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Fir, white, stands in California pine region, volume and

associated species 440 3-4
Fire, injury to sugar pine 426 4
Flat-headed borers. See Borers, flat-headed.
Flax, varietal experiments, Cheyenne Experiment Farm,
1913-1915 430 33-36, 39

Flea-beetle

—

description, life history and habits 436 5-16
desert corn, bulletin by V. L. Wildermuth 436 1-23
distribution and economic importance 436 2-4
enemies 436 16-17
food plants 436 4-5
remedial measures 436 18-21

Flour, soy-bean, food value, comparison with other flours

and corn meal 4.39 11-13
Flours, wheats grown in northern Great Plains, baking

tests 4.50 11,14
Flumes, lumber, requirements, construction, operation,
and cost 440 89-92

Fomes—
laricis, fungi enemy of sugar pine 426 5
pinicola, injury to sugar pine 426 5-6

Food plants, potato-tuber moth, list 427 14-15
Food-coloring substances, separation and identification,

bulletin by W. E. Mathewson 448 1-56
Foods, colored, treatment for color analysis 448 4-8
Forest Service, protection to private lumber holdings,

cost per acre 426 36
Forest trees, flat-headed borers affecting, bulletin by
H. E. Burke 437 1-8

Forests

—

California National

—

fire protection, methods 426 34, 36
stumpage sales and prices 426 24

National, timber cutting, management, methods, util-

ization, etc 426 30-35
Foulbrood, comparison with sacbrood of bees 431 2-4
Frost, injury to sugar pine 426 5



INDEX.

Frosts, killing, Cheyenne, Wyo., 1900-1915
Fruit-

industry, development in Washington, history
ranches, investments in Wenatchee Valley, Wash.

Fruits—
Brazilian, little-known, and the navel orange of

Bahia, bulletin by P. H. Dorsett, A. D. Shamel and
Wilson Popenoe

grown at Rio de Janeiro, description, etc
miscellaneous, gi-own at Bahia, descriptions, etc

orange, grown at Bahia, description, etc

Fruta

—

de conda, production in Brazil, note
de condessa, description and characteristics

Fumigant, carbon disulphid, dosage, strength, use method
Fumigation, moth-infested potatoes, methods and fumi-
gant

Galls, forest trees, cause, discussion
Gabver, Samuel and R. A. Oakley, bulletin on " Medi-

cago falcata, a yellow-flowered alfalfa"
Genipap. See Genipapo.
Genipapo

—

description, production, and uses in Brazil
,

liquor, characteristics, note
Geter, E. W., and A. L. Quaintance, bulletin on "Life

historv of the codling moth in the Pecos Valley,
X. Mex." 429

Ghirka—
spring wheat

—

growing in northern Great Plains, experiments
and comparisons with other wheats 450

history and description 450
improvement in yield and quality, bulletin by

J. Allen Clark 450
Avheat

—

agronomic data for product grown at Dickinson,
N. Dak 450

milling and baking tests of flour 450
Glyndon wheat, growing in northern Great Plains, experi-
ments and comparison with other wheats 450

Gooseberry, occurrence in Bahia, description 445
" Gourd of the campo," description, occurrence and char-

acteristics 445
Gkaf, J. E., bulletin on " The potato-tuber moth " 427
Grain—

crops, injury by range caterpillar in New Mexico 443
plants, injury by .spike-horned leaf-miner, nature 432

Grass, lemon. .S'ee Lemon gi'ass.

Grasses

—

hosts of de.sert corn flea-beetle 436
injury by spike-horned leaf-miner, natui'e 432
New Mexico, destruction by range caterpillar 443
varieties, natives of Wyoming 430

Gravata, de.scription, characteristics, occurrence, etc 445
Grazing, sheep and goats, injury to .sugar pine 426
rjrniiiifhainji, description, occurrfMice, uses and habits 445
<^lriiniixania, flfscrijition, uses, occurrence, etc 445
(Jual)irob;i, ofcnrrericc, desfription and cliaracteriatics -445
(iuiivii, occurrence in I'>ahia, de.scriplion and uses 445
fJuinea oil jtalni. offuri-cncc, growtli Jialiits, Iriiil iiiid uses 415
Gumbo soil

—

jiiechanical an.-ilysis, water capacity, jjroductivlty
and cliaiigi'S due to wetting and drying 447

Iirofluffivity at Belie Fourflie n'rhiiriation pj'oject 447

Bulletin
No.

Page.

430 7-8, 38

446
446

5-6
7

445
445
445
445

1-35
16-17, 25-31

17-25
15, 17-25

445
445
427

19
31

50,51

427 50,51

437 3

428 1-70

445
445

21
21

1-90

8-18
2-3

1-20

16
9-12, 17

4-6
18

32
1-56

4
7-9

4, 20-21
7-9
4
3

21-22
5

19-20
19-20
29-30
lS-19
24-25

2-4
3
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Gumbo soils, water penetration on tlie Belle Fourche rec- No.

lamation project, bulletin by O. R. Mathews 447 1-12
Gymnonychus californicus. See Leaf-worm, pear.

Harvesting

—

apples, operations, handling and cost, Washington 446 26-35
lemon grass, practices and experiments 442 4-6

Hauling

—

apples, methods and cost 446 28, 30-31
logs

—

from landing to mill, methods, cost and operation- 440 41-64
from stump to mill, processes, methods, opera-

tion and cost 440 18-64
from yard to landing, methods, cost and opera-

tion 440 34-41
Hay plant

—

drought-resistant, Medicago falcata , 428 45-47
Medicago falcata, introduction, nature and value 428 2-65

Haynes wheat

—

growing in northern Great Plains, experiments and
comparisons with other wheats 450 4-6

milling and baking tests of flour 450 9-12
Hemileuca oUinae. See Range caterpillar.
HoAGLAND, Ralph, Charles N. McBeyde, and Wilmee O.

"

PowicK, bulletin on "' Changes in fresh beef during
cold storage above freezing " 433 1-100

Honey, treatment for sacbrood virus, experiments 431 40-^3
HooD, S. C, Bulletin on " Possibility of the commercial

production of lemon-grass oil in the United States " 442 1-12
Horses, skidding teams, cost, equipment, and deteriora-

tion 440 18-20
Hybridization, alfalfa with Medicago falcata, value, and
methods 428 58-59

Hydrazin sulphate solution, reagent in color analysis
note 448 8

Imbu, occurrence, description, growth habits and char-
acteristics 445 34-35

Incubation, meat, effect for various periods 433 10-11, 27-29, 99
Insects

—

control in sugar pines, methods and cost per acre 426 7
varieties, injury to sugar pine 426 6

Insurance, lumber, rates in California pine region 440 93-94
lonone, manufacture from lemon-grass oil, notes 442 1, 11
Ips confiisus, injury to sugar pine 446 6
Irrigation

—

apple orchards, operations, labor and cost 446 15-17
gumbo soils, penetration of water in dry and wet

soils, experiments, etc 447 3-11

Jaboticaba, description, growth habits, occurrence, and
uses 445 25-29

Jack fruit, uses in Brazil 445 19
Jak, Malayan, uses in Brazil 445 19
Japan, soy-bean production, exports and imports, 1911-

1914 439 4-5

Joazeiro, occurrence, growth habits and fruit character-

istics 445 35
Johnson grass, host of desert corn flea-beetle 436 4, 20-21

Jones, Jenkin W., bulletin on " Cereal experiments on the
Cheyenne experiment farm, Archei , Wyo." 430 1—40

Kubanka wheat

—

growing in northern Great Plains, experiments and
comparison with other wheats 450 4-6

milling and baking tests of flou: 450 9-11



INDEX.

Bulletin

Labor— No.

fruit ranches, central Wasliington. operations and
wages ^ 446

lumbering operations in California pine region, man-
agement, sources, and wages 440'

Land, National Forest, management 426
Lang, H. L., and C. F. Walton, Jr., bulletin on " A study

of electrolytic method of silver cleaning " 449
Laranja

—

da terra, use in Brazil as budding stock 445
lima, occurrence in Bahia, description 445

Larsen, Louis T.. and T. D. Woodbtjey, bulletin on
" Sugar pine." 426

Larvae, bee, description and changes caused by sacbrood- 431
Leach, B. R., bulletin on " The apple leaf-sewer " 435
Leaf-folder, apple. See Leaf-sewer, apple.
Leaf-miner, spike-horned

—

an enemy of grains and grasses, bulletin bv Philip
Luginbill and T. D. Urbahns 432

control measures 432
description, distribution and life history 432
enemies 432
history, and food plants 432
rearing methods 432

Leaf-sewer, apple

—

bulletin by B. R. Leach 435
description, life history and habits 435
enemies 435
history, distribution and feeding habits 435
remedial measures 435

Leaf-worm, pear

—

bulletin by R. L. Nougaret, W. M. Davidson, and E. J.

Newcomer 438
control by spraying with lead arsenate 438
control measures, experiments 438
de.scription, habits and life history 438
history, distribution and food plants 438
parasitic enemies, discussion 438

Legumes, varieties, natives of Wyoming 430
Lemon grass

—

charasteristics, importance in perfume industry 442
citral content

—

and oil yields of different varieties 442
factors affecting 442
remarks 442

distillation 442
fertilizer requirements 442
growing for oil, experiments by Department, cost and
returns 442

oil-
commercial production in United States, possi-

bility, bulletin by S. C. Hood 442
yields of fresh and dried 442

propagation, cultivation and harvesting 442
" Lciijon of flic foiv'st," (lcsci-i|il ion iiml cliiirjictfrisricK 445
Lemons, sweet and sour, occurrence in Bahia, description- 445
Light, rcfjiiirfments of trees In list ;. 426
Lightning, Injury to sugar pine 426
Lime

—

acre. re<juii-einent, various crops, experiments 441
occurrence In Bahia, description 445

"Lime-orange," occurrence in Bahia, description 445
Llme-sulithur spray, use in apple orchards, time and
purpose 446

rs-s,
21,

45,

67,

Page.

&-10
16, 19-20,
29-30, 37.

59-60, 61,

68-69, 72,

76, 80. 94
30-35

1-12

16
15

1-40
6-24
1-16

1-20
16

5-7
15-16

2-5
14-15

1-16
4-10

11
2-4

11-12

1-24
21-22
17-22
4-17
1-3

17-18
3

7-8
9-10

6
6

3^

2-6, 11-12

1-12
6,8
3-6
32
15
8

4,5

4, 7, 12
15
15

21
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Bulletin Page._
No.

Limoa do matto, description and cliaracteristics 445 32
Locomotives, logging railroad, types, cost, and loads 440 56-58
Log ponds, construction, size and cost, California pine
region 440 65-67

Logs-
hauling from stump to mill, processes, methods,

operations and cost 440 18-64
loading on trucks, methods, equipment and cost 440 41-44
yarding—

big-wheel method, equipment, cost and operation- 440 20-23-
overhead method, equipment, cost, and operation- 440 38-34
steam-donkey method, equipment, cost and opera-

tion 440 23-33
Logging-

blocks, prices 440 27
charges overhead, California pine region 440 92-95
crews

—

make-up and wages in California pine region 440 7-8
wages in California pine region 440 7

operations, requirements, etc., California pine region. 440 13-65
sugar pine and yellow pine, methods and cost 426 12-13
use of term 440 13

Lopliyrus. See Saw-fly.
LuGiNBiLL, Philip, and T. D. Urbahns, bulletin on "The

Spike-horned leaf-miner, an enemy of grains and
grassed" 1 432 1-20'

Lumber—

•

cull, discounts for different species in California pine
region , 440 10

handling in sawmill lumber yards, practices in Cali-

fornia pine region 440 80-86'

inclines, requirements, construction and cost 440 88-89
pine, production in California pine region, operations,

volume, labor, etc 440 3-99-

sugar-pine—
amount used, various industries, 1910 426 20-22
depreciation in seasoning 426 18-20
weight per 1,000 feet 426 11
yields, values and grades 426 16-20

transportation from mill to common carrier, methods
and cost, California pine region 440 86-92

yards, sawmill types, equipment, and cost of han-
dling lumber 440 80-86--

Lumbering

—

crews, housing, practices, equipment and cost in Cali-

fornia pine region 440 8-10
equipment, depreciation, estimates : 440 95-96
sugar pine and yellow pine region of California,

bulletin by Swift Berry 440 1-99
wages in California pine region 440 7-8

Manchuria, production of soy beans and products,
methods, jaelds, exports, 1909-1913 439 2-A, 5-

Manga de rosa, description and value 445 23-24
Manganese

—

action under acid and neutral soil conditions, bulletin

by J. J. Skinner and F. R. Reid 441 1-12
effect on crop yields, neutral conditions, experiments-

at Arlington farm, 1913-1915 441 6-9, 12
Mango

—

occurrence, growth habits, uses, and varieties 445 23-24
rose, description and value 445 23-24

Mathews, O. R.. bulletin on " Water penetration in the
gumbo soils of the Belle Fourche Reclamation Project " 447 1-12

Mathewson, W. E., bulletin on " Separation and identifi-

cation of food-coloring substances " 448 1-56.
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Bulletin Page..
No.

McBkyde. Chakles M.. Ralph Hoagland, and Wilmer
C. PowicK, bulletin on " Changes in fresh beef during
cold storage above freezing " 433 1-100

IMeal. soy-b^an

—

fertilizer, value comparison with other fertilizers 439 14-15

food value, comparison with various flours and
corn meal 439 11-13

use as stock feed, comparison with other feeds 439 13-14

Meat, ripening in cold storage, methods .:= 433 5

Meats, cold-storage investigations, purpose and plan 433 5-8

iledicago falcafa—
agricultural history and characteristics 428 38-51

botanical historv, description and relationship 428 8-33-

.^, ,„ ,„ ,oq/ 7, 14-20, 24-27,
comparison with alfalfa - 428-^ '

37-6'^

cultural investigations, hybridization, etc 428 51-65
distribution, climatic and soil requirements, etc 428 5-8

introduction and history 428 1-5
names : 428 34-35
yellow-flowered alfalfa, bulletin by R. A. Oakley and
Samuel Garver 428 1-70

Mehinophila gentilis. See Borer, flat-headed.

Metals, tarnishing, processes and nature 449 4r

Milk, vegetable, manufacture from soy beans 439 9
;Millee, G. H.. and S. M. Thomson, bulletin on " The cost

of producing apples in Wenatchee Valley, Wash." 446 1-35
IMillet. foxtail, production experiments, Cheyenne experi-
ment farm, 191.3-1915, yields, etc 4.30 36-37, 39

Milling, sugar pine, mill types, cost, cut per year, and
lumber grade product 426 13-16

Moisture, requirements of trees in list 426 7
Montana, wheat-growing experiments 450 4-18
Morse. W. .!., and C. V. Piper, bulletin on " The soy bean,
with special reference to its utilization for oil, cake,
and other products " 439 1-20

Moth-
apple leaf-sewer, description, life cycle and habits 435 5-10
codling. See Codling moth.
potato-tuber

—

artificial control 427 48-51
bulletin by J. E. Graf 427 1-56
classification, synonymy, and description 427 9-14
dissemination, mortality, increase rate 427 31-32
economic importance 427 6-8, 51
enemies and checks 427 32-48
food plants, list 427 14-15
history

—

and habits 427 15-32
distribution and origin 427 1-4.51

injuries, nature and methods 427 4-6
Mulch crops, apple orchards in Washington, management
and cost 446 24-26

Navel orange

—

of Piabia, with notes on some little-known Brazilian
fruits, bulletin by P. H. Dorsett, A. D. Shamel,
and Wilson Popenoe 445 1-35
See aUo Orange, navel.

yrurrpyriH sp. enemy of de.sert corn flca-boelle 430 17
New Mexico

—

pastures, destruction by range caterpillar 443 4
I'ccos Vall»-y, life liistory of tlio codling moth, bul-

letin by A. L. Qualntance and E. W. Geyer 429 1-90
range caterpillar

—

and its control, luilletin by \'. I-. WiUlennuUi
:ind I>. .1. Caffrey 443 1-12
See also Range caterpillar.
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Bulletin Page.
Ts^EwcoMEB, E. .J., R. L. XouGAKET and W. M. Davidson, No.

bulletin on " The pear leaf-worm " 438 1-24
North Dakota, wheat growing experiments 450 4-18
NouGAEET, R. L., W. M. Davidsox and E. J. New-

comer, bulletin on " The pear leaf-worm " 438
_

1-24

Oakley, R. A., and Samuel Gae\'ee, bulletin on " Medi-
cago falcata, a. yellow-flowered alfalfa" .- 428 1-70

Oats-
production; failure at Archer, Wyo.. 1913 430 26. 39
varietal experiments, Cheyenne experiment farm,

1913-1915, 430 26-30, 39
Oil—

lemon-grass

—

citral content. Importance 442 5-6
commercial production in United States, possi-

bility, bulletin by S. C. Hood 442 1-12
loss by drying and distillation 442 6-7
solubility in alcohol 442 10-11
uses and sources of production 442 1-2

palm, Guinea, occurrence, growth habits, fruit and
uses 445 24-25

soy-bean

—

extraction methods. United States and Europe 439 9-11
uses, experiments 439 15-16

Opius—
aridus, parasitic enemy of spike-horned leaf-miner 432 16
dimidiatus, parasitic enemy of spike-horned leaf-

miner 432 16
Orange—

•

bitter or sour, occurrence in Bahia, description 445 15
Natal, occurrence in Brazil, description, etc 445 16, 17
navel—

and other fruits, bulletin by P. H. Dorsett,
A. D. Shamel, and Wilson Popenoe 445 1-35

Bahia and California grown, value comparison,
analyses 445 18-15

introduction into United States 445 4-6
origin, history, culture, and extent of industry

in Bahia 445 1-2,3^,7-15
propagation in Bahia, budding, planting, etc.,

methods 445 9-111

Pera, occurrrence in Brazil, description, etc 445 17
Selecta

—

cultivation in Bahia, and description 445 2-8
occurrence in Brazil, description 445 16-17

trees, Bahia, insect enemies and diseases 445 11-12
Washington navel, adoption of name 445 5

Oranges

—

Bahia, crop-ripening seasons yield, selling methods,
price, shipping adaptability 445 12-13

growing in Rio de Janeiro, varieties, acreage,
methods, yields, etc 445 16-17

navel, distribution in California and Florida 445 5-6
Orchard, apple, depreciation 446 2
Orcharding, apple

—

costs, and labor, per acre and per box, Wenatchee
Valley, Wash 446 33-35

Washington, Wenatchee Valley, practices, cost,

etc 446 2-351

Orchards

—

apple, cultivation, irrigation and spraying, praptices
in Wenatchee Valley, Wash 446 10-26

management, operations and cultivation, practices
in Wenatchee Valley, Wash 446 10-26

orange, in Bahia, situation and soil conditions 445 7-8

Pecos Valley, N. M., danger from codling moth, ex-
periments and investigations 429 1-90



II^DEX. 13

Bulletin Page.
Oxidation— No.

manganese, various crops, neutral conditions 441 9-11
manganese-treated and check plats, various crops,

acid conditions 441 5-6. 12
Oxycoccus macrocarpus. See False blossom.

