the home
farm will for some time to come offer ample opportunity in the way
of work for both men and horses at all periods of the year. Such
work as the handling of timber and the clearing of land is very diffi-

cult and the pay comparatively smaU, yet when this work is done

for wages it furnishes a living to the new settler until he gets enough

land cleared to support his family from the income of the farm.

HOME AND FARM SUPPLIES.

A study of the farms of this district emphasizes the importance of

producing homo supplies. Vegetables and small fruit for home use

can he, and in most cases are, produced in abundance. Close to the

citifis and larger villages some income may bo secured from the sale

of such crops, but generally it pays to produce only as nnicli of these

as can bo used at home. The typical farm in this district furnishes
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milk, butter, eggs, meat, vegetables, and small fruit for home use and
sells one or more of these products. On nearly every farm there is

an abundance of firewood and plenty of good timber for fence posts.

Lumber, stone, sand, and gravel needed in the construction of farm
buildings can usually be secured on the farm or in the immediate
vicinity. As a rule the farmers of this district are very quick to rec-

ognize the advantages to be secured by reducing the living and farm
expenses to the mmimum.

COMMUNITY BREEDERS' ASSOCIATIONS.

More and better live stock is needed on the farms of this district.

There are already a number of wide-awake community live-stock

organizations. Tliey are accomplishing much that would be impos-

sible to individuals working alone. Cooperative ownership of sires

makes it possible to secure animals of a quality far beyond the reach

of the individual farmer. More economical advertising, cooperative

buying and seUing, prevention and eradication of animal diseases,

and the raising of standards due to education and competition, are

a few of the advantages to be secured tiu-ough community breeders'

organizations. To improve the dairy herds of this district more
cow-testing associations are greatly needed. A community desir-

ing to take up work along any of these lines should communicate

with the State agricultural colleges, with one of the substations within

the district, or with the local county agricultural agent.

SELECTING A FARM.

Great care should be taken in selecting a farm in the cut-over

district. The price of unimproved land, from which most of the

valuable timber has been cut, usually varies from $5 to $25 per acre,

depending on quahty of soU, topography, and location. Improved

farms, including buildings, are ordinarily held at prices ranging from

$25 to $100 per acre. The range in price between the most desir-

able and the least desirable undeveloped agricultiu-al land is now a

matter of only a few dollars. When the region becomes thickly

settled and these lands are improved, the difference in value per

acre wiU undoubtedly be much greater than the present difference

in price. During this period the better soils should also yield larger

net profits per acre. The prospective purchaser of farm land will,

therefore, be amply repaid for time and expense of making careful

investigation of soil, topography, drainage, water supply, amount of

salable timber, cost of clearing, markets, schools, and social condi-

tions. He should reserve a part of his capital to develop the farm

and to support his fanfily until he can get a fair acreage under culti-

vation.
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Before buying land careful examination should be made of both

the soil and subsoil.^ Soil fertihty is purchased at less cost in the

form of rich soil than in the form of commercial fertilizers. For

most crops medimn loam soils are best. Heavy soils are especially

adapted to the production of hay. A clay subsoil, if not so com-

pact as to interfere with drainage, is very desirable.

Of all the items to be considered from the business point of view,

in selectmg undeveloped land in tliis region, probably the one least

likely to receive proper attention is the labor involved in clearing

the land of stones and stumps. The expense of removing white

pine stumps with dynamite or stump pullers should be carefully

estimated for all parts of the farm before actuall}^ making the pur-

chase. The cost of bringing pine land under successful cultivation

ranges from $30 to $60 per acre, while about one-half that amount
should j)ay for clearing hardwood land of the same quality.

GENERAL SUGGESTIONS.

1. It is possible, but not easy, to start farming here with very

little capital. The total capital of the average farm studied is $6,856

and the average family income only $559. This is little enough on

which to live, even when none of it has to be used to pay interest.

2. Select a farm well located with reference to markets and

schools. Select a soil well adapted to the desired type of farming.

3. Buy good land. It is cheaper in the long run than poor land.

4. Do not pay too much for the farm. Remember you really get

notliing for your work until interest is made on total investment.

5. Avoid the burden of too much undeveloped land, and, if pos-

sible, make every acre pay its way.

6. Enlarge the cleared area as rapidly as practicable. Be sure

that the quality of land justifies the expense of clearing.

7. Use good bulls from high producing dams.

8. Plant good seed. It costs httle more than poor seed and yields

greater profits.

9. Grow clover, alfalfa, and other legumes. These crops furnish

excellent feed and improve the soil.

10. The farm should furnish home supplies such as vegetables,

small fruits, eggs, meat, and milk.

11. Keep horses busy at profitable W(uk as many days in the year

as possible.

12. Do not waste family labor on unprofitable work just because

such labor is cheap.

13. Keep posted on market prices and grades. Prepare products

according to these standards. Work for the advancement of the

• Sotl maps of many parts of the district can be obtained from the U. S. Department of Agriculture and
from the .State o.xjMiriment stations.
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community. Help improve roads, schools, and markets. This will

actually pay in dollars.

14. The agricultural papers in each of these three States are giving

special attention to the development of this region. Many of their

articles are direct from the farm, written by practical men, and are

well worth reading.

15. Get in touch with the State experiment station, local sub-

stations, and the county agricultural agents; they can help. Secure

lists of the bulletins pubhshed by the State experiment station and

by the United States Department of Agriculture. Ask for such

bulletins as you think may assist you in your worh.
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