Packing, apples, for market, practices in Wenatchee
Valley, Wash 446 28-30

Palm, dende, occurrence, growth habits, fruit, and uses 445 24-25
Papaya, occurrence in Bahia, description, uses, and value- 445 18
Parasites, potato-tuber moth, list, description, habits
and work 427 32-47

Pastures, range, destruction by range caterpillar in New
Mexico 443 4

Pear

—

leaf-worm

—

bulletin by R. L. Nougaret, W. M. Davidson,
and E. J. Newcomer 438 1-24

See also Leaf-worm, pear,

"of the campo," occurrence, description and char-
acteristics , 445 32

orchards

—

Pecos Valley, N. Mex., danger from codling moth,
experiments and investigations 429 1-90

treatment for insect pests, experiments 438 ' 19-22
sawfly. See Leaf-worm, pear.

trees, injury by leaf-worm, nature ^ 438 3-4
Pediciilonles sp., enemy of desert corn flea-beetle 436 17
Pera do campo, occurrence, description and char-

acteristics 445 32
Perfumery, manufacture fi-om lemon-grass oil, notes 442 1, 11
Peridermium harknessii, injury to sugar pine 426 5
Persea aniericana, occurrence in Bahia. etc 445 18
Phthorimaea opercideUa. See Moth, potato-tuber.
Phyllantluis acida, occurrence in Bahia, etc 445 18
Picking applies, management, operations, and cost in

Wentachee Valley, Wash : 446 27
" Pickled brood "

—

bees, notes 431 4-6
See also Sacbrood.

Pine

—

lumbering in sugar and yellow pine region of Cali-
fornia, bulletin by Swift Berry 440 1-99

sugar

—

age, growth, and yield 426 24-30
altitude and climate of range-. 426 2-3
appearance and structure of wood, compari-

sons, etc 426 10-12
bulletin by Louis T. Larsen and T. D. Wood-
bury 426 1-40

diameter and volume growth, based on age 426 26-28
economic importance 426 1-2
geographical and commercial range 426 2-3
grades 426 40
habits, root system, bark, leaves, flowers, and
seed 426 3-4

heiglit growth; bfise<l on age 426 24-26
logging and milling 426 12-16
lumber gi-ados. comparison with yellow pine
lumber, California pine region 440 12-13

market demands and uses 426 20-22
Iireservative treatment, note 426 12
size, longevity, susceptibility to injury and

dlsea.se 426 4-7
species, moisture, soil, and light requirements 426 7-S
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Pine—Continued. No.

sugar—Continued.
stands, California pine region, volume and asso-

ciated species 440
types, description, occurrence, etc 426
volume tables, California National Forests 426

yellow

—

lumber grades, comparison with sugar pine
lumber, California pine region 440

stands in California pine region, volume and
associated species 440

Pineapple, Baliia, description, quality, and marketing
practices 445

Pineapples, occurrence in Bahia, description and value 445
Pines, sugar—

and other, identification key 426
forest types 426

Pinha, occurrence, description, and characteristics 445
Pinus lambertiana. See Pine, sugar.
PiPEK, C. v., and W. J. Morse, bulletin on " The soy bean,
with special reference to its utilization for oil, cake,

and other products " 439
Pissoiles yosemitei, injury to sugar pine 426
Pitanga, description and uses 445
Pitomra, description, occurrence, and propagation 445
Polycystus foersteri, parasitic enemy of spike-horned

leaf-miner ^ 432
Polyporus volvatus, injury to dead sugar pine trees 426
Ponds, sawmill, construction, size and cost, California

pine region 440
Potassium persulphate, reagent in color analysis, note 448
Potato, tuber moth, bulletin by J. E. Graf 427
Potatoes—

fumigation for tuber-moth infested, before storage 427
oxidation of soil under acid conditions 441
planting, depth, time, etc., for tuber-moth control,

expeiriments 427
yield

—

manganese neutral conditions, Arlington experi-

ments, 1913-1915 441
manganese sulphate acid soils, experiments at
Arlington farm, 1907-1912 441

with and without manganese, experiments 441
TowiCK, WiLMEB C, Ralph Hoagland, and Chaeles N.

McBryde, bulletin on " Changes in fresh beef during
cold storage above freezing "

^^ 433
Precipitation

—

Cheyenne, Wyo., 1900-1915 4.30

northern Great Plains, 1908-1914 450
Propagation, lemon grass, method 442
"Proso, production experiments, Cheyenne experiment

farm, 1913-1915, yields, etc 430
Pruning, apple trees, labor and cost 446
Pseudomphale ancylae. enemy of apple leaf-sewer 435
Psidium guagava, occurrence in Bahia, description and

uses 445

Quaintance, A. L., and E. W. Geyer, bulletin on " Life
history of the codling moth in the Pecos Valley,

N. Mex." 429

Racupari, occurrence, description, and characteristics 445
Railroads

—

logging, types, construction, cost and maintenance 440
wages in California pine region 440

Ranch, fruit, investments in Wenatchee Valley, Wash 446
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Bulletin Page.
Hange

—

No.

burning for destruction of range caterpillar 443 11
caterpillar

—

damage to grasses and crops, nature and extent- 443 4-6
description, occurrence and economic importance. 443 2-4
enemies, and disease 443 8-9
history and control 443 10-12
life history 443 5-7
New Mexico, and its control, bulletin by V. L.
Wildermuth and D. J. Caffrey 443 1-12

Reageants, food-color analysis 448 3
Rediiviolus ferus, enemy of desert corn flea-beetle 436 17
Refrigeration, meats, systems, numbers, kinds, care, and

temperature of coolers 433 2-5
Reid, F. R., and J. .J. Skinneb, bulletin on " The action of

Manganese under acid and neutral soil conditions " 441 1-12
Reproduction

—

sugar-pine, conditions retarding 426 8-9
tree, in California national forests, methods 426 34-85

lilieedi abrasiliensis, description and food use 445 30-31
Rose-apple, occurrence in Bahia 445 18
Russia, precipitation and temperature at several points,

comparison with Northwestern States 428 5
Rye

—

oxidation of soil under acid conditions 441 5-6
yield

—

manganese sulphate, acid soils, experiments at
Arlington farm, 1907-1912 441 2-4,12

manganese sulphate, neutral conditions, Arling
experiments, 1913-1915 441 6-9

with and without manganese, experiments 441 9-11
Rysting wheat

—

growing in northern Great Plains, experiments and
comparison with other wheats 450 4-6

milling and baking tests of flour 450 9-12

Sacbrood

—

bulletin by G. P. White 431 1-55
cause, discussion 431 24^-30

combating, sugge.stions 431 50-52
comparison with foulbrood of bees 431 2-4
diagnosis and prognosis 431 48-50
germ, filtering experiments 431 27-30
inoculation of bees, virus required, methods, etc 431 31-34
nature, historical notes, etc 431 1-6
.symptoms 431 10-24
transmission, modes 431 46^8
virus

—

persistence 431 34-46
virulence in honey 431 40-41

•Salt grass, food plant of desert corn flea-beetle 436 4, 20
f^apodilla, occurrenfe In Bahia. description and value 445 IS
Saunijers, Wuxiam, introducer of navel oranges into
United States 445 4-6

Sawfly

—
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IMPORTANCE OF SUGAR PINE.

Sugar pine {Pinus lambertiana Dougl.) was first recognized by
David Douglas, of the London Horticultural Society, on the head-

waters of the Umpqua River in Oregon, October 26, 1826. The tree

was given the specific name lamhertiana in honor of Douglas's friend

Aylmer Bourke Lambert, a founder and vice president of the Linnean
Society of London and the author of a prominent work on pines.

Sugar pine is the most valuable cojmmercial timber tree on the

Pacific coast, and its relative value among all the conifers of the world

is very high. This is attributable partly to the characteristic straight-

ness and unusual clear length of the trees and partly to the excellent

physical qualities of the wood, which adapt it admirably to high-

class uses in manufacture and trade.

Commorf;ially, sugar pine may be considered, like the redwood, as

essentially a California tree. Although it occurs in southern Oregon and
in Lower Cahfornia, it is relatively unimportant in both of these regions.

The total stand in Oregon is estimated at approximately 3 bilhon

\oTK.—This bullolln draoribos tho sugar pIno, its growth, range, and u.scs in tlio for;n lA lumber, and is

of interest to foreslftr.s and wotxl u.sfrs generally.

5o3M)°— Bull. 420—10 1
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feet, about equally divided between private and Government owner-

ship. No reliable figures are available for Lower California, but the

amount there is known to be small. Within CaUfornia the best

available estimates indicate a stand of 39 bilhon feet, board measure,

about 24 billion on private lands and the remainder in Government
ownership within the National Forests. Of the three most valuable

widely distributed conifers within the State of California—redwood,

yellow pine, and sugar pine—though the sugar pine ranks third in

volume of stand, it is undoubtedly first in value of product.

GEOGRAPHICAL AND COMMERCIAL RANGE.

The geographical range of sugar pine extends from the valley of the

Santiam River, in the Cascade Range, in Marion County, Oreg.,

through the Sierra and Coast Ranges of California to Mount San
Pedro, in the peninsula of Lower Cahfornia (PL I). Commercially,

however, the species is of importance only from Douglas County,

Oreg., to Kern County in the California Sierras, and Glenn County
in the California Coast Range. The largest trees and heaviest stands

within this area are found from Tulare to Eldorado Counties, Cal.,

along the west slope of the Sierras. Nearly three-fourths of the

total stand is found in the Sierra Nevadas of CaUfornia and the bulk

of the remainder within that portion of the Coast Range which lies

north of San Fra,ncisco, Over one-half of the total is distributed

throughout the central Sierra region. It is seldom found in commer-
cial stands on the east side of this range south of Plumas County.

ALTITUDE AND CLIMATE.

The altitudinal range of merchantable stands of sugar pine extends

from 3,000 to 6,000 feet in the northern Sierras and from 5,000 to

9,000 in the southern Sierras, the southern coast range, and the

Sierra Madres. A few trees have been reported in the redwoods near

Cazadero, Sonoma County, Cal., at an elevation as low as 600 feet.

The extreme upper Hmit of the botanical range occurs on Mount San
Pedro, in Lower California, where the species has been reported at

,11,000 feet. All gradations between these altitudes occur as the

latitude changes.

In the sugar-pine belt the summers are hot and dry and the winters

moderately cold. Most of the stands are found between the annual
isotherms 44° and 60° F. Sugar pine occurs, however, in northern

Cahfornia, where the mean annual temj)erature is as low as 40°, and
in the southern part of the State, where it is as high as 70° F. It

endures average minimum monthly temperatures of 20° and average
maximium monthly temperatures of 97° F.

Sugar pine is quite dependent upon atmospheric moisture. This

characteristic probabl}^ accounts, in large measure, for its hmited
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occuiTence and poor form on tlie eastern slope of the Sierra Nevada.

The best commercial forests occur where there is an annual precipita-

tion of 40 inches or more, although the species is found between

precipitation limits of from 20 to 80 inches. Where the rainfall is

below 30 inches, however, the trees are scattered and scrubby in

form. The average snowfall in the sugar-pine belt is about 8 feet,

with a range of from 3 to 20 feet.

HABIT AND ROOT SYSTEM.

Mature sugar pines have a striking individuality which enables one

to indentify them at considerable distances. They generally rise

above associated species and send out long, straight branches at right

angles to the main stem.

The bole of sugar pine is sturdy, straight, and symmetrical. The
taper is quite marked in young trees, but decreases from the fiftieth

year until at maturity the trunk is well rounded out and the taper is

very shght, except in the stump section. The tops of very old trees

are often broken or flat, and the branches are irregular and have the

appearance of being sparsely clothed with leaves. Young trees are

symmetrical and branch regularly.

Seedlings have a weU-developed taproot. This does not keep pace

with the general development of the tree, however, and in later years

the lateral root system is far more important, sometimes spreading

over a radius of 40 feet and rendering the tree very resistant to wind.

BARK, LEAVES, FLOWERS, AND SEED.

The rich purple-brown or cinnamon-red bark of this tree is a dis-

tinguishing characteristic. In trees of above middle age it is deeply

and irregularly divided into long, thick, platelike ridges. The bark

of young trees is thin, quite smooth, and of a grayish color.

The fohage is dark green and composed of rigid needles from 2-^- to

4 inches in length, occurring in clusters of 5, except on seedlings,

which bear clusters of 12 to 15 seed leaves.

During the spring flowering season the eye is attracted by the con-

spicuous light-yellow male flowers, oblong in shape, and from ^- to 1

inch in length. The female flowers are of a less attractive pale green

color, borne terminally on the branches in groups of two or more.

The cones of sugar pine are unique and serve to identify the species

absolutely, mainly because of their great length, which averages from

13 to 18 inches and not uncommonly reaches 23 inches. They mature

in late August of the second year, and are then from 2^ to 3^ inches

ill diameter when closed, with blunt scales, slightly thickened at the

tip. They are suspended on stalks at the very tips of the long

branches, and wiicn filled with their ])lump, })lackish-brown seeds,

from one-quarter to one-lialf inch in length, their weight imparts a
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graceful dov/nward sweep to the limb. Even in this position they

can not escape the squirrels that depend on the rich-flavored seed

for a winter food supply and cut la.rge numbers before maturity.

SIZE AND LONGEVITY.

Sugar pine attains a greater size than yellow pine, white fir, incense

cedar, or any of its associates, except the huge Sequoias of the

Sierras, which tower far above it in the scattered localities where

the two species occur together. Its average maximum height is 175

feet and the corresponding diameter 4^ feet. The maximum height

reached is 240 feet and the maximum diameter 11 feet, measured

outside the bark at 4^ feet above the ground. The average number
of logs per thousand feet board measure, ascertained from sales of

National Forest stumpage, varies from 4 in unfavorable situations to

1,5 in the best localities. This species attains an a^ge of 500 years,

but rarely more than that.

SUSCEPTIBILITY TO INJURY AND DISEASE.

Various injuries tend to shorten the life of sugar pine, but none

result in the immediate death of a high percentage of mature stands

except those caused by destructive insects.

FIRE.

Repeated fires cause butt scars or "cat faces," and thus weaken
the tree mechanically, retard growth, and bring about conditions

favorable to disease. Such scars also decrease the value of butt

logs. Seedlings, saplings, and poles are destroyed in large numbers,

but very few trees over 12 inches in diameter at breast height are

killed, except on steep slopes during very high winds.

LIGHTNING, WIND, FROST, AND SNOW.

Sugar pine undoubtedly is injured more frequently by lightning

than its associated species, yellow pine, fir, and incense cedar, because

of its greater height and occurrence at relatively high elevations,

where such storms are common ; but because of the brief season dur-

ing which lightning storms are prevalent, and their local character,

the aggregate amount of damage wrought is not serious. Insects

almost invariably attack lightning-damaged trees and complete the

destruction, when the wound in itself would not prove fatal.

The strong, widespreading, lateral root system and the thick,

sturdy bole of this tree resist winds of extraordinary velocity. Some-
times weakened trees in exposed situations yield to exceptionally

severe storms. Large trees are subject to a mechanical defect known
as windshake, the result of stresses in the butt section caused by
severe wind in conjunction with low temperature. Circular seams
are opened up and the value of the trees for lumber is lowered.
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Since extremely low temperatures do not occur very often in the

sugar pine belt, frost injuries are infrequent. Sapling and pole

stands are occasionally injured by the wet snows of early winter,

but sugar pine suffers less than yellow pine.

Breakage caused by lightning, winds, or wet snow is serious, not so

much in itself, as because it opens the way to attack b}^ insects. Not
infrequently such damage gives rise to epidemic insect infestations.

STOCK, ROBENTS, AND BIRDS.

Under regulated grazing the damage to young trees by cattle and
horses is almost negligible. Sheep and goats, particularly goats, how-
ever, do appreciable damage by tramping down and nipping the

leaders of young seedlings and saplings. Such stock should not be

close-herded on areas of promising young forest, and should be

moved frequently. They should be excluded from cut-over areas

until reproduction is well started.

Each year the red or Douglas squirrel and the gray squirrel cut

large quantities of cones, often while still unripe, and consume or

store the edible seed. Other smaller rodents, as well as quail and
jays, rehsh it also. The gray squirrel is so destructive to the seed

of this species as to cast doubt upon the wisdom of according him
the protection of the game laws in heavily forested counties. Wood
rats and rabbits are destructive in young sugar pine plantations,

sometimes cutting back every tree to the surface of the ground.

DISEASES. 1

Sugar pine is without doubt one of the healthiest of our coniferous

trees. Even the younger parts, such as the twigs and needles, are

rarely attacked by the ordinary enemies of associated tree species,

such as mistletoe {RazovmofsJcya cryptoj)oda), which frequently causes

the formation of heavy witches' brooms and gnarls the branches of the

yellow, Jeffrey, and lodgepole pine. A small bluish witches' broom,

caused either by a parasitic fungus, or more probably, a mite, and
resembling a spiny ball from 1 inch to 20 inches in diameter, is fairlycom-
mon throughout the Sierra Nevadas. An unidentified species of Perider-

mium, probably P. luir-knessii, is also occasionally found on sugar pine.

The damage caused by these diseases is, however, insignificant. The
wood-destroying fungi cause more damage, but the loss is rarely more
than 3 per cent of the gross board measure content of the stand. The
fungi almost invariably attack the heartwood of the older and more valu-

able trees; therefore, though the number of trees killed is small, the

monetary loss through their work is appreciable. Trarncics pini and
Foraes lands are by far the most destructive of the wood-destroying

fungi which attack sugar pine. Sporophores of Fomes pinicola have

' In'iulrles regarding disoaaes of forest trees should be addressed to the iJuroau of Plant Industry, U. S.

Department of Agriculture.
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been found on mature green trees. Polyporus volvatus is common on
dead trees. The damage done by the former is minor, and that

wrought by the latter is of no importance.

INSECTS. 1

Insects are responsible for the destruction of large quantities of

merchantable sugar pine timber. In the northern portion of the

tree's range bark beetles of the genus Dendroctonus are very destruc-

tive ; in the southern portions their work is supplemented by that of

the flat-head beetles of the family Buprestidse. The annual loss of

sugar-pine timber from beetles is roughly estimated at not less than

one-half of 1 per cent of the merchantable stand. In certain localities

epidemics of insects have resulted in the loss of from 5 to 10 per cent.

While the roots, limbs, twigs, fohage, cones, and seed of this tree

all have insect enemies a tree is never known to have been destroyed

except by those which attack the trunk. The mountain pine beetle

(Dendroctonus monticolse, Hopk.) is by far the most serious enemy.

The adult beetles bore through the cork bark and deposit their eggs

in the hving inner bark, which is an important part of the circulatory

system of the tree. Upon hatching, the larvse or grubs completely

girdle the tree by consuming the tissues in narrow channels or galleries

extending around its circumference. The presence of these beetles in

a tree is denoted first by reddish " pitch-tubes " or deposits of resin and
wood dust caused by the beetles' entrance and later by the yellowing

of the crown when the tree begins to feel the effect of the girdling.

The red turpentine beetle (Dendroctonus valens Le Conte) attacks

the base and roots of the tree. Generally its work is of a secondary

nature, but occasionally, when very numerous, it is the primary cause

of death. According to the Bureau of Entomology it is also one of

the primary causes of basal fire wounds.^

From the Kern River southward a species of flat-head borer ( Melan-

o'phila gentilis Le Conte) causes a considerable loss. The five-spined

engraver beetle (Ips confusus Le Conte) is occasionally responsible

for the killing outright of young sugar pines in the sapling or pole

stage of growth and for the dead tops of many more mature trees.

Other less important insects do minor damage to various parts of the

tree. Among these are a weevil (Pissodes yosemifei Hopk.), which

injures the bark and young saphngs; a saw-fly (LopTiyrus sp.), which

damages the fohage, and the sugar pine cone beetle (ConopJiihorus

lambertianse Hopk.), which attacks the stems of the young cones as

well as the cones themselves and causes the latter to fall before

maturity, thus preventing the maturing of the seed.

1 Inquiries in regard to insects afleeting forest trees should be addressed to the Branch of Forest Insects,

Bureau of Entomology, U. S. Department of Agriculture.

2 See pages 153-165 of Bureau of Entomology Bulletin 83, Part I, "Practical information on the scolytid

beetles of North American forests. Barkbeetles of the genus Dendroctonus," by A. D. Hopkins.
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Since slash from cuttings or natural damage, such as mndf all or

snowbreak, furnishes excellent breeding ground for destructive insects

and materially increases the fhe danger, such refuse should be dis-

posed of by fire whenever possible before the spring following the

cutting or other occurrence.

These insects are normally kept in check by woodpeckers, certain

predaceous and parasitic insects, and certain fungi. When, however,

an infestation by the mountain-pine beetle commences to increase

rapidly it can be controlled only by peehng the infested portions of

the principal groups of affected trees during the fall or early spring

before the beetles emerge. It is usually necessary as a precaution

against fire to dispose of the resulting slash by burning at a safe time.

These control measures, as conducted by the Forest Service, have cost

from $2.50 to $5 per tree, according to conditions. For each tree cut

in control work it seems evident from statistics that one is saved.

Since an average sugar pine tree is worth at least $15 on the stump,

the saving is worth making.^

SILVICAL REQUIREMENTS.

MOISTURE AND SOIL.

The most essential requisite for the rapid development of sugar

pine throughout all stages of its life history, but particularly during

the seedling and sapling periods, is moisture in both soil and air.

Lacking this, it becomes stunted, maKormed, and useless as a tim-

ber tree. It is generally found on cool northerly slopes and in

ravines where the humidity is highest.

Though sugar pine occurs on a variety of soils, from glacial drift

and volcanic ash to deep, loose sands and clays, its maximum devel-

opment is reached only on comparatively moist, loose, deep sandy

loam. Its presence is unusual on hot, dry slopes as well as on poorly

drained wet soils. The chemical composition of the soil apparently

has but little bearing on its distribution.

TliG relative soil and moisture requirements of this species are

indicated by the following list, in which the more exacting species

precede the less exacting:

Soil. Moisture.

Dou^la« fir. Red fir.

While fir. Suoau Pine.

Rod fir. DouLda.s fir.

SuoAK Pine. While, fir.

Incense cedar. Incei)s<> cedar.

Yellow pine. Yellow pine.

Jeifrey pino. Jeffrey pine.

> For farther details regarding control measures, see pag«w 87-S9 of Bureau of Entomology nulletin 83,

Part I.
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LIGHT.

Sugar pine demands a very great amount of light, except in early

youth, and always just as much light as will not interfere seriously

vnih the moisture conditions. The maintaining of the balance be-

tween light and moisture offers the hardest problem the forester has

to solve in his attempts to increase the representation of this species

in the forest mixture of the future. During the seedling and sapling

stages, on account of persistent demands for moisture, sugar pine

must have at least partial shade. As it gets older, however, it

demands more and more light up to the point v/here a further addi-

tion of light would do harm by decreasing too much the amount of

moisture in the soil and air.

The relative demands of the different species for light vary, quite

naturally, according to geographical and altitudinal location. It

may be worth while, . nevertheless, to show how sugar pine and its

associates rank in this respect where sugar pine is most flourishing.

In the following list the trees are ranked in the order of their ability

to endure shade:

Western yew Taxus brevifolia.

California nutmeg Tumion californicum.

Mountain or black hemlock ..

.

Tsuga meiiensiana.

Incense cedar Libocednis decvrrens.

White fir Abies concolor.

Sugar PiNB Pinus lambertiana.

Red fir Ahies magnifica.

Douglas fir Pseudotsuga taxifolia.

Western white pine Pinus monticola.

Jeffrey pine Pinus jejfreyi.

Western yellow pine. Pinus jwnderosa.

Juniper Juniperus californica.

Lodgepole pine Pinus contoria.

Knobcone pine ' Pinus aitenuata.

Digger pine Pinus sabiniana.

REPRODUCTION.

Except under the very best soil, moisture, and shade conditions,

there is a noticeable scarcity of sugar-pine reproduction in the pres-

ent forest, even where this species makes up as much as 25 per cent

of the merchantable stand. This scarcity is attributable to the fol-

owing causes:

(1) The seed is very conspicuous and edible. Large quantities

are therefore consumed by birds and rodents.

(2) The proportion of the seed that germinates is small.

(3) The moisture requirements for germination are exacting.

(4) The seedlings are very susceptible to injury from fire, drought,
or severe sunlight.
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Mature Sugar Pine Tree, Showing Bole, Branching Habit, and Representa-
tive Clear Length, Plumas County, Cal.
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While there is a fair crop of sugar-pine seed each fall in some por-

tion of its range, good seed years throughout occur only at intervals

of from three to five years. Cones are occasionally borne by trees

from 40 to 50 years old, but the best and most abundant seed is

obtained from 125 to 175 year-old trees. The ability to produce seed

in large quantities is possessed by huge trees that are long past matu-

rity and deteriorating.

A bushel of cones (about 20, each containing approximately 200

seeds) produces 2 pounds of seed, of which from 20 to -50 per cent

will germinate. Germination is peculiarly slow, often continuing

throughout two fuU seasons in seed beds. This makes the species

difficult to handle in the nursery.

The seed is disseminated principally by wind. Which generally

does not transport it over 150 yards, because of its large size and rel-

atively small wings.

On the drier and more exposed situations sugar-pine reproduction

can not compete with yellow pine or incense cedar. On humus soils

in moist protected spots it succeeds fairly well. Its chief competitor

here is the white fir, which has the advantage of bearing abundant
hght seed, which is not attractive to rodents. The ability of sugar-

pine seedlings to endure shade enables them to contend successfully

with brush on moist favorable sites. Sugar pine is much more sus-

ceptible to injury from ground fires than white fir, yeUow pine, or

incense cedar seedlings, and the absolute exclusion of fire is essential

to the securing of a young stand of this species on cut-over areas.

FOREST TYPES.

Sugar pine frequently occurs in pure stands covering about an
acre, but is never found on larger areas without other species in

mixture. Yellow pine, incense cedar, white fir, and Douglas fir are

its most common associates, followed by red fir and Jeffrey pine at

higher elevations. Occasionally it mingles with western white pine,

lodgepolo pine, yew, whitebark pine, limber pine, knobcone pine,

coulter pine, and at low elevations with various species of oak.

These combinations, however, are only of botanical interest. Largely
as a result of repeated fires, stands of sugar pine are generally rather
open and contain considerable underbrush, composed of various spe-

cies of ceanothus, manzanita, oaks, buckthorns, cherries, serviceberry,

and chinquapin.

For descriptive purposes, stands containing sugar pine have been
divided into the following cov<t types, based upon the number of

trees of each species that are found in mixture.

oo380°—Bull. 420—If 2
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SUGAR PINE-YELLOV/ PINE TYPE.

In the sugar pine-yellow pine type, sugar pine makes up over 15

per cent of the stand, its associates in the order of their commercial

importance being yellow pine, white fir, Douglas fir, incense cedar,

Jeffrey pine, and bigtree. This type generally occurs at an elevation

of from 4,000 to 7,000 feet in the western central Sierra region of

California. Sugar pine is at its best in this region and many large

pine lumbering operations are located within it. The altitudinal

limits of the type vary- with change of latitude, being somewhat
lower in the northern part of California and higher in the southern.

Because of the exacting moisture requirements of sugar pine, the

heaviest stands in this type are found in moist draws, or gulches,

where the humidity is highest, and on north and east slopes. It is

in the gulches that Douglas fu- is most promment. On the hotter,

drier slopes, sugar pine is largely replaced by yellow pine and cedar.

SUGAR-PINE FIR TYPE.

The sugar pine-fir type has over 15 per cent sugar pine, Douglas

fir and white fir in considerable quantities, and no yellow pine. It

occurs in favorable moist, humid situations and is found principally

in the northern portion of the Sierra Nevadas and Coast Ranges.

This type covers a much smaller area than the sugar pine-yellow pine

type and is relatively unimportant. To the south it merges into the

yellow pine-sugar pine or fir type.

In addition to these two distinct cover types in which sugar pine

is the key tree, it is found less well represented in the yellow pine,

Jeffrey pine, fh", and red fir types. In short, wherever the annual

precipitation is sufficient to meet its requirements and sufficient light

is available, this tree may be fomid. As moisture conditions become
less favorable it seeks sheltered localities, and as they improve it

ventures into more exposed situations. The dense shade and fogs

of the coast redwood and Douglas fh' forests prevent it from becom-
ing an important factor in the heavily forested belt west of the Cali-

fornia coast range.
THE WOOD.

APPEARANCE AND STRUCTURE.

In external appearance the wood of sugar pine is strikingly similar

to that of eastern white pine (Pinus strohus) and western whit© pine

(Pinus monticola). The sapwood and heartwood are fairly well de-

fined; the former is;white or yellowish white, the latter a very light

brown, sometimes tinged with red in old trees which are very
resinous.

QUAHTY.t

Sugar pine is moderately hard and heavy, moderately strong and
stiff, poor in shock-resisting ability, moderately coarse but straight-

1 The paragraphs dealing with markets and manufacture and the uses, quality, weight, strength, dura-
bility, and treatment of the wood were prepared by Carl A. Kupfer, forest examiner, Forest Service.
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grained, and of smooth, rather fine texture. It is easily worked,

takes a nail well without splitting, and when finished has a satiny-

luster. Among woods showing only slight shrinkage, swelling, and
warping due to varying atmospheric conditions, sugar pine ranks

with the best. Although resinous, it is comparatively free from
noxious elements which impart contaminating flavors and odors.

WEIGHT, STRENGTH, SHRINKAGE, AND HARDNESS.

The following figures on weight, strength, shrinkage, and hard-

ness of sugar pine are largely the result of tests conducted by the

Forest Service on material from five representatives trees cut in Ma-
dera County, Cal. These tests were made at the Forest Products

Laboratory, Madison, Wis., and the results are directly comparable

with those obtained for the other commercial woods which have
been studied. The test specimens used were small and clear, and
for strength determinations were 2 by 2 inches in section. Bending
specimens were cut 30 inches long; others were shorter, depending

on the kind of test.

Table 1.

—

Shipping lueights, sugar pine lumber, per 1.000 feet board measure.

2-ineli dimension. 1-ineh boards.

4-foot lath
(per thousand).

Rough. SISIE. Rough. SIS or S2S.

Pounds.
2,650

Pounds.
2,300

Pounds.
2,500

Pounds.
2,200

Pounds.
450

Table 2.

—

Average viechanical properties of small, clear, green sticks of sugar pine,

western yellow pine, white pine, and Douglas fir.

Species.

Static bending.

Fiber
stress at
elastic

limit.

Modulus Modulus

of rapture.!
elasticity,

Compres-
sion par-
allel to

to grain.

Compres-
sion per-
pendicular
to grain.

Crushing
strength.

Fiber
stress at
elastic

limit.

I>oii;,'la.s fir (f'acifie Northwest).
8u;;ur pine ((.'alifomia)
Wliii.H pine ( Wiscon.sin)
Western yellow pine (California)

Lbs. per
sq. in.

4,920
3,330
3,410
3,180

Lbs. per
sq. in.

7, 795
5,270
5,310
5,180

1,000 lbs.

per sq. in.

1,577
9(i0

1,073
1,111

Lbs. per
sq. in.

3,910
2, 000
2, 720.

2,420

Lbs. per
sq. in.

528
353
314
326

Table 3.—Shrinkage of small, clear meces of sugar pine, western yellow pine, white pine,

and Douglas fir from green to oven-dry condition.

Species.

lum-^Wi fir d'aciflc -N'orthwest).
Hnv/.ir plno <'(;;ilifonila)

WhiU) pino ''Wi.scon.sin;

Westorn yellow pine (California)

In volume.

Per cent.
12.7
8.4
7.8
11.5

Radial.

Per cent.
5.0
2.9
2.2
4.3

Tangential.

Per cent.
7.8
5.6
5.9
7.3
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Table 4.

—

Hardness of small, clear, green sticks of sugar pine, v:estern yelloiv pine, white
pine, and Douglas fir.

Specios.

Surface.

End. Radial. Tangential.

Load required to embed a 0.444-inch
steel ball to one-half its diameter.

Douglas fu- (Pacific Northwest)

.

Sugar pine (California)
Wiiite pine ("Wisconsin)
Western yellow pine (California)

Pounds. Pounds.
511 457
334 307
304 294
316 306

Pounds.
490
342
299
323

The specific gravity of the dry wood of sugar pine is 0.386. The
weight of a cubic foot of oven-dry wood is 24.1 pounds. The weight

of white pine (P. strohus) is 24.4 and of western yellow pine {P.jpon-

derosa) 26.3 pounds. The green weights per cubic foot for the three

species are: Sugar pine, 50.2 pounds; white pine, 39.5 pounds; western

yellow pine, 48 to 53.1 pounds.

The shipping weights for sugar pine lumber of different sizes,

accepted by manufacturers, are shown in Table 1. Table 2 shows

the strength. Table 3 the shrinkage, and Table 4 the hardness of

sugar pine and several other species.

DURABILITY.

Early settlers found sugar pine more durable than the commoner
western yellow pine and used a great deal iii fence construction and
building. In contact with the ground it lasts longer than most of the

common Sierra species, but is not so durable as incense cedar or

juniper. In the air, even where exposed to all kinds of weather, it

shows great lasting properties.

TREATMENT.

So far as is known, no attempt has been made to increase the life

of sugar pine by preservative treatment. Its value for other pur-

poses is so great that very httle of it is used in contact with the

ground. Theoretically, the sapwood should receive preservatives

very readily, but the heartwood, Uke that of white pine, is so close-

grained as to resist absorption and penetration under ordinary

methods of treatment. Applications of paint, oil, varnish, or shellac,

or boihng in oils or paraffin, would doubtless increase its life by
preventing the absorption of water.

LOGGING.

The process of logging sugar pine in a typical Cahfornia operation

consists of the following steps : Felhng, bucking, yarding, chuting or

"roading," loading, hauUng to mill.



Bui. 426, U. S. Dept. of Agriculture. Plate V.

Transverse Section of the Wood of Sugar Pine Magnified 50 Diameters.

<:. w., Kiirly wfxj'l; i. id., laU; wooil; L, traclieids; p. v., pilli riiyw; r. c, renin canal.
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Radial Section of the Wood of Sugar Pine Magnified 50 Diameters.

t, Tracheids; p. r., pith rays; r. c, resin canal.
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Tangential StorioN of the Wood of Sugar Pine Magnified 50 Diameters.

L, Tracheids; j). r., pilh ruy.s; r. c, resin canal in i)itli ruy.
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The felling crew is generally made up of an undercutter, who
decides which way the tree shall fall and notches it with an axe on

that side, and two ''fallers," who cut the tree down with a cross-cut

saw. Such a crew usually fell from 55,000 to 60,000 feet per day.

They are followed by the marker, who divides the tree into the proper

log lengths, and the buckers, who cut it into logs. Working singly

with crossH3ut saws, the buckers average 9,000 to 10,000 feet daily.

The next step, yarding, consists in transporting the logs from the

woods to the chutes or railroad landings. This is accomplished

generally by means of steam donkey engines called "yarders,"

which operate strong wire cables reeled on drums. The largest

machines can carry sufficient cable to bring in logs 2,000 feet away;

1,200 feet is an average pull, however. From 10 to 13 men are

required in a yarding crew for handling from 25,000 to 40,000 feet of

logs per day. Wherever possible, logging railroads are used and the

yarding engines are located along these roads. Sometimes, however,

when the logs reach the yarder they are placed in V-shaped log

chutes and pulled to the mill or raihoad by another usually larger,

donkey engine known as the chute donkey, roader, or bull donkey.

At the mill the logs are generally placed in a pond for storage.

From here they can be readily pulled into the mill for sawing.

The average cost per 1,000 feet of logging sugar pine and yellow

pme is about $5.30, itemized as follows:

Chute construction $0. 15

Railroad , 50

Depreciation 35

5.30

Felling and bucking $0. 65

Yarding 1. 80

Chuting (54 per cent of cut) 35

Loading 25

Railroad haul 1. 00

Supervision 25

In the sugar-pine region various methods of logging are used.

Small-mill operators can not make the heavy investments necessary

for donkey engines, and they commonly yard logs to chutes by means
of six-horse or eight-horse teams. The logs are hauled in the chutes

in trains of 8 or 10 by similar teams. These horse chutes usually

end at the mill. Other small outfits deliver the logs at the mill by
means of eight-horse trucks, which are loaded by horses at landings

in the v.'oods. In the northern part of California many localities are

so smooth that large operators find it an economy to yard logs by
means of horses and overhead big wluuds.

MILLING.

Two main types of mills are us(id, those in which circular saws do
the cutting, and the larger, more modern mills, which employ band
saws. Rotary mills usually saw lumber for th(i local niitrket. While

such mills require a smaller investment than band mills, their output

is less, the cost of operation is higher, and the wasto is greater. The
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usual daily output of circular mills varies from 20,000 to 40,000 feet,

while single band saws cut about 60,000 feet in a 10-hour shift.

The double-band type is usually installed now by large operators.

Such a mill running night and day, a practice frequently followed

during good market conditions, manufactures from 225,000 to 250,000

feet of lumber each day, or from 40,000,000 to 50,000,000 feet each

season.

The following cost items give a correct general idea of the expense

of manufacturing sugar-pine lumber from the time logs reach the

pond up to and including the loading of the finished lumber on cars

for shipment.
Cost per 1,000 boardfeet.

Unloading logs in pond
Milling ,

Maintenance .'

.

Distribution and yard handling ,

PiUng

Surfacing a part of stock and loading on cars

Sugar pine is cut in the following stock sizes: V, IJ", 1^", 2",

2y, 3'', and 4''' in grades Nos. 1, 2, and 3 clear and Nos. 1 and 2 shop.

Dimension stock, gi^aded Nos. 1, 2, and 3 common, is cut 1^' and 2",

while box, which uses up nearly the entire output of common, is cut 1"

and l~y. All grades above common are cut to surface, on two sides,

fuUf'', l^Zg-" l^'', If", 2^^", 2|", and3|''. Slabs and other "waste"
sometimes are used in the manufacture of 4-foot lath. Much of the

sugar-pine lumber now being supplied to the markets east of the

Sierras is in the form of shop lumber for general mill-work. Siding,

ceiling, etc., are manufactured only incidentally to fill special orders,

and can not be considered standard products of sugar-pine mills.

CUT.

Sugar pine was not exploited extensively until 1895, and no attempt

to market it as a separate species was made until 1901. Exact figures

showing the amount cut up to 1907 are not available, but, as nearly

as can be ascertained, this amount ranged from 30,000,000 feet in

1902 to 90,000,000 feet in 1907. The mills cuttmg sugar pine and
other species produced approximately 500,000,000 feet board meas-

ure, of all species, annually from 1909 to 1913. Sugar pine formed

22 per cent of this amount, or 110,000,000 feet. The cut in 1908 was
somewhat less on account of the industrial depression. In 1913 the

cut was close to 120,000,000 feet.

Probably a billion feet of sugar pine has been cut since 1901, or a

little over 2 per cent of the total stand. The disturbances in the

lumber market attendant upon the European war have probably de-

creased this scale of production temporarily. Large holders of pine



SUGAR PINE. 15

timber are, however; begiruiiiig to feel the pressure of interest charges,

taxes, and other items of expense connected with carrying stumpage.

Operations have recently started on a large scale on two such holdings,

and there are indications that several more will follow withui the

next 5 years shoidd market conditions improve with the closing of

the war in Europe. The carrying charges on National Forest stump-

age are borne by the United States, and a constantly mcreasing num-
ber of lumbermen are operating in Government timber. It is pre-

dicted that the annual cut of California pine will reach 650,000,000

feet by 1920. " Of this amount 150,000,000 should be sugar pine.

Table 5 gives the number and type of the principal mills at present

producing sugar-pine lumber, together v/ith their average and total

annual output of this species.

Table 5.

Type of mill.

Double
band.

Single
band.

Circular. Total.

Number of mills
Average annual output, feet, b. m
Total annual output, feet, b. m. .

.

10

8, 008, 000
80,080,000

2, 500, 000
20, 002, 000

15

704,000
10,561,000

33
11,212,000

110,643,000

GRADE PRODUCT OF SUGAR-PINE LOGS.

The average quahty of sugar-pine timber is fairly weU indicated

by the results of a miU tally of 855 logs made during the summer of

1914 at about the middle of the range of this species from north to

south. Farther south the quality is better, and farther north,

poorer. The logs are divided into three grades: Grade I, or clear

logs; Grade II, or shop logs; and Grade III, or rough, common logs.

Both sound and defective logs were tallied. Grade I logs made up
22.7 per cent of the net log scale; Grade II, 42.8 per cent, and Grade
III, 34.5 per cent.

Including both sound and defective logs, the quality of lumber
v:ithin each log grade, by actual tally, is shown in Table 6.

Table 6.

—

Lumber grade froduct of sugar pine within log grades.

firade of log.

Grade I .

.

Onjdell.
Grade III

All grades

1 and 2

clear.

Percl.
33.

4.2
.»

9.4

3 clear.

Per cl.

9.3
2.(5

.4

3.3

C .select.

Percl.
0.2
.1

Au.s-
tralian.

Per cl.

0.5
.1

1 .shop.

Percl.
19.3
15.9
2.7
11.9

2 shop.

Per cl.

11.0
22.3
6.8
14.2

3 .shop.

Per cl.

2.6
7.7
6.6
6.2

1 and 2
com-
mon.

Per ct.

1.0
37.9
63.2
41.9

3 com-
mon.

Per ct.

0.4

".'2

Box.

Per ct.

8.5
8.8
19.4
12.5

TJic proportion of viU']\. of th(^ principal lumber grades produced
frcuri diamc^ter clasHcs of sound logs is giv<>n in Tubh; 7. Tlic diame-

ter clu.sKos are based upon tlie small-end diameters of logs and are

inclusive.
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Table 7.

—

Lumber grade product of sugar pine by log grades and log diameter classes.

LOG GRADE I.

Diameter class logs.

25 to 28 inches

.

29 to 32 inches

.

33 to 36 inches

.

37 to 40 inches

.

41 to 44 inches.

land 2
clear.

3 clear. 1 shop. 2 shop. 3 shop.
1 and 2
com-
mon.

Per ct. Per ct. Per ct. Per c Per c Perct.
21 8 19 10 2 35
23 8 20 11 2 31
25 9 21 11 3 25
27 10 22 11 3 21
30 10 22 12 3 16

Box.

Per ct.

5

5
6
6
7

GRADE II.

21 to 24 inches

.

25 to 28 inches.
29 to 32 inches

.

33 to 36 inches

.

37 to 40 inches.
41 to 44 inches

.

3 2 10 18 6 57
3 2 11 23 6 50
3 2 13 25 6 44
4 2 17 26 6 38
6 4 20 24 6 33
7 S 22 21 7 30

GRADE III.

9 to 12 inches .

.

13 to 16 inches

.

17 to 20 inches.
21 to 24 inches

.

25 to 28 inches

.

29 to 32 inches

.

33 to 36 inches.

0.1
0.2
0.3
0.4
0.4

0.1
0.1
0.2
0.2

0.5
2
7

12
15
19

0.5
3
8
13
17
21

14
15
14.9
14.7
13.6-

13.4
12.4

The same study gave figures on the overrun of the lumber tally

over the log scale (Table 8). The mill was an efficient single band
with standard equipment. The sawing practice was normal for the

region, except that railroad ties were sawed from many of the top

logs, which gave too high an overrun for Grade III logs.

Table 8.

—

Overrun by log grades and log quality.

Soimd
logs.

Defective
logs.

Sound
and

defective
logs.

Per cent of the log scale.

Grade I 3.0
6.3

11.6

2.1
4.6
8.9

2 6
Gradell 5 9
Grade III

Total 7.8 4.6 7

VALUES AND GRADES OF LUMBER.

The value and amount of the higher grades of lumber obtained
from a species measure its intrinsic commercial worth.

Sugar pine logs yield a higher percentage of wide, clear, high-grade
lumber than yellow pine. This material commands a high price for

special uses in the trades, which accounts for the lumberman's
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decided preference for sugar pine timber. The choice material is

derived from large, overmature trees. The smaller trees are on a

par with yeUow pine in value of product, and at the time of a second

cutting the value of these two species will undoubtedly be nearly

identical.

Table 9 shows the average percentage of the various grades pro-

duced from sugar pine and yellow pine in the best representative

Sierra Nevada stands. In the very best stands sugar pine cuts out

as high as 50 per cent upper-grade lumber (No. 2 shop and better).

Table 9.

—

Average percentage of the various grades producedfrom sugar pine and yellow
pine.

Grade.i

No. 1 and clear.

No. 3 clear

C select

No. 1 shop
No. 2 shop

apecics.

Sugar
pine.

13.2

6.6

U.O
13.2

Yellow
pine.

10.0
3.6
3.6
8.0
10.8

Total uppers. 37.0

Grade.i

No. 3 shop
No. 1 and 2 common
Box
No. 3 common

Total louvers..

Species.

Sugar
pine.

5.0
22.0
23.0
6.0

56.0

Yellow
pine.

6.0
25.0
27.0
5.0

63.0

1 Sugar and yellow pine are graded under rules established by the California Sugar and White Pine Co.,
of San Francisco, Cal. (See Appendix, p. 40.)

Although market prices fluctuate considerably from yea,r to year,

they indicate comparative values. There was a strong rising market
for Cahfomia sugar pine from 1903 to 1907. The financial depression

of 1907 produced a decided slump, which was followed by a partial

recovery in 1909. From 1909 to 1912 prices were fairly constant,

with a slight tendency to increase. In 1914 the general business

d(^pression and European war were severely felt in the pine market.

Table 10 shows concretely the general increase in the price of

upper grades and a comparison between 1905 and 1912 prices.

Table 10.

—

Net selling price rf sugar and ycllov) pine lumber by grades, f. o. b. mill

Grades.

Nos. 1 and 2 clear
No. 3 clear
C.select
No. 1 shop
No. 2 ^hop
No. .3 shop
Nos. 1 and 2 common.
Box.
No 3 common.

I'riccs per 1,000 feet.

1905

Sugar pine.

$43. O0-$in. 00
33. 00- 38. 00

22. 00- 28. 00
15. 00- 18. 00

Sugar pine.

$50. 00-$57. no
38. 00- '10. 00
38. 00- 40. 00
30.70- 31..30
20. '\r>- 22. 00
13.2.5- 15.00
1'1.7.'>- 18.00
12. 50- 13. .50

10.00- 12.00

Yellow pine.

$37. 7r>-$-12. 50
32.00- .31.00

31.00- 33.00
24. 00- 20. 50
15. 50- 20. (K)

13.00- 15.00
14.00- IK. 00
12.00- 13.50
3.10- 11.40

55380°—Bull. 426—10 3
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The "mill-run" value, which is the average of all prices obtained

for the various gi-ades manufactured, varies with the location of the

mill and the quahty of the timber. The greater the proportion of

the lower grades produced, the lower is the average mill-run price.

In appraisals of National Forest stumpage, the average mill-run

prices of sugar pine shown in Table 11 were ascertained upon the

basis of selhng prices current during 1912.

Table 11.

—

Mill-run values of sugar pine lumber.

[Price per 1,000 feet.]

Species.

Locality.

Specie.s.

Locality. 1

Sugar Yellow
pine. pine.

Sugar
pine.

Yellow
pine.

Siskiyou County S21.00 819.00
21. 00 19. 00
24. 10 1 19. SO

1

Pluxnas Countv S23. 00
24.00
23.45

S19. 00
Upper Sacramento
Lower Sacramento

Central San Joaquin 20.00
Southern San Joaquin 19.65

DEPRECIATION OF SUGAR-PINE LUMBER DURING AIR SEASONING.

In the summer of 1914, the Forest Service carried on a study to

determine the depreciation in grade of pine lumber during air

seasoning. Depreciation during seasoning by this method is caused

by checks, blue stain, brown stain, warping, sphtting, and breakage
in handhng. The heaviest depreciation occurs in high-grade lumber
(No. 2 shop and better). The amount of loss is determined largely

by climatic conditions, method of piling, location of pile, length of

ime in pile, and characteristics of species.

At lumber yards in the hot valley regions of California brown statin

seems to cause one-third of the depreciation in grade.

Table 12 shows the percentage of the total loss in grade in rough
sugar-pine lumber, No. 2 shop and better, which resulted from blue

and brown stain during air seasoning at such a yard.

Table 12.

—

Percentage of total loss in grade in rough sugar-pine lumber.

Thickness in quarter inches.

Defect. 4:4 5/4 6/4 8/4

i

10/4 12;'4 16/4 Total.

Percentage of loss.

Blue stain 19. 67
10.70
4.44

3.94
4.33
5.46

3.35
44.29.
4.63

3.56
39.33
6.06

5.09
Brown s.tfiiTi 2.01

..

35 87
Blue and brown 1 5.38

Total 46.34

i

In cooler moujitain yards the loss from blue stain is much greater

than that indicated in this table, and the loss from brown stain

much less. Brown stain develops rapidly in kiln drying, and for

this reason but comparatively little sugar-pine lumber is artificially
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seasoned. Heavy thick boards cut from the sapwood are especially

subject to brown stain, while heartwood boards seldom stain except

under the "stickers,"

Table 13 gives the results secured from piles at a representative

mill in the central Sierras, elevation 2,500 feet. These results

should be considered simply as illustrations of what has occurred

under certain specific conditions. The study has not yet progressed

far enough to allow of general conclusions.

At this mill all sugar pine is air seasoned. The No. 3 shop and

better is cut principally 6/4 in thickness, although 4/4, 5/4, 8/4, and

10/4 material is manufactured. Depreciation increases with the

thickness of the lumber.

The piles of No. 3 shop and better were put up with three 2 by 4 by
16 inch rough-dry white-fir stickers and three 8-inch chimneys. The
pile foundations had a slope of 1 inch to the foot. Piles were roofed

and sun covere were used on highest grade material.

Table 13.- -Depreeiation in various grades of sugar-jmie lumber during air seasoning at

a mill in the central Sierras, California.

Original grade and
tMckness.

Length of time in pile.

Total
contents

pile.

Amount
lowered
in grade.

Value
loss.

1, 2, and 3 clear—8/4. .

.

1, 2, and 3 clear—6/4. .

.

No. Ishon—6/4
No. 1 shop—6/4
No. 1 shop—8/4
No. 2 shop—6/4
No. 2 shop—6/4
No. 2 shop—6/4

Aug. 5, 1914, to Oct. 14, 1914.

July 14, 1914, to Oct. 14, 1914.
May 31, 1914, to Oct. 13, 1914.
May 1, 1914, to Oct. 10. 1914.

.

Aug. 20, 1914, to Oct. 10, 1914
July 24, 1913, to Jiuie 13, 1914
Oct. 30, 1913, to Oct. 1, 1914..
Apr. 28, 1914, to Oct. 1, 1914.

Feetb.in.
10, 244
4,371
5,334
4,582

27, 606
4,842

16, 585
6,733

Feet b. VI.

2,086
75
51

7
810
260
207

3.71

.37

.10

.30

.42

.10

The summer depreciation at this mill in connection with air

seasoning of sugar pine appears to be about $1.90 per 1,000 feet for

Nos. 1, 2, and 3 clear, 15 cents for No. 1 shop, and 12 cents for No. 2

shop. In addition to this, it is estimated that about 1 per cent of the

material depreciates one grade during the winter.

Upon the basis of this study, the following suggestions are offered

for decreasing loss through depreciation in grade during air seasoning.

(1) Cut tliick stock (8/4 and thicker No. 2 shop and better) early

in the season so as to allow time for drying.

(2) Clear away vegetation around piles.

(3) Keep rear pile foundations far enough olT ground to allow of

good air circulation.

(4) Provide a roof with 4-foot extensions front and roar for piles

of high-grade pine loft in yard over winter.

(5) Provide sun covers during sninmer for pikw of liigh-gradc

material.

(f)) Provide shed capacity for as much dry lumber as ])(».sil)le to

be held over winter.
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(7) Whenever possible, take down lumber as soon as it is dry.

(8) Pile each length of lumber separately.

(9) Surface stickers when blackened by stain.

(10) Whenever possible, saw 8/4 and thicker pine stock either all

sap or all heart.
MARKETS.

Sugar pine is being called upon more and more each year to take

the place of eastern white pine (P. strohus), which for the past two

centuries has represented the standard of excellence, not only in

America, but in many foreign markets as well. The development of

new markets in recent years has made possible the introduction of

sugar pine in South America, the islands of the Pacific, and the

Orient, and, wherever introduced, it is meeting with the same general

success which has characterized its entrance into the markets once

wholly supplied by white pine. In large dimensions it has already

largely supplanted the latter. Its uniformly high quality is gradually

gaining for it well-merited recognition in many specialized industries.

The leading manufacturing industries along the Pacific coast, from

Seattle to Los Angeles, are dependent largely upon sugar pine for the

high-grade products for which white pine has been essential in other

parts of the United States. The wood-using industries of the coast

consume nearly 60,000,000 feet annually, the manufacturing plants of

California alone working up 35,000,000 feet (exclusive of bridge con-

struction, sluicing, dimension stock, and general building material).

Fifteen million feet are shipped annually into the territory lying

between the Rocky Mountains and the Atlantic seaboard, and
10,000,000 feet go to foreign ports.

USES.

In 1908 the amount of white pine manufactured was 33 times the

amount of sugar pine; in 1911 the ratio was reduced to 27 to 1,

primarily because of the decrease in the supply of white pine and m a

lesser degree because of an increase in the cut of sugar pme. In

1911 sugar pine ranked twenty-fourth in the United States in the

amount of sound lumber produced.

Table 14.

—

Amount of sugar-pine lumber used in various California industries in 1910.

Industry.

Boxes and packing
Brushes
Elevators
FLxtiures
Frames and molding
Furniture
Musical instruments
Instruments, professional
and scientiiic

Machine parts
Patterns
Planing-mill products

Feet used,
b. m.

20, 536,

3,

15,

150,

2,

364,

4.

4
59

1,317

Per cent
of total.

68.763
.010
.043
.430
.OOS

1.043
.014

.001

.012

.113
3.770

Industry.

Sash, doors, blinds, general
millwork

Ship and boat building
Tanks
Trunks and valises
Vehicle parts
Wood carvings
AVoodenware and novelties
Miscellaneous

Total

Feet used,
b. m.

11,930,303
75,000
10, 750
11,000
1,000
3,000

418, 563

40,000

34,946,950

Per cent
of total.

34.140
.220
.031
.031
.003
.IJ08

1.200
.120

99.9
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Table 14 shows the amount of sugar-pine lumber used in various

California industries during the year 1910. Exact figures for all indus-

tries are not available, but those in the table are sufficiently acciu-ate

to give a fairly reliable indication of the value of the species for various

pm-poses. It will be noted that a large percentage of the box lumber

is used locally.

With the advent of the sawmill in California, the more accessible

stands of sugar pine were eagerly sought by the lumbermen because

of the superior quality of the lumber. Its durability, lightness, and

softness as compared with other available woods led to its use for

shakes, flumes, sluice boxes, bridges, houses, barns, fences, and

numerous other purposes. Shingle manufacture has to some extent

replaced shake making. The early demand created by the fruit

industry for trays and boxes was met largely by the sugar-pme mills.

With increased use prices were stimulated, good grades increased in

value, and the lower grades were utilized in box making. Because

of its color, lightness, and freedom from taste and odor, sugar pine

has remained a favorite with raisin packers. Some mills work a por-

tion of then' output into raisin trays, some specialize in raisin boxes,

and nearly all utihze their poorer grades for box shocks or dispose of

them to box makers. About 65,000,000 feet are used in California in

bridge construction, sluicing, dimension stock, and general building

material.

Because of its straightness, softness, freedom from warpmg and

shrinkage, splendid service when exposed to weather, and fine finish-

ing quahties, sugar pine is a very important wood in the manufacture

of special-order sash, doors, and blinds, decks of boats, and general mill-

work. These same qualities make it valuable for frames and stair-

work. For pattern and model making, which require woods easily

worked, glued, and nailed, it is a close second to white pine. Fixture

manufacturers use it for altars, beading, show cases, counters, veneer

cores, shelving, and drawers. Freedom from taste and odor make
it especially valuable for druggists' drawers, for compartments for

spices, coffee, tea, rice, sugar, and other provisions, and for shelving.

Furniture manufacturers turn it into backing, built-in dressers, side-

boards, carved work, core stock, table frames, and tops. Tanks, hot-

grease vats, troughs, and water boxes, requiring freedom from taste

and permanence, are frequently of this wood. Its lightness rc^com-

mends its use for special trunks and sample cases. Its straight grain

and permanence give it a place in the manufacture of piano and pipe-

organ keys and actions, and player pianos; and the same qualities,

together with lightness, place it among the best woods for drawing

boards and extension level rods.

Largo quantities aro used by planing mills in the manufacture of

cut siding, int<;rior finish, and moldings. It takes readily the finest

enamel finish.
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In addition to the above, sugar pine is used for drainboards, elevator

floors, brushes (brush blocks), apiary supplies, machine parts, saddles

(saddle trees), shade and map rollers, wood carvings of all kinds, oars,

slack cooperage, woodenware, bakers' work boards and troughs,

dresser brackets, and small turnings and fencing. A large quantity is

made into matches.
SHAKE MAKING.

The manufacture of shakes (hand-split shingles) consumes only a

small amount of sugar pine, but the industry is unique and is an
interestmg survival of pioneer methods. In the days of the forty-

niners shingles and other modern roof coverings were, of course, not

available. The early settlers, however, soon discovered that the

straight-grained sugar pine closely resembled the white pine with

which many of them had been familiar in the East or Middle West
and could readily be split by hand mto rough shingles. Piles of

refuse made up of the rougher unusable portions of the tree left

scattered throughout the forest stiU testify to their activity, although

the industry has diminished with the coming of transportation and
the sawed shingle until now it is only practiced by a few old, skilled

workmen, or in localities still remote where other roof coverings are

prohibitive in price. Tray boards, used in the manufacture of

frames or ''^ trays" for fruit drying, were formerly made to a large

extent by hand from sugar pine also. Now, however, small shingle

and tray mills are fmding their way into the mountams and are

takmg the place of the hand workman.
The shake or tray maker demands the best straight-grained trees.

A number are generally tested by chipping before a suitable indi-

vidual is found. After felling, the tree is sawed into blocks gen-

erally 32 inches long for roof shakes and 24 inches long for tray

shakes. The blocks are split into bolts, and these are again divided

into sections which will allow of splitting out shakes of the width

desired. These sections are then placed in a frame, which holds

them firmly, while the workman rives the thin shakes with a heavy
wide-bladed knife called a "frow," driven by a hand maul. This

process requires much skiU, and it is fascinating to watch a skilled

workman engaged in it. Roof shakes are usually 32 inches long,

5 inches wide, and three-sixteenths of an inch thick on the mner
edge; tray shakes are 24 mches long, 6 niches wide, and one-foiu-th

inch thick.

The making of shakes from green timber results in the waste of

about 25 per cent of the tree, and is therefore an imdesirable prac-

tice. The use of dead sugar pines, both standing and down, f'or

shakes is encouraged by foresters, however, since in this way partial

utilization of merchantable material that would otherwise be wasted

can be secured.
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STUMPAGE PRICES.

Theoretically the stumpage value of a given body of timber is

that portion of the difference between the cost of operating and the

selling value of the manufactured product remaining after a reason-

able profit has been deducted for the operator. National Forest

stumpage is appraised on this basis. Thus stumpage values mcrease

or decrease directly as the selling value of the product, and inversely

as the cost of operation. Stumpage values, however, trend steadily

upward with much less fluctuation than there is in lumber prices.

Generally speaking, the value of the stumpage on different tracts in

the same general locahty varies with the kind and quality of timber,

ease of logging, and general accessibility of the tract to the market.

The value of private stumpage is materially affected by carrying

and holding charges, which consist of the cost of fire protection,

taxes, and interest. With interest at 6 per cent, the total annual

carrying cost is probably about 8 per cent of the value. This annual

cost must be compounded; therefore, stumpage must double in value

about every decade hi order to make the holding of it profitable.

It is only in comparatively recent years that separate stumpage

values have been placed on sugar pine as distinguished from yellow

pine. The buJk of the pine timberlands in California m private

ownership were acquired from the Government under the timber and
stone act at S2.50 per acre. These claims were ultimately disposed

of to speculators upon an acreage basis which meant anywhere from

10 cents to 20 cents per 1,000 feet board measure. Especially acces-

sible or well-located tracts brought from 30 cents to 50 cents per

1,000 feet. This condition existed until the latter part of the nineties,

when more extensive operations brought about a rise in stumpage
values. Accessible sugar-pine stumpage in 1900 and 1901 was worth

about $1. By 1904 and 1905 private sugar pme stumpage was sold

at from 75 cents and $1 in Siskiyou County and the northern Sierras

to SI.50 and $1.75 in the southern Sierras. During 1905 considerable

sugar pino was sold from the National Forests in the southern Sierras

at $2 per 1,000 feet. These same sales included yellow pine at $1.50,

white fir at 75 cents, and incense cedar at 50 cents.

The value of privately owned stumpage has uicreased still further.

Sales arc now made on the basis of board-measure estimates or actual

scale. However, in most transactions sugar pine and yellow pine are

includod at the same rate, and in many cases a flat rate is still made
covering all species. For wcdl-locatcd timber this flat rate is in the

neighborhood of $1.75 to $2.25 per 1,000 feet; or sometimes $2.50

per 1,000 feet if the proportion of inferior species is light. Assigning

to sugar pine its proper share of this averag(^ ])rice would msike it

worth from $3 to $4 per 1,000 feet. Timber hns advantag(M>usly

located is sold at an average rate of $1.25 to $1.50 per 1,000 feet.
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The range of stumpage rates secured for sugar pine in sales of

National Forest timber in California made during recent years is as

follows

:

Maximum. Average. Minimum.

$3.50
3.50
3.50

S3. 40
2.75
3.00

S2.75
Central Sierras 2.50

2.75

Within the California National Forests extensive bodies of timber

containing sugar pine are now being offered for sale, and complete in-

formation regarding these tracts can bo secured from the district

forester at San Francisco, Cal. Operators in National Forest timber

are not required to make large advance payments ; and the stumpage
is not taxed, although the State derives a direct compensating revenue

from all sales, through the United States Treasury. Operations in this

class of stumpage are somewhat more expensive than on private lands

because from 10 to 35 per cent of the younger timber is left on the

area, and the piling and burning of refuse is required as well as the

cutting of unmerchantable trees which are a fire or disease menace.

These costs are taken into account in the appraisal, however, and are

borne by the stumpage and not by the operator.

GROWTH AND YIELD.

HEIGHT GROWTH.

One of the most remarkable characteristics of sugar pine is its

ability to sustain a rapid rate of growth up to a very advanced age.

Its rate of growth in height is comparatively slow; up to about 100

years of age it is less than that of yellow pine. At this point it forges

ahead and maintains its lead. In the most favorable situations, dur-

ing its first century of life, sugar pine makes an average annual height

growth of about 1 foot; during its second century, about 0.6 foot;

and during its third century, about 0.4 foot.

Foresters are interested principally in the rate of gro'v^th in. the

second-growth stands rather than in virgin stands, since this indicates

the possibilities of the species under management. In the case of

sugar pine it is very difficult to find representative second-growth

stands, because there are but few sufficiently old cuttings and because

sugar pine second-growth never occurs in dense young stands as

yellow pine does, but always in open, mixed stands where growth is

not forced so strongly by competition for light. Table 15 was pre-

pared from analyses of 29 rapid growing, young, second-growth sugar

pines. The contrasting yellow pine measurements were taken in

thrifty, dense, second-growth stands in Nevada County, Cal.
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Table 15.

—

Height growth of saplings and poles in the Sierra Nevada Mountains.

Sugar Yellow Sugar Yellow

Age.
pme pme

Age.
pme pme

total total total total
height. height. height. height.

Years. Feet. Feet. Years. Feet. Feet.
10 4 12 40 62 69
20 19 34 40 73 82
30 45 52 00 82 91

Height measurements of over 700 seedlings and saplings taken on
virgin forest areas show the average height of young sugar pines

gro\vn imder such conditions to be only about 5 feet at the end of 40

years. The above table indicates a height of 62 feet at this age. This

startling difference shows that the tree responds quickly to- proper

conditions of light, soil, and moisture, and is an encouraging indica-

tion of what may be accomplished by proper management.
In order to show the height growth of trees over 60 years of age,

287 trees were measured in four representative locahties in the virgin

forests of the Sierra Nevada Mountains. Table 16 shows the rates of

height growth in the best and poorest situations and also the average

growth on all plots.

Table 16.

—

Maximum, minimum, and average heights based on age in virgin California
forests {Sierra Nevada Mountains).

Age.

Total height. Maxi-
mum
current
annual
growth.

Age.

Total height. Maxi-
mum
current
annual
grcvth.

Maxi-
mum. Average.

Mini-
mum.

Maxi-
mum. Average.

Mini-
mum.

Years.
20
40
60
80

100
120
140
160
180
200

1

Feet.

8
24
49
K4

111
127'

139
148
157
165

Feet. Feel. Feet.

0.40
.80

1.25
1.75
1.35
.SO
.60
.45
.45
.40

Years.
220
210
260
280
300
320
340
360
380
400

Feet.

173
180
187
194
200
206
212
218

Feet.

148
153
158
162
167
171
174
177
180
183

Feet.

127
129
131
132
134
135
13G
137

Feet.

0.40
.35
.35
.35
.30
.30
.30
.30

23
45
72
92
106
118
127
135
142

ei

77
91
103
112
119
124

It is evident that tjic period of most rapid growth is from the

eightieth to the hundredth year of life in the best locahties, at which
time the annual increase in height amounts to 1.75 feet. At the ago

of about 110 years the rate of height growth Jias fallen off to such an

extent that current annual growth is less than the mean annual

growth or average annual growth for the entire growhig life of the

tree.
MERCHANTABLE AND CLEAK LENGTHS.

From a comriuTfial standpoint the merchantable lengt]i of a, species

(the Icjigdi of tliat s<;ction of tlie tree wJiich can be utilized ajid the

chuir Icnglli free from limbs and yielding higli-gradc lumber) is more



26 BULLETIlSr 426, U. S. DEPARTMEK"T OF AGEICULTUEE.

important than the total height. Because of its straightness, a very
large proportion of the bole of a sugar pile can be utilized. Further-

more, the lower branches of the crown fall off at a comparatively
early age, leaving an unusual clear length averaging 50 feet in nature
stands and not infrecjuently reaching 80 feet. A table, based on a

large number of actual measurements, showing the merchantable
length of trees of various diameters and heights wiU be foimd in the

Appendix.
DIAMETER GROWTH.

Sugar pines of the largest diameters are found on the best sandy
loam soils in fairly open situations. Trees in dense forest, in compe-
tition with others for light, are obHged to devote their energy to

height growth largely. Table 17 shows maximum, average, and
minimum diameters based on age in virgin stands.

Table 17.

—

Minimum, avei'age, and maximum groivth in diamet&f, on basis of age,

California..

Age.

Diameter breast-high outside
bark, in inches.

Age.

Diameter breast-high outside
bark, in inches.

Maxi-
mum. Average.

Mini-
mum.

Maxi-
mum. Average. Mini-

mum.

Years.
20 0.4

4

9.7
16.7
24.1
30.4
33.6
40.3
44.9
49.1
52.8
56.5

0.2
2.5
7.5

13.0
-

18.1
22.7
26.8
30.5
33.9
37.0
40.0
42.5

Years.
260 60.1

63.5
66.9
70
73.3
76.1

44.9
47.2
49.3
51.4
53.5
55.5
57.3
59.1

32.4
34.3
36.1
37.9
.39.5

40 2.S0

60 5.8
9.2
12.6
16.2
19.2
21.8
24.2-

26.4
28.6
30.5

300
80 320
100 340
120 360
140 380
160 400
180

Number of
stump an aly-
ses

200

20 474 22
220
240

The measurements upon which Table 17 is based were taken for

the purpose of showing the effect of locahty upon diameter growth
rather than the effect of various factors, such as soil, light, and mois-

ture, within a given locality. The maximum measurements were

secured among dominant trees within the western central Sierras,

the best range of the species. The minimum measurements were

taken among the same class of trees in Siskiyou County, northern

Cahfornia, toward the limit of the range. The average was obtained

by averaging the measurements taken in eight localities throughout

the State. The effect on the growth of unfavorable factors within a

given locahty approximates the effect of an unfavorable change in

latitude or altitude, however; therefore, the average growth shown
in the tables is indicative of the growth that trees somewhat crowded

for light, or growing on poorer soils, might make m a more central

portion of the range of the species. In the same way, the minimum
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figures represent rouglily the results under a still greater degree of

light or soil suppression.

It appears from the diameter-growth table that the maximum cur-

rent diameter gTowth occurs between 80 and 100 years, which is also

the period of maximum height growth. The maximum average

annual growth for this 20-year period is 0.37 inch. The rate of growth

in diameter decreases less rapidly, however, than the rate of height

growth, the current annual exceeding the mean annual growth up
to about the hundred and forty-fifth year. Usually the height

growth of a tree species culminates before the diameter growth.

Whether the sustained rate of height growth apparent m this species

is attributable to the fact that the trees measured grew in virgin

forest, where then* light requirements were not satisfied during youth,

or whether this is an mherent peculiarity, has not yet been fully

determined, and can not be until older, more normal second-growth

stands are available for study.

VOLUME GROWTH.

Table 18, showmg the growth in volume of sugar pine, is derived

from tables of average growth in diameter and height at various ages

and a volume table for trees of various diameters and heights (see

p. 37-38, Appendix). The striking feature shown by this table is the

great age to which the tree sustains volume production. Tlie current

annual volume growth remains above the mean annual growth for

over 400 years, over 300 years after height and diameter growth have
culminated. At 100 years of age the annual rate of volume growth is

2 cubic feet. It then increases steadily up to an annual rate of 5^

cubic feet at 350 years. The rate of volume growth remains prac-

tically constant from that age up to 460 years. No information to

indicate its behavior at a greater age has been collected.

Table 18.

—

Growth in volume, on the. basis of age, diameter, and hevjht of averaye domi-
nant trees, California Sierras.

Age.

Average. \'olume.

Age.

Average. Volume.

Diameter
outsi'le

hark- at
breast
height.

Total
height.

Cubic
feet

outside
bark.

Board
U'.itl

(StTiliner

Decimal
C rule).

Diamptei-
outside
bark at
breast
height.

Total
height.

Cubic
feet

outside
bark.

Bonrd
fe.it

(Spriliner

]3ocinin,l

rule).

Years.
20
40

m
10(J

12(»

lUl
160
ISO
200

Inches.
0.2
2. .5

7. .5

i:i.o

IX. 1

22.7
20. S
30. .5

33.9
37.0

Feef,.

H
23
45
72
92

lOti

lis
127
135
142

Yedrs.
220
2)0
200
2H0
3(K)

320
340
300
3Hfl

4(10

Ivclici.

40.0
42.5
44.9
47.2
49. 3
61. t

53.

5

5.5.5

57.3
59.1

Feet.
MX
1.53

ir.x

UV2
107
171

171

177
ISO
1S3

530
630
733
83S
914

1,050
1,1.5S

1,270
1.3S0
1 , 4SS

2,a3n
3,4(10

4,120
4,8tO
5, .570

«.(«()

7,750
7,740
8,3H0
9. (MO

31
71

120
192
2<;s

31H
135

110
210
4<K)

WO
1,290
1,700
2 250
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Table 19 indicated the comparative rate of volume, diameter, and
height growth of suga,r pine and two of its common associates, yellow

pine and incense cedar. Sugar pine evidently outgrows cedar in all

three respects from its fiftieth year. It passes yellow pine in height

about the one hundred and tenth year, in diameter about the one

hundred and thirtieth year, and in volume about the one hundred
and fiftieth year.

Table 19.

—

Comparative rate ofvolume, diameter . andheight grovjth ofsugar pine and two
of its common associates.

Age.

Species.

Sugar pine. Yellow pine.i Incense eeclar.

Diameter
breast
high.

Height. Volume.
Diameter
breast
high.

Height. Volume.
Diameter
breast
high.

Height.
Vol-
ume.

Years.
20
40
60
80

100
120
140
160
180
200
220
240
260
280
300
320
340
360
380
400

Inches.
0.2
2.5
7. 5

13.0
IS.l
22.7
26.8
30.5
33.9
37.0
40.0
42.5
44.9
47.2
49.3
51.4
53.5
55.5
57.3
59.1

Feet.
8

23
45
72
92
106
118
127
135
142
148
153
158
162
167
171
174
177
180
183

Board
feet. Inches.

2.3
6.5
11.4
16.1
20.0
23.3
25.8
28.0
29.8
31.3

Feet.
12
29
57
79
94

104

112
118
123
127

Board
feet. Inches. Feet.

Board
feet.

3.2
6.4
9.8
13.6
17.8
21.3
23.6
25.8
27.8
29.8 .

31.7
33.6
35.4
36.9
38.2
39.2
40.1
40.9
41.6

::::::::::::::::i
23
49
65
75
82
86
90
93
96
98
101
103
105
115
118
119
120
121

70
140
230
310
390
490
600
720
850
970

1,090
1,200
1,290
1,380
1,440
1,510

110
240
490
850

1,290
1,760
2,250
2,830
3,460
4.120
4,840

- 5,570
6,020
7.050
7,740
8,380
9,010

210
360
610
890

1,170
1,430
1,640

i

1 From Forest Service Bui. No. 69, "Sugar Pine and Western YeUow Pine in California," by Albert W.
Cooper.

The average merchantable stand per acre of sugar pine varies

widely throughout its range. In general it ranges from 2,000 to

16,000 board feet, v/hich represents from 12 to 60 per cent of the

total stand. However, v/ithin the sugar pine-yellow pine type con-

siderable areas show an average of 20,000 feet per acre, representing

40 per cent of the whole

Table 20.

—

Maximum stands of sugar pine within the sugar pine-yellow pine type in

three localities.

Locality.
Western yel- i

a,,^,^,. ,,,•.,„

low pine.
Sugar pme. White fir. Incense cedar. Douglas fir. Total.

Tahoe National
Forest

Stanislaus Na-
tional Forest.

Bd.ft.

11,030

13, 750

14, 688

P.ct.

22.7

27.4

23.9

Bd.ft.

18,440

20,700

20, 538

P.ct.

37.9

41.2

33.4

Bd.ft.

7,174

11,370

19, 269

P.ct.

14.8

22.6

31.4

Bd.ft.

1,880-

4,430

6,904

P.ct.

3.^

8.8

11.3

Bd.ft.

10, 050

P.ct.

20.7

Bd.ft.

48,574

50,250

61,399

P.ct.

100

100
Yosemite Na-

tional Park.

.

100
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Table 20 shows maximiun stands of sugar pine within the sugar

pine-yeilow pine type in tliree representative Sierra Nevada range

locahties, as well as the proportion of other species in mixture.

The heaviest single acre estimate of which the Forest Service has

a record is 192,000 feet b. m., which amounted to 75 per cent of the

total estimate for the acre plot. Acres containing 75,000 to 150,000

feet b. m. are frequently found within the maximum range of the

species. The largest single tree measured by the Forest Service

scaled 40,710 feet b. m.

Table 21.— Yellow pine type (quality II). Yield per acre and increment per aa'e per
annum of all species.

Incre- Incre- Incre-

Age.
Yield ment per Age Yield ment per

Age. Yield ment per
per acre. acre per per acre. acre per per acre. acre per

annum. annum. annum.

Year-^. Bd.ff. Bd.ft. Years. Bd.ft. Bd.ft. Yearst Bd.ft. Bd.ft.
10 00 5.5 150 15, 900 106 290 33,200 114.5
20 220 11 160 17,900 112 300 33,300 111
30 550 18 170 19,900 117 310 33,200 107
40 1,000 25 180 21,900 122 320 33,000 103
50 1,600 • 32 190 23,800 125 330 32, 600 99
60 2,600 43 200 25,600 128 340 32,200 94.5
70 3,500 50 210 27, 200 129.5 350 31,700 90.5
SO 4,600 57 220 28,700 130.5 360 31,100 86.5
90 5.900 (T) 230 29,800 130 370 30,500 82.5
100 7,300 ;3 240 30,900 129 380 29,900 78.5
110 8,800 80 250 31,700 127 390 29,200 75
120 10,400 87 260 32,300 124 400 28,500 71.2
130 12,100 93 270 32,800 121

140 14,000 100 280 33,100 118

Table 22.

—

Fir-sugar pine type {quality II). Yield per acre and increment per acre

per annum of all species.

Incre- Incre- Incre-

Age.
Yield ment per Age.

Yield ment per
Age. Yield ment per

per acre. acre per per acre. acre per per acre. acre per
annum. annum. annum.

Ymts. Bd.ft. Bd.ft. Years. Bd.ft. Bd.ft. Years. Bd.ft. Bd.ft.
10 80 8 230 40, 500 176 450 88, 400 196.

5

20 300 15 240 43, 700 182 460 88, 700 193
30 700 23 250 47,000 188 470 88, 700 189
40 l,.30O 32 260 50, 300 193.5 480 88,500 184
50 2,0fJ0 40 270 53,600 198.5 490 88, 200 180
60 2,900 48 280 57, 000 203.5 500 87,700 175.5
70 3,900 50 290 60, 200 207.5 510 87,000 170.5
80 5,100 64 300 63, 500 211.5 520 86, 200 165.5
90 6,500 72 310 66, 5(X) 214.5 530 85, 200 161
100 8,000 80 320 69,200 216 540 84, 100 155.5
110 9,600 87.5 330 71,8(K) 217.5 550 82, 800 150.

5

120 11,400 96 840 74,200 218 560 81,500 145. 5

130 13,400 103 350 70,3(W) 218 570 80, 100 MO. 5

140 15, .000 111 360 78,.3(K) 217.5 580 78, 7(K) 135.5
l.OO 17, 800 118.5 370 80,1(X) 216.5 590 77, 300 131
\m 20, 2fX) 126 380 81,700 215 600 75,900 126. 5

170 22,600 133 300 83, 2(X) 21.3.5 610 74,.5IK) 122
ISO 2.v,2fJ0 140 400 84, 5(K) 211.5 020 73, 100 118
190 2S,000 147.5 410 85, 700 209 630 71, con 113

2fX) 31, (XX) 1.55 420 86, 6(K) 2<Xi 640 70, 000 109.5
210 34,fXX) 162 430 87, 4(X) 203
220 37, 2fXJ 169 440 88, (XX) 2(X)

vSincc sugar pine never occurs in pure or even-aged stands, tlio

problem of predicting the acreage yield at various ages is a complex
one wliifh has not as yet been satisfa(;torily solved. Tables 21 and
22 indicate the probable yield of uU species in the yellow pine and
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fir-sugar pine types of which tkis species forms a part. They were
prepared from data collected on the Plumas Forest (Plumas County,

Cal.) during 1912 and represent results on areas of average pro-

ductiveness.^

These tables indicate that the maximum volume is produced at

300 years in the yellow-pine type and at 460 years in the fir-sugar

pine type. The highest rate of volume production, however, occurs

at 180 years in the former type and at 280 years in the latter.

- MANAGEMENT.

The manner in which any tract of forest land is handled depends,

of course, entirely upon the wishes or necessities of its owner. If

present financial considerations demand it, clear cutting of all mer-
chantable trees must be practiced. Some lumbermen, by following

this poHcy, jeopardize the future of the forest, encoiu^age species

of low value, and postpone a second cut for at least a centmy. If

esthetic considerations govern, then expenditures may be made
which will never yield a direct monetary retmii. If, however, the

owner desires to make his manufacturing business permanent and is

wilhng partially to subordinate present to future returns, he must
determine what classes of trees can be most profitably left to furnish

seed, shade, and a second cut ; what protective measures are necessary

and practicable to prevent the destruction of the trees left, both

during logging and later; and what amount he can spend annually

or periodically in artificial reforestation or thinnings if necessary.

There is a marked tendency now toward close utihzation of all pines

cut, toward leaving trees that are evident!}^ immature, and toward

protecting the remaining stand from fii^e and insects.

High taxes tend to prevent the practice of management on private

lands. Natm^ally lumbermen can not afford to hold land for a second

cut when taxes and other carrying charges will in the meantine

amount to more than the possible prospective profit. With low
taxes and carrying charges operators can afford to leave and to

protect young trees and trees of inferior species until they become
more valuable. Since lands in Federal ownership are not burdened
with as heavy carrying charges as private holdings, and since it is the

evident duty of the Government to experiment and lead in the field

of forestry, the cuttings on the National Forests are natm'ally the best

examples of present-day forest-management methods.

NATIONAL FOREST METHODS.

The following principles govern cutting in the sugar-pine type on

National Forests:

It is the general aim to improve the forest by cutting so as to put
it in condition to produce a sustained yield in future years when that

becomes necessary.

I S88 Appendix to Plumas Working Plan, by Barrington Moore, forest assistant, February, 1913.
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The exact age at which sugar pine and the various species which
enter into combination with it should be cut to yield the highest

return is dependent upon so many variable factors that it is impos-

sible to determine it with accuracy at present. Even if this were

determinable, however, such a cutting age (rotation) could not be

strictly adhered to, because, under present economic conditions,

demand and accessibihty must largely determine the time and place

of cutting. We know, however, that stands of yellow pine and sugar

pine reach their highest rate of volume production at about 180 years.

On average sites the diameter of sugar pine is approximately 33 inches,

and of yellow pine 30 inches at this age. White fir and cedar, the

two other principal species in mixture, while not so large at this age,

are of merchantable size and usually in need of cutting on account

of their susceptibihty to disease. Therefore, without danger of serious

error, stands in which sugar pine is an important tree may be cut

down to a diameter of about 30 inches.

This principle is used as a guide in the cutting done in such stands

within the National Forests, although the removal of smaller trees

and the leaving of larger is practiced whenever necessary for a

weighty special reason, such as the elimination of disease or the

creation of conditions favorable to reproduction. Diseased trees

are always cut and the merchantable portions utilized, since sani-

tation is as essential to health in a forest as in a human community.
Dead trees are a source of danger in time of fire and are felled. The
cost of this work to operators—^generally from 3 to 7 cents per 1,000

feet—is taken into accomit in fixing the stumpage rate.

Timber apparently ripe is always harvested, except when it is

clear that reproduction can not be secured on the area unless a few

trees of this class are left for seed or shade. The condition of the

cro"wii of the tree determines which individuals are to be cut. Trees

whose crowns are flattened are mature, or are not making profitable

growth, and should be removed. It is recognized that sufficient

timber must be secured from each tract to make the operation

profitable. Wliile this amount varies with the investment and with

logging conditions, from 12,000 to 18,000 feet per acre is usually a

profitable cut. The removal of this amount should leave a sufficient

basis of yoimger trees for a second cut in from 50 to 60 years. It is

expected that lumber prices wiU have increased by that time to a

point whi(;h will allow of operating at a profit for a smaller per acre

yield.

Practical considerations demand that trees so situated as to bo a

hindranf-e to carrying out the most feasi})le and economical logging

plan bo cut whether mature or not. This practice is followed in

preference to leaving such trees to inevitable injury, which will lessen

tlicir growth mikI perhaps cause disease.
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Studies of the grades cut from pine logs of various dimensions indi-

cate that knotty trees under 32 inches in diameter produce largely

common and box lumber, which can be marketed at present only at a

loss or at a very slight profit. Such trees may profitably be left for

seed or protection and to form a part of the next cut, for which they

will be more valuable because of increased growth, higher selling

prices, and a greater percentage of high-grade product as the result

of natural pruning.

The white fir and cedar in sugar-pine stands are now difficult to

market at a profit above the bare cost of production. Both of these

species have greater prospective than present values—the former for

pulp as well as lumber, the latter for pencil stock and other refined

uses. It appears to be wise management, therefore, to remove only

the dead, diseased, and mature trees which will not remain mer-

chantable until the next cut. Young sugar pine reproduction

requires shade in youth, and these species are left to furnish it in

preference to others of more value. Their reproduction will endure

shade, and is therefore a va,luable agent in preventing brush from

securing control of cut-over areas.

In applying the above principles on National Forests the cutting is

so regulated as to create conditions favorable to the securing of a

stand of young trees through natural regeneration, because the per-

petuation of the forest depends upon this. Sugar-pine seed is eaten

in large quantities by rodents and birds, and since young trees

require protection from too severe light for the first 10 years of their

life the securing of young growth is rather a difficult problem.

Eventually, when transportation and market conditions allow of cut-

ting over areas frequently for a small volume of timber, the shelter-

wood system of cutting will probably be applied where sugar pine

makes up 20 per cent or more of the stand. This system provides for

several successive operations separated by short intervals; the first

opens up the stand slightly to afford just sufficient light to stimulate

the seed-producing capacity of the remaining trees and to secure young
growth; the second follows after reproduction has been secured

and partiaUy frees it from shade; the third removes the remaining

mature trees. At present, however, this system would not j)ay.

In the sugar-pine type the forest is made up of groups of mature
sugar pine and its common associates, interspersed with openings and
approximately even-aged groups of younger trees of the same com-
position, as well as of trees of various ages and species occurring

singly. On areas where the occurrence is in groups the clumps of

mature trees are cut clean and the immature are left. Sometimes it is

necessary to leave a mature tree which may occur in an immature
group from which it could not be removed, or to remove a few imma-
ture trees from mature groups because of the likelihood of wind
damage or to free reproduction from shade. In cuttings of this
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nature tile reproduction of the more light enduring species, such as

yellow pine, white fir, and Douglas fir, take possession of the openings

fii'st, and young sugar pines are confined to the zone of partial shade
around the groups left. Later, after partial shade has been estab-

lished in the openings, some sugar pine enters the mixture and tends

eTentuaUy to outdistance the other trees because of a more rapid and
sustained rate of growth. This method of cutting is known as the

group-selection system. Generally from 65 to 75 per cent of the

board-measure content of the stand is removed.

On areas covered with trees of various ages mingled together the

so-called selection system of cutting must be applied. Each tree is

subjected to the test of maturity, health, and value of contents.

Mature and unhealthy trees are removed. Immature trees, or trees

of the less valuable species, such as fir and cedar, are left to furnish

shade and protection. Whenever it is necessary to remove a few

pines not fully mature in order to make the operation profitable, those

that will yield the highest grade product are selected.

Such a cutting results in maximum openings of an acre in the forest

cover and in the removal of from 75 to 85 per cent of the mature stand.

These openings will, it is believed, on fairly favorable situations

restock with yellow pine, fir, and cedar, followed by sugar pine when
proper shade conditions have been established, as in the group-

selection system,
UTILIZATION.

While logging on private lands is still wasteful, utilization is far

more complete than it was 10 or 15 years ago. At that time only the

larger pine trees were cut. Stumps were sometimes cut as high as 4

feet and only the clear length of the trees removed. Wasteful lum-

bering in the past has been due primarily to low stumpage values and
poor market conditions. The cost of transportation has been another

important factor, since only the better class of material could be

hauled to market at a profit.

With the rapid growth of the lumber industry in California more
modern methods of logging have been adoj)ted. Some concerns cut

only the best fir and cedar, but pines are frequently utilized to a

diameter of ] inches in the tops. Stumps are usually cut from 18 to

24 inches high. Even tops and limbs are, in favorable localities,

utilized for firewood.

In sales of National Forest stumpage the closest utilization con-

sistent with modern logging methods and marlvet conditions is prac-

ticed. Stumps are cut 18 inches or less in height; trees arc utilized

to a top diameter of at least H) in(;hcs in the case of pines and 12

inrhcs for other species, and all species are logged. Pine logs which

contain 33 per cent, and logs of other less valuable species which con-

tain 50 ])cr cent sound lunil;cr, are considered jnerchantablo.
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PROTECTION.

No scheme of management should be undertaken or can be success-

fully carried out unless the area involved is adequately protected

from destructive influences. Fire, insects, and disease are the most
active agents of tree destruction. Of these, fire is the most important,

because it not only kills all young growth and injures or kills mature

trees, but also depletes the soil by consuming the humus, and destroys

other forms of property as well as life. Within the National Forests

of California during 1914, 1,304 fires occurred, causing an estimated

loss of about $77,000.

Virgin stands in which no cutting is being done should be protected

by eliminating the causes of fire as much as possible by the use of

suitable warning signs and other regulation and by a systematic

patrol for the detection of fires. The efficiency of any patrol is con-

siderably increased by instalUng telephone lines and by a good sys-

tem of roads and trails constructed, wherever possible, so as to act

as firebreaks. Under such conditions one patrolman, at a salary of

$300 for himself and horse for the danger season of four months,

should take care of from 25,000 to 30,000 acres. An adequate patrol

system should not cost over 2 cents per acre per annum.
Fire risk naturally increases when lumbering operations start, be-

cause of the presence of engines and men as well as slash. Precau-

tions are therefore particularly necessary. The most effective pre-

caution is the disposal of slash by burning. On National Forest sale

areas in Cahfornia all slash is piled at once in tepee-shaped piles and
burned at a favorable season. This operation costs from 20 to 30

cents per 1,000 feet board measure.

All engines used in connection with logging should, when possible,

burn oil. If this is not feasible, they should be equipped with ade-

quate spark arresters and with hose and water under pressure for put-

ting out fires which start in their vicinity. Supplies of shovels and axes

should be readily available at convenient points about the operation.

The importance of the control of insects and tree diseases is only

secondary to the control of fire in managed forests.-

PLANTING.

On treeless areas, or where natural reproduction can not be secured

by leaving seed trees, planting must be undertaken. Thus far, in

California, National Forest tree planting has been confined principally

to treeless areas which once undoubtedly bore forests. The brush

fields common in northern California are representative of this type
of land. On pine lands where practically all of the trees are mature
it may be found after plantmg methods have been perfected and
cheapened that it is more profitable to cut all of the timber and
plant, but at the present time tliis is not considered feasible.



SUGAE PINE. 35

In a year when sugar-pine seed is plentiful it can be collected in

large quantities from felled trees or from standing trees by climbing

and cutting off the cones with an improvised cutting knife on a pole

for from 50 to 60 cents per pound. Collecting small quantities is

more expensive.

Attempts have been made to restock denuded areas with sugar

pine by sowing- the seed directly in the field either broadcast or in

prepared seed spots. Both of these methods have failed absolutely.

The seed has either been devoured by rodents before germination or

the young trees have succumbed to the effect of drought during the

first season.

A small supply of sugar-pine stock for field planting is now being

produced annually at the Pilgrim Creek Nursery, near McCloud, Cal,,

on the Shasta Forest, and experiments in planting have been con-

ducted near there and also in Plumas County. So far it has been

very difficult to produce satisfactory trees, both because the seed

germinates very slowly and incompletely and on account of the un-

satisfactory development of the seedlings and transplants. Results

indicate that 3-year-old trees are the best adapted to field conditions.

Plantations of 3-year-old trees have cost, on an average, about S22

per acre, including all items. This cost is excessive and is only

justified by the value of the experiments. If this preliminary work
is fairly successful, costs can be decreased as the scale of work is

increased.

MANAGEMENT OF PRIVATE TIMBERLANDS.

Private timber holdings may be divided mto two principal groups—
individual holdings and corporate holdings. The individual holdings

are generally smaller than the corporats ones, and it is usually the

natural desire of individual holders to secure all possible profit from

their lands during a lifetime. It is undoubtedly just as good business

for such owners to protect their capital (standing merchantable

timber) against loss as it is for the proprietor of any other business to

carry insurance. Protection of cut-over areas, except in so far as is

necessary to prevent the loss of merchantable timber adjoining or

equipment, however, is not at present profitable to this class of

owners.

Corporations may look further into the future, since their life is

irulofinite. Thus far they have found it more profitable to extend

their operating life by adding to their holdings rather than to attempt

to maintain their cut-over lands in such a condition of productiveness

that a profitable second crop can be derived from them by the time

the entire area has been cut over. It is self-evident, however, that

as the supply of stumpage decreases its value will increase until it

equals the cost of f)n)f]ucing tiiul)er. It is fair to assume, therefore,
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that a reasonable present outlay in immature timber left on cut-

over areas and in tbe protection of these areas will show a return at

that time, or at least that the stumpage thus produced wiU be as

cheap as that obtainable by purchase.

In order to secure a second crop within a reasonable time in the

sugar pine-yellow pine type, owners should follow the Forest Service

methods of cutting as closely as the necessities of their business will

allow, particularly as regards close utilization, leaving immature
timber and timber of species which have a greater prospective than

present value, such as white fir and cedar.

On areas cut over conservatively protection from fire must be

provided. Promiscuous burning of the slash has been frequently

advocated. This method involves the destruction of a large amount
of young growth and serious injury to trees left standing, and there-

fore can not be indorsed. Careful piling and burning of brush, the

method practiced by the Forest Service, at a cost of 25 cents per

1,000 feet, is probably too expensive for private owners. A compro-

mise between these two methods should prove fairly effective. The
brush on portions of cut-over areas located where there is unusual

fire risk should be roughly piled away from living trees and clumps

of young growth and carefully burned after the fall rains, when fires

can be controlled. Piling and burning of this character can be ac-

comphshed for from SI to $1.50 per acre. On all other portions of

the cut-over area the slash should be distributed over the ground as

evenly as possible when the trees are trimmed and measures adopted

to prevent fires or to put out quickly those that are started.

The Forest Service ©fibers to j^rotect, under cooperative agreement,

the lumber holdings of owners of areas within CaUfornia National

Forests at a cost of from 1|^ to 4 cents per acre, and will also gladly

give advice to those who wish to install an independent scheme of

protection.



APPENDIX.

VOLUME TABLE.

Table 23 is based upon actual measurements of 910 felled sugar-pine trees, taken

by the Forest Service in California. No allowance was made for defect. In field

estimating trees are tallied by two inch, breast-high (4.5 feet), diameter classes, and
by the number of logs they contain. Their contents in feet board measure may then

be obtained from this table.

Table 22 -Sugar pine {Pinus lambertiana), Lassen, Plumas, Sierra, Stanislaus, and
Tahoe National Forests, Cal. Curved, Scribner Decimal C.

NumlDer of 16-foot logs.

Diam-
eter

inside
bark
of top.

Diameter
breast
high.

1 2 3 4 5 6 7 8 9 10 11 12 Basis.

Volume—Board feet in tens

Inches.
10 4

4

5

6

7

8

10

1.3

8
Ificlies. Trees.

12 9

10

10
13

17

15

17

19
20

25

31

40
50
63

SO

22
24

27
30

37

43

53
64
78

94

113
135

160
1S3
210

240
271
303
337

368

400
432

465

8
8

8

9

9

9

9
9

10

10

10
10

11

11

11

11

12

12

12

12

12
13

13
13
14

14

11

14

15

15

15

16

16
16
16

14 1

16 39

50

57

67
78
92

108

127
149

173
200
229

261
295
330
366

401

438
472

2
18 7

20 65; 7S 28

22 22

28

35
4o

55

74

83
96
110

125

145
166

191
220
253

288
325
365
405

446

489
532

575
619
660

704

89

100
113
128

144

163
187

213
245
280

319
359
401
446

493

544
597

652
709
764

820

876
933
9.H9

1.048

23

24 122

136
152'

170

192
217

246
278
313

354
398
445
493

.544

598
653

711
769
829

886

943
1,000
l.O.OK

1,117

1,176
1,23.'-,

1 , 296
1,3.5H

1.120

35
26 35
28 44

30 189

218
247

279
313
349

390
435
482
532

586

642
698

756
814
872

930

900
1 , 053
1.115
1,177

1,240
1 , 30.3

1 , 368
1,431
1.1 07

53

32
34

36
38
40

42
44

95

115

140
168
195

50
38

310
346
386

427
473
523
576

630

686
742

800
860
921

983

1,046
1,109
1,173
1,239

1.305
1,370
1,4:«
1 , 500
1 , 565

36
40
41

749

818
885

953
1,022
1,090

1.159

1,227
1,297
1,366
1,434

1 , 502

1 , 570
1 , 639
1.707
1.77S

463
515
567
623

681

740
801

862
923
987

1,051

1,116
1,1K1

1,2.50

1,319

1,388
1,456
],.523

1,.W0
1 650

43
1

39
46

1

31
48 43

4150 1

52 56
54

56
58
60

36

510
550
590

630

670

25
25
28

62 25

64 760
K20
.syo

960

1,030

27
66 1 11
68 g
70 1

17

72 1,110
1,175
1 ,

23.-.

1,290
l,34f<

6
74 1 2
76
78

1 6
4

M)
'

3

_
1

910

AvoraRo stump hrlKht 1.3 to 3.1 foot.

l/Ogs m-aXfA In fommcrfial IcngthH oh rvi.
Figures outolde licavy llnca are from exlonsion of original table.

37
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Table 23.

—

Sugar pine (Pinus lamberliana), Lassen, Plumas, Sierra, Stanislaus, and
Tahoe National Forests, Cal. Curved, Scribner Decimal C—Continued.

1 Total height of tree—Feet.

5

40 50 60 70 80 90 100 110 120 130 140 160 ISO 200 220 £

5 Volume—Board feet in tens. 1

Ins.

6
7

8

7

8

9
10

12

17

8

9

10
12

15

21
31

42

Inches.

8

8

8
9

9

9
9

9
10
10

10

10
11

11

11

11

12

12
12
12

12

13
13
13
14

14
14
14

15

15

15

16
16
16
16

12 10
10

12
16

20

27
36

46
58
72

86

13
14

17
20

25

33
41

52
65
80

95

114
136

15
16

20
23

30

37
46

57
70
86

105

127
150

173
195

217

240
"163

286
310

18

2C

24

29

35

42
50

63
78
96

115

•138

162

189
214

240

268

298
325
355

14 1

16 -—28
33

40

48
59

72
87
103

125

148
174

202
233

264

294

323
351
3S0

407

39

47

57
69

82
97
115

136

160
185

214
247

280

317

352
389
427

463

1
18 7

20 60

68
79

93
109
128

149

172
198

225
257

293

333

377
422
470

521

576
633
693
751

811
873
937

1,003

73

80
90

103
120
140

160

183

209

237
270

308

350

399
449
501

555

612
671
730
788

845
904
965

1,027

28

22 22
24 35

26 126
143
163

187

213
241

273
310

350

395

444
500
559

618

679
738
797
857

917
977

1,034
1,091

1,150

1,212
1,273
1,336
1,398
1,460

35
28 44
30 52

32 230

260
293

32S

363

402

449

500
557
615

676

736
797
859
920

983
1,044
1,105

1, 165

1,224

1,284
1,345
1,408
1,471
1,533

50

34 100
120

144

37
36 36

366
408

452

501

553
609
667

726

785
847
910
976

1,040
1, 104

1,168
1,229

1,290

1,352
1,414
1,479
1,543
1,607

554

613
670
728

786

846
908
973

1,040

1,106
1,173
1,240
1,305

1,370

1,434
1,497
1,560
1,624
1.689

38 160'

182

205

40
40 40

42 42
44 38
46 32
48 4,H

50 41

62 56

54 435
403
491

500
537
574

34
56 9.f,

58 25
60 27

62 25
64 27
66 11

68 9

70 1.070

1.140
1,210

1,090

1,154
1, 220

16

72 6
74

"

2
76 5

78 4

80 3

899

The following table is inserted to show the relation between diameter, total height,

and merchantable length of sugar-pine trees:
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Table 24.

—

Merchantable length and diameter of top logs inside bark, sugar pine.

Aver- Aver-
Diam- Mer- age top

diam-
Basis Diam- Mer- age top Basis

eter Total chant - num- eter Total chant- diam- num-
breast height.' able. eter ber of breast height .1 able eter ber of
high. length. inside

bark.
trees. high. length. inside

bark.
trees.

Inches. Feet. Feet. Inches. M. Inches. Feet. Feet. Inches. No.
8
10

48
57

223
230

40
42

148
152

120
125

11

11
41
43

12

14

67
77

23s
45

44
46

156
160

130
134

12

12
39
318 1

16 86 52 8 2 48 164 138 12 43
18 92 58 9 ( 50 168 143 12 41
20 98 65 9 28 52 172 147 12 56
22 104 72 9 23 54 175 151 13 36
24 110 78 9 35 56 178 155 13 25
26 116 84 9 35 58 182 159 13 25
28 121 90 10 44 60 185 163 14 28
30 126 95 10 53 62 188 167 14 25
32 131 100 10 50 64 191 170 14 27
34
36
38

136
140
144

105
110
115

10
11

11

38
36
40

Total

.

852

1 Basis 287 trees. 2 Extension of cm've.

KEY FOR THE IDENTIFICATION OF SUGAR PINE, WESTERN WHITE
PINE, AND WHITE PINE WOODS.

The folio vring key for distinguishing the wood of sugar pine from that of the western

and eastern white pine is based chiefly upon characteristics visible under the com-

pound microscope, but all available gross characteristics are also included, and it is

believed that these will enable the layman to distinguish the three species. The
microscopic characteristics will, of course, be useful mainly to technically trained

students. The minute characteristics are often so variable that the student may have
considerable difficulty unless he takes into account every characteristic cited in the

key and make numerous careful measurements. There is also a good deal of variation

in the general gross appearance of the wood of these three pines, but those who are

thoroughly familiar with their gross characteristics visible in the rough and finished

states will be able to distinguish them quite readilj^

Pits on the radial walls of the pilh-ray cells two, or sometimes one, per tracheid,
round, ocrnirring side by side. Pith rays (tangential section) one to twelve,
or often sixteen cells in height. Resin canals about 0.13 to 0.16 mm. in
diameter. Wood yeno\\dsh white, or often very light brown, with rather
coarse grain. Resin canals conspicuous, appearing on a smooth longitudinal
surface as dark lines. Sugary exudations and resin pockets common. Weighs
abf>ut 2'.', pounds per cubif foot. . . : Sugar Pine (Pinus lambertiana),

Pitfl on the nulial walls of the pith-ray cells one, two, or occasionally three per
tra/'heid, nearly round, and unually placed irregularly. Pi1h rays (tangential
section ) one to seven, or sometimes ten, cells in height. Resin canals about
0.13 to O.lo mm. in diameter. Wood light brown or reddish, with rather fine

grain. Resin canals not numerous and slightly less consi^icuous than iji

the one above. No sugary exudation. Weighs about 24.5 pounds per cubic
foot Wes'J'eun Wni'j'E Pinpj (Pinus moniicola).

Pit8 on the radial walls of the pilh-ray c'-lls one, rarely two, per tracheid, large
and mo.stly oblong. Pith rays (fangential section) mostly one to twelve, or
WimetimcH fourteen, cells in height. R<!sin canals about 0.08 to 0. 12 mm. in
diameter. Wood cream yellow, or that innn very old trees li^dit hrown,
slightly tinged with red. Resin canals not very conspicuous and no sugary
exudations. Weighs about 24 pounds per cubic foot . .White Pin e {Pinus strobus).
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GRADES.

Sugar pine lumber is classified into the following grades:

Thick finish: -

No. 1 and 2 clear. 1, 1}, 1^, 2 inch widths.
No. 3 clear. Same dimensions; must contain 70 per cent No. 1 door cuttings of

No. 1 shop common sizes.

C select. Same dimensions, one face finished; admits small defects.

D select. Same as C select, except admits more serious defects.

Siding:
1 and 2 grade (B and better). Thickness |: inch.
No. 3 siding. Thickness h inch; admits greater defects than 1 and 2.

Factory plank or shop common, graded for door cuttings:

No. 1 shop common. From 50 to 70 per cent No. 1 cuttings.

No. 2 shop common. Either 25 per cent No. 1 door cuttings or 40 i^cr cent No. 1
and 2 combined, or 50 per cent No. 2.

No. 3 shop common. IJ inch and thicker; not less than 121 per cent No. 1 and 2

sash and door cuttings.

Inch shop common. Must contain 50 per cent above described cuttings; cuttings
must be 10 inches wide or wider, 22 inches long or longer; or, 8 inches wide or
wider and 3 feet long or longer.

No. 1 fencing D and M. Sound No. 1 fencing worked to flooring; when worked
should be of character of No. 1 common strips.

No. 2 fencing D and M. No. 2 fencing worked to flooring of character No. 2

common strips.

No. 3 fencing D and M. No. 3 fencing worked to flooring; some coarse knots,

split and wane.
Common lumber; 1 inch thickness:

No. 1 common boards and strips. Sound, tight-knotted stock, free from large,

coarse knots.

No. 2 common. Admits coarser and larger knots and more stained sap.

No. 3 common. Admits large, loose, unsound knots; shake, red rot, blue sap
stain.

Thick common lumber, 1^ inches thick and thicker:
Tank stock. Dimension sizes, free from wane; sound knots and white sap ad-

mitted.
Step plank. 8 inches wide or wider; graded the same as No. 1 common boards.

ADDITIONAL COPIES

OF THIS PUBLICATION MAY BE PROCURED FROM
THE SUPERINTENDENT OF DOCUMENTS

GOVERNMENT PRINTING OFFICE

WASHINGTON, D. C.
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The account of the potato tuber moth (Phthorimaea operculella

Zell.) given in the following pages is the result of an investigation

of this insect carried on in southern Cahfornia from 1912 to 1916.^

During the latter part of 1911 the late H. M. Russell conducted a

few life-history experiments at Compton, Cal., but the work was not

taken up as a special project until the following year. The laboratory

work was conducted almost entirely at Whittier and Pasadena,

Cal. The material for rearing and collection of parasites, however,

collected from the following counties: Los Angeles, Orange,was
Riverside, San Bernardino, and Ventura.

HISTORICAL.

The tuber moth was lirst mentioned in literature by Capt. H.

Berthon (1)'' who described it, under the name of the "potato grub,"

as being very damaging to potatoes in Tasmania in 1854, and con-

' Resigned Jan. 10, 1910.

» The writer wishes to express his indebtednens to Dr. I'". II. Chitteiuion for suggestions thnmgliout the

work, and for the u.se of notes from his files; practically all the data on the occurrence of the tulx-r moth

within the l'nite<l States outside of California being taken direx'tly from his notes.

Acknowledgment is due Mr.S.S. Uogers, Assistant I'lant Pathologist of the University of ( iilifornia

Experiment .Station, for allowing the writer to collM^t data relative to the tuber moth in the experiment (icid

at Van Nuys; to .Sfr. ». L. IJoyden of the Bureau of Kntomology, who conducted all the roaring exporl-

mcntsfrom December, 1913, to April, 1914, and to .Mr. I". K. Cole for iliusl rations of the moth in its dilfer-

ent stages and parasites, and for assistance Iti rearing.

• Figures in parenthcse^s refer to similar numbers in th<5 " Bibliography,'- p. 52.

N(>Tt.— This bulletin Is of Interest to entomologists and to potato growers especially in the warmer

aections of the country.

56889*—Bull. 427—17 1
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eluded that it was probably the same insect which had in previous

years caused so much trouble in New Zealand.

The tuber moth has been known in Cahfornia (San Francisco)

since 1856/ and in southern California at least since 1874.

Mr. Wnham Wood, commissioner of Los Angeles County, reports

that in 1874 when planting potatoes in the vicinity of Whittier,

Cal., the seed potatoes were badly attacked by the larva of this

insect, and in most of the eyes the sprouts had been killed. He
states that the Chinese who planted a majority of the fields were in

no way worried by the presence of the insect, so he did not consider

it a new arrival. The description of the injury given, and the fact

that Mr. Wood is quite famiUar with this insect, would indicate that

the tuber mothwas well distributed in southern California before 1874.

The first recognized technical description of the species was made
by Zeller (5) in 1873 from specimens collected in Texas. In 1874 the

insect was redescribed from specimens collected in Algeria.

An article published by David Gunn (66) mentions the tuber moth
as occurring in Canada in 1878. Staudinger and Rebel (39), in their

catalogue of Lepidoptera published in 1901, also list this locality.

As yet, however, these statements remain unverified, and the tuber

moth is not at present known to exist in Canada.

In California the potato tuber moth has been reported as established

and working on potatoes in the following counties:

Alameda, Contra Costa, El Dorado, Kern, Los Angeles, Modoc,

Monterey, Napa, Orange, Riverside, Sacramento, San Benito, San
Bernardino, Santa Clara, Santa Cruz, San Diego, San Joaquin, San
Luis Obispo, Shasta, Sonoma,^ Stanislaus, Ventura, and Yolo.

DISTRIBUTION.

In literature the tuber moth has been given the following distribu-

tion, the date appended being either that of the pubhcation, or the

time its occurrence was reported.

New Zealand, "Some years before 1854."

(1)3

Tasmania, 1854 (Capt. H. Berthon). (1)

California (San Francisco), 1856.

Texas, 1872. (4)

Algeria, 1874. (5)

CaHfornia, 1874.

Australia, 1878 ("Some years back"). (7)

California, 1881. (13)

(LosGatos, Santa Clara County, 1888).

(21)

(Alameda County, 1891). (24)

(Bakersfield, Kern County, 1891).

(23)

Florida, 1897. (35)

North Carolina, 1897. (33)

Virginia, 1897. (36)

South Carolina, 1897. (36)

South Africa, 1898. (37)

Hawaii, 1905. (50)

India, 1906. (59)

Southern Europe. (59)

Italy, 1906. (Some years before.) (73)

Cuba, 1907. (54)

France. (88)

Spain. (88)

Canary Islands. (88)

Azores. (88)

1 California Orchard and Farm, September 15, 1S93.

2 Localities furnished by Mr. E. O. Essig, of the University of California.

3 Numbers in parentheses refer to similar numbers in the "Bibliography," p. 52.
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POSSIBLE ORIGIN.

A study of the literature shows that the tuber moth was known to

be present ahnost simultaneously in Australasia, the United States,

and Algeria. It is indeed strange that, considering this fact and, in

addition, the fact that this country is the home of a wild potato

and tobacco, of all the entomologists who have studied the tuber

moth, only one, Gerald McCarthy (31), who found the tuber moth
mining tobacco in North CaroHna in 1897, should claim that this coun-

try is its native home. McCarthy also found the moth in Solanum
carolinense, a native weed common in the southeastern part of the

United States. Speaking of the tuber moth, he says, "This insect

probably inhabited its present range prior to the coming of the white

man."
Dr. Picard (83, 84), a prominent authority on this insect, says that

a Mediterranean origin for this species must be excluded. Consid-

ering the fact that he has not found a specific natural enemy, in the

shape of a parasite, on the insect, his opinion must be given consider-

able weight. He mentions either Australia or the United States as a

possible origin for the tuber moth.

Analyzing the facts as presented by these two countries, it is seen

that it was reported from both places at practically the same time.

Edw. Meyrick, one of the earher authorities on the Microlepidoptera,

states that it is not an Australian form. In addition, there is no

mention of any natural enemies of the species, which is quite signifi-

cant, considering that many competent entomologists have worked

on it in Australia.

On the other hand, in the United States there are several parasites

on the tuber moth, and, as previously stated, this country is the home
of a wild potato and tobacco, its two favorite food plants. When it

is considered that it was not until the sixteenth century that the

potato was introduced into Europe, and that it was not until many
years later that the use of the potato became at aU general, it seems

only reasonable to suppose that the rapid dissemination of the tuber

moth came about by following the potato "around the world."

Furlh<'rmore, the tuber moth is an insect which could be introduced

easily from one locality to another, as once it infests potatoes it is

assured of food enough to carry it through several generations; and
as the insect fan stand lower temperatures than the tubers, it would
never be in danger of being killed by freezing.

The ontiro economic history of the tuber moth is another indication

that it r)riginal('d in America. Losses reported to })()tato cr<)])s in Al-

geria, India, Tasmania, South Africa, Australia, and New Z(^aland

are far .heavier than any ever reported from California or Texas.

Clirnalie, eDiiditiotis being efjnal, it is generally tnie tlint a ])est is nion^

injurious in an adopUid home, for a tim<; at least, than iji its natural
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one, since the change always favors its being freed from some of its

natural enemies and checks. This is especially true of the tuber

moth, since most of its parasitic enemies aid in reducing it only when
it appears as a leaf miner, and if it were introduced into a new locahty

in the tubers, these would be left behind.

When aU these facts are considered, there is some argument in

favor of considering America as its native home.^

NATURE OF INJURY.

Injury by the tuber moth is accomplished through two widely dif-

ferentiated methods of attack : (1 ) To the growing plant, and (2) to the

tuber (fig. 1). The injury to the plant is incident to the mines in the

leaf and petiole and to the tunnels in the stem. As a rule the egg

is deposited on the leaf, and the larva as soon as hatched starts to

mine in the leaf. As the larva grows the leaf becomes too thin for

mining, and if there is not another leaf near by to tie up, the larva

either rolls the leaf or enters the petiole. If the larva confuies its

work to the leaves it injures one-third to one-half a leaf during its

larval life, but where necessity drives it to mining the petiole it kiUs

the entire leaf. Once started in the petiole the larva rapidly works

its way to the main stem, which it begins to tunnel. (Fig. 2.)

The larva generally works downward in the stem, although in a very

few cases where the stem is thick and succulent it may turn and work
upward. Wherever a larva works within the stem for several days

before becoming mature the terminal section of the stem usuaUy

dies. It is easy to see that wherever this occurs generally over a

field while the potato plants are yomig considerable injury might

result through the reduction of leaf surface and a weakening of the

plants.

A factor which would make this possible would be the stacking of

a large amount of infested potatoes from the first crop near fields

where the second crop of potatoes was just beginning to come up.

Only one instance of this type of injury has been noted, although in

1912 conditions were as bad as they would ever be allowed to become.

In one small field (about 7 acres) at least half of the plants were

materially injured and the yield was probably reduced one-fourth to

one-third. The moths were very abundant in this field at the time

the potato plants were coming up, and several could be found on

each plant. The reason that more injury was not caused was prob-

ably due to the fact that vigorous young potato plants are quick to

grow away from any injury.

1 Notwithstanding the opinions above expressed there are, perhaps, equally good reasons for supposing

that this species is of exotic origin, and since it was first reported in New Zealand it would be natural to

look to that vicinity for its natural habitat. It has been somewhat generally credited with being native

to North Africa, and with reason, since the flora of that continent is particularly rich in solanaceous plants.

In fact, the tropical regions of Africa and South and Central America include among their native plants

nearly nine hundred species of Solanaceae.—F. H. Chittenden.
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Fig. 1.—Potato section showing injury by lan-se of tuber moth {PMhorimaea opercuMla). (Original.)

-Injury by tuber molh to potato phmls, sliowinf; mines in leaves, petioles, and stem.

(Original.)
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In large fields near the one mentioned above larvae could be found

in most of the plants, but apparently the vigor of the plants was not

noticeably affected and the amount of damage done, if any, was
certainly small. Taking all things into consideration, the damage
done by the tuber moth to the growing plant in southern California

is shght in comparison to that caused to tubers.

The tuber-feeding larva injures the potatoes themselves by tunneling

through them, so filling these tunnels with excrement and fungus that

the potatoes, even if not severely injured, are very unsightly and of

small market value. The character of the injury (figs. 3-5) does not

seem to be influenced by the condition of the tuber or chmatic condi-

FiG. 3.—Potato sliced to show advanced injury by potato tuber-moth larvae. (Original.)

tion, some larvse digging subepidermal channels while others tunnel

directly through the substance of the tuber. The loss consists not

only of the actual substance of the tuber which is channeled and

ruined, but is also due to the fact that badly injured tubers are

unsightly and undesirable for food, -

ECONOMIC IMPORTANCE.

Since the first report of the tuber moth, large losses have been

reported from various sections of the world. Analysis of these reports

shows beyond a doubt that in mild, . dry chmates the tuber moth
works very serious injury to stored potatoes. In similar chmates,
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but where potatoes are not habitually stored, the tuber moth is more
in the nature of an annoying pest, causing minor losses practically

every year, but becoming of primary importance only where condi-

tions favor its increase. Careless planting, late and slow harvesting,

and poor markets with the consequent holding back of the crop, would
bring about such conditions.

The tuber moth is reported to have done much injury to potatoes

in Tasmania in 1855, and it was then stated that it ''has of late years

been making ravages amongst tubers in New Zealand" (1).

In 1875 it was reported to have been injurious for the preceding

years in Algeria. Specific instances give the losses at El-Bear as

three-fourths of the entire crop (6). Meyrick (9) mentions large

losses caused by it in Australia in 1878-79, and gives an authenticated

case where four-fifths of the crop in one field was destroyed. The
tuber moth was reported as destructive to potatoes in California in

1881 and 1882 (13), and in 1901 (37).

In 1897 the tuber moth was noted mining in tobacco in North
Carolina (31) and in 1899 was mentioned as being destructive to

tobacco and eggplant in Florida (33). In 1898 it was reported from

South Africa as being common in potatoes, but, due to the fact that

the potatoes were marketed very quickly, seldom causingmuch damage.
Literature further records damage by the tuber moth in India in

1906 (62).

In Australia, India, Tasmania and New Zealand the damaging

outbreaks have been of periodic occurrence from the time the tuber

moth has been reported. Usually some explanation is given for

this condition, and it is noticeable that the outbreaks generally occur

during dry years. Authorities seem to agree that the tuber moth is

a dangerous pest only to stored potatoes.

This probably explains why the tuber moth attracts so little at-

tention in the United States, where it has long been present. In the

warm, dry sections potatoes are never habitually stored, and as

these districts supply early potatoes for the neighboring States,

under normal conditions the entire crop is harvested as early as pos-

sible.

Records of the Los Angeles County Horticultural Commission show

that the importation of potatoes is twice as great in the fall as is the

exportation in the early summer. This alone shows that normally

potatoes once harvested are not held sufficiently long to permit in-

festation by the moth, or once infested they are used up before their

food value is materially impaired thereby. The tuber moth can

become of importance only during times of poor market conditions,

when the potatoes are held for a rise in price.



THE POTATO TUBER MOTH. 9

CLASSIFICATION AND SYNONYMY.

The tuber moth belongs to that very large and cosmopolitan family

of Microlepidoptera, the Gelechiidae. The genus Phthorimaea was
founded by Meyrick in 1902 (43), the tuber moth being made the

type.

There seems to be not a httle difference in the synonymy given

this insect by various authors, so the following list has been selected

from the Hterature cited in the bibliography:

PJithorirnaea operculella (Zell. ) Meyr. , 1902 (43)

Gelechia terrella Walk. , 1864 '
(2)

Gelechia operculella Zell., 1873 (5)

Bryotropha solanella Bdv. , 1874 (6)

Lita solanella Meyr
.

, 1879 (9) , (11)

Gelechia tabacella Rag. , 1879 (10)

Lita tabacella Rag. , 1 885 (15)

Gelechia solanella Meyr., 1886 ~

(16)

The foregoing synonymy does not take into consideration the Gele-

chia similieJla (3) and the G. solaniella (4) of V. T. Chambers, which

were described in 1872 and 1873, respectively. G. similiella was de-

scribed first and the name subsequently changed to solaniella when
the larva of this form was found mining in Solanum carolinense.

Later, in 1878 (8), Chambers adds to his description of G. solaniella.

Specimens were collected in Kentucky and Texas. It appears from

the hfe notes he adds that the insect in question might be PMJiori-

maea operculella, but there seem to be no types in existence to sub-

stantiate this.

DESCRIPTION.

THE EGG.

The egg when freshly laid is opaque, pearly white in color, and

with a faint iridescence. As the egg becomes older it becomes yel-

lowish and the iridescence becomes more pronounced, so that at the

time of hatching it is nearly lemon-yellow with the iridescence

strongly marked. As hatching time approaches the thin shell

"sometimes becomes more or less distorted, and the outlines of the

embryo within can bo distinguished. Due to the habit of the moth
of ovipo.sitiiig on rough surfaces, the eggs arc otten distorted and the

shape varies greatly. Two masses of eggs on the surface of a potato

are shown in figun; 6.

The egg is ellipto-cylindricul in shape, the l)luntly rounded ends

closely resembling each other. An average of several measurements

gave a length of 0.48 mm. and a width of 0.36 mm.

' Ol'Ifist imirii', t)iil ii lio:iii)iiyiii.

55889°—Bull. 4^7—17 2
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THE FULL-GROWN LARVA.

The full-grown larvae (fig. 7, left and right) are slightly fusiform in

shape, and plainly constricted at the segments.

The head is dark brown, with the exception of the frons, which is

lighter in color. The cervical plate is black, with a pale narrow me-
dian line, and the thoracic

legs are black. The venter

and sides of the abdominal

segments are a waxy white

and the dorsum is gener-

ally a light pink, though in

some larvae there is enough

green present to give the

dorsum a very light green-

ish tinge . The spiracles are

small, dark, and inconspicu-

ous. There are about 10

to 14 small light hairs on

each segment, at the base

of each of which there is a

small black spot. There

are five pairs of prolegs,

and near the base of each,

on the outside, is a small black projection armed with three stout,

short, black hairs. The anal plate varies from a yellow to dusky

yellow in color. The full-

grown larva is from 9.5 to

11.5 mm. in length, and

when fully extended is

even slightly longer. At
the widest point the aver-

age is about 1.5 mm. in

width.

As pupation approaches
the entire larva becomes

greenish in color, and

much shorter.

THE PUPA.

When first formed the

pupa (fig. 7, center; fig. 8)

is white, with green mark-
ings, but soon changes to deep uniform brown. In general form it

is spindle-shaped, being broadly rounded at the head, widest at the

thorax, and tapering evenly to the last abdominal segment. The

Fig. 6.—Egg masses of the tuber moth on the surface of a

potato. Enlarged. (Original.)

Fig. 7.—The potato tuber moth: Ventral view of larva at

left; dorsal view at right; pupa in middle. Larva much
enlarged; pupa still more enlarged. (Original.)
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cases for anteimse and legs fold closely on the venter and are rather in-

conspicuous. The wing cases are also closely folded and generally

reach the distal end of the fourth abdominal segment. The tips of

the wing cases and the eyes are darker in color. All the segments of

the abdomen are armed with a few weak hairs, and the anal segment,

aside from its short, stout dorsal hook, bears many light hooked

spines arranged in a circle.

THE COCOON.

The cocoon (fig. 9) is white, rather loosely woven, and very thin.

The exposed portion is more tightly woven and much thicker, and is

J'iG. 8.—Mass of potato tubtT-moth pupa3. (Original.)

covered with excremoiit or (lc})ris to such an extent that the white

silk of the cocoon is seldom visible. The cocoon is therefore more
nearly tectiform than rompleto aTid is generally torn in two when
the upper part is liftfid. As the larva generally scuiks some depres-

sioii in which to pupates, tliis heavier part is seldom more tlian Jiall"

of the entire cocoon and more often less.

Tli(» covering of ilics cocoon is generally composed of j)iuticlcs of

tlic material siiiiouii(liii<' it,.



12 BULLETIN 427, U. S. DEPARTMENT OF AGRICULTURE.

THE MOTH.

The moth (figs. 10^ 11, 12) is small, having a wing expanse of a

little more than a half inch (12 to 16 milhmeters). The general color

is gray. The forewings bear on the outer half a fringe of hght gray as

wide at the base as the width of the wing. The sm-face is more or

less spotted and mottled with black and ocher. The hind-wings are

much shorter and narrower and have a still stronger fringe of buff.

Fig. 9.—Cocoons of tuber moth on exterior ofpotato, showing method of grouping many cocoons

closely under black excrementitious webbing. (Original.)

The antennas are long and slender and the palpi are comparatively

long and conspicuous. The abdomen is also slender.

The following description is a translation of Zeller (5)

:

The male bears on the upper side of the anal segment a large oval disk, from each side

of which protrudes a readily perceptible tuft of crumpled hair. The somewhat lighter

female—if it is the female—has somewhat wider fore-wings, and the dot on the cross-

vein and the one before it darker in color, the one toward the inner margin distinctly

lighter.
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Of the size of the smallest [species] terella or of the largest [species] senectella. Head
whitish, mixed with a little ocherous, brighter on the dorsum. Ocelli I can not per-

ceive. Antennae gray, lighter on the undersides, with well-defined joints. Palpi

whitish, second joint flattened, with noticeably channeled bristles, and having a gray

efflorescence on the outer sides near the end. Third joint more than half as long as

the second, awl-shaped, finelypointed, with a brown spot between the base and middle.

The four front legs light gray, the outsides dusted with brown, tarsi brown, the joints

**.VA*U/»(I((,'J.

•
Fig. 10.—The potato tuber moth {Phthorimaea operculcUa). Greatly enlarged. (Original.)

with whitish ends. The hind legs pale yellow, the tibiae with small light-colored

hairs, and the tarsi brownish at the joints. Abdomen yellowish dust-gray, grayish-

white beneath, the last joint, in the male, as long as one-third of the abdomen, bright

ocher yellow. Two elliptical, somewhat hollowed disks lying with their hollows

upon one another. The lower projects somewhat from beneath the upper and is

clothed on the upper side with a rich covering of somewhat loose-lying hairs, appressed

above and projecting over the margin. On both sides of the base of the upper disk

stands an outwardly crumpled brush of hair reaching nearly or quite to the end. In

the female the anal joint is of

the usual length, and is of the

form of a truncated cone, the

ovipositor slightly projecting.

FiQ. 11.—The potato tuber moth: Natural position at rest.

Much enlarged. (Original.)

Fore-wings 2^ to 2J-
'^^ in

length, smaller in the male
than in the female, light gray,

dusted yellowish gray, particu-

larly toward the base, in the

middle pure ocherous. Along

the middle fold lies a longi-

tudinal blackish streak, in-

closed at both ends with whitish dashes. Above this lie two small blackish dots,

the lower nearer the baae than the upper. On the cross-vein is a larger dot, nearly

ringed aV>out with light gray. At the rear margin is an indistinct row of blackish,

somewhat larger dots. Fringes light gray, inwardly dusted with darker, and espe-

cially near the tip.

Hind wing.H hardly a.4 broad a.s the for(!-wiiigH and with undfirturiuHl hind fringe,

bright gray. Fringe longer than the width of the wing, with a yellowish sheen toward

the bawj. The entire underside uniform gray.
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In a doubtful female the whole dorsum is of the same color as the head, the abdomen
as before stated. The broader fore-wings are lighter at the front margin, plentifully

sprinkled with uniform gray without the usual ocherous color in the middle, and the

general ocherous tone of the whole. At the fold lies a black dot with a whitish border.

Obliquely behind and over this dot there is no double spot, but a separate stronger

deep-black ringlike dot, bright and strikingly inclosed. The cross-vein dot is smaller,

but also black and similarly ringed with light color. Since the hind fringes are almost

entirely broken off, I can not say further about the markings. The hind wings are

sensibly broader than the fore-wings, and less finely pointed.

Fig. 12.—Potato tuber moth details: a, b, Views of the face; c, antenna; d, tip of abdomen of female; e,

tip of male abdomen; /, hind leg; g, foreleg. All much enlarged. (Original.)

FOOD PLANTS.

Prof. F. Picard (83) gives the following food plants for the tuber

moth:

Potato (Solanum tuberosum), S. commer-

soni.

Darwin potato (Solanum maglia), Bitter-

sweet (S. dulcamara), S. miniatum.

Eggplant (S. melongena).

Tomato (S. lycopersicum).

Red pepper (Capsicum, annuum).

Tobacco (Nicotiana tabacum), N. sylves-

tris.

Henbane (Hyoscyamus albus), Matrimony

vine (Lycium europaeum), Fabiana im-

bricata.

To this list may be added nightshade (Solanum nigrum), which

has been noted as an occasional food plant for tuber-moth larvae in

Southern CaUfornia.
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In the files of the Bureau of Entomology there are also records of

this species boring into the stems of poka or Cape gooseberry {Pliy-

salis peruviana) , made by Mr. Jacob Kotinsky in Hawaii. The species

has also been found mining the leaves of Physalis mollis and Solanum

elaeagnifolium, at Brownsville, Tex., by Messrs. McMillan and Marsh,

of this bureau.

The tuber moth is unable to increase rapidly on plants which

confine its activities to mining the leaves, owing to the abundance

of its parasitic and predacious enemies. In California, therefore,

only the potato, tomato (figs. 13, 14), and eggplant (fig. 15) may be

considered as affording suitable protection to the larvae, and of these,

the potato only is of primary importance. While adults have been

reared from tomato and eggplant fruit, no important infestations

have been noted under field conditions, even where moths were

abundant and close at hand.

LIFE HISTORY AND HABITS.

THE EGG.

The egg, under outdoor conditions, is deposited early in the spring

on the underside of the foliage of j^oung potato plants. Sometimes

the eggs are placed on the stems or petioles of the leaves, but more often

the body of the leaf is selected. In such cases the eggs are placed

singly, though two or more may be quite close together. Three is

the largest number that has been noted on a single leaf in the field.

In bins, or in stacks of potatoes, oviposition takes place through-

out the winter, but is most general during the warmer months.

The eggs are usually deposited in the eye or a rough scar on the potato,

and when placed in this way are generally grouped, as many as 30

having been found in one eye. In sprouting potatoes the eggs are

often placed in circles around the base of the sprout. In this way
they are protected on aU but one side.

Another favorite place for oviposition is at the point of scab in-

jury, and the narrow deep cracks caused in this way are very often

filled with the eggs of the tuber moth. Here also they are pro-

tected. Where the eggs occur in more or less of a mass, scales from
the wings and body of the moth are thinly scattered over them.

This probably is not due to an effort of the moth to hide the eggs, but

is the result of her moving about during the deposition of the egg

mass.

In potato bins eggs are often found on the sacks, in depressions

on the sprouts, and on debris occurring on or between the potatoes.

However, very small num>)crs of eggs are found deposited in such

places, and they g(!nerally 0(;cur singly.

The eggs arc usually deposited during the evening, night, or early

morning, although in cool weather and in darkened bins oviposition
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takes place at all hours of tlie day. Daylight oviposition out of

doors occurs only on cold and dark days. A single moth under labor-

atory conditions will deposit 150 to 250 eggs with the extremes of 38
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Fig. 13.—The potato tuber moth as a leaf-miner on tomato. An uncommon form of injury. (Original.

)

for the minimum and 290 for the maximum; oviposition is completed

in from 6 to 1 7 days, and by far the greater number of eggs is usually

deposited in about 4 days.
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The largest nimiber obtained in one day from a single female was

68, and this female on two consecutive days deposited 112 eggs.

Via. 14.—Tender sterna of tomato killed by potato tuber-moth larva). Uncommon form of injury.

(OrlRinal.)

Tlic If'iigtli of tlic egg stage varies with the tcmperatiiro.

Kggs deposited in midwinter may require 34 days to hatch, while

those deposited during Jidy and August niiiy hutch in 5 days. There

55889°—Bull. 427—17 3
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are, naturally, all degrees between these extremes. There seems

to be no true hibernation of the egg, those which develop slowly-

passing through about the same color changes and requiring about

the same time in proportion as those which develop very quickly.

There is more or less regularity in hatching of the eggs deposited,

even where the period of incubation is the longest. In the case of

those which took 34

days, all which were

deposited during one

night hatched during

36 hours. Practi-

cally all theuninjured

eggs hatch success-

fully. From a count

kept of those depos-

ited under laboratory

conditions only 5 out

of 730 eggs failed to

hatch ; of these 4 were

sterile, and the other,

after partial develop-

ment, collapsed.

The sheUs of the

eggs, as indicated by
the color changes be-

fore hatching, are

very thin and collapse

shortly after the lar-

vae leave them.

THE LARVA.

EMERGENCE AND FEEDING

HABITS.

The larva emerges

by eating a hole-

through the eggshell.

The newly hatched

larva is about 1 milli-

meter in length and

is quite light in color with the exception of the head, which is dark

brown; it is inconspicuous and very difficult to detect when on the

surface of a potato.

The larvae are quite active and begin feeding almost at once. They
seldom move far from where they hatch before they begin to burrow.

When the egg is laid on a leaf there is shght chance that the larva

Fig. 15.—Potato tuber-moth injiiry to exterior of fruit of eggplant.

(Original.)
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will migrate to another leaf or to the petiole before starting a mine.

In the case of a tuber the larva generally begms where the egg was
located, since the irregularity chosen by the moth for oviposition

affords a favorable location for starting a tunnel. For this reason

the damage to potatoes fii'st becomes evident in the eyes. The fact

that the entrance hole is very small and webbed over makes it difficult

to detect infestation in potatoes shortly after the eggs have hatched.

After a few days a pink coloration may be detected aroimd the

injured eye, and closer examination evidences the presence of excre-

ment held in the web at the entrance to the burrow. The larvae first

burrow straight through the skui and into the substance of the tuber.

Some then turn their mines so that they follow close under the skin of

the potato. A fungus grows in the burrow and discolors it so that the

course of the work may be easily followed. Later the skin of the

potato partially dries and sinks so that the scar becomes very promi-

nent; this is commonly called subepidermal injury. This type is the

most noticeable, but is hot so injurious to the tuber as the deeper

channel; and as it dries out more easily, it is not so apt to be the cause

of rot.

The channel of the tuber-moth larva is as a general rule deeper and
may even go through the center of a large potato. This form of

injury is more difficult to detect from the outside than the sub-

epidermal form, but from its greater injury to the potato is the more
important. The surface injury may be cut out without much loss

to the tuber, but to remove the burrow through the center, the tuber

must be cut to pieces and much of it lost.

There seems to be no definite course followed by the larva which

might determine the character of injury or the direction taken in the

tuber. Some channels are partly subepidermal and partly deep, while

other larvae construct subepidermal channels and still others deep

ones.

The channels or galleries generally measure 1 to 3 inches in length

and are quite tortuous. The portion occupied by the larva is fresh

and white, but the older parts are covered with a matlike brown
fungus and often partially filled with excrement. In older injury the

mycelium of the fungus may entirely fill the channel. The growth is

very compact, and if the tuber is cut in such a way that the injury

is exposed the fungus may be lifted out in one piece.

It should be added at this point that, in its occurrence in Cali-

fornia, the larva does not prefer to feed upon the tubers in the ground

as long as the potato tops are green and succulent. However, as

soon as the tops become dry and hard the larvao do not hesitate to

attack the exposed part of a potato, and will even dig through a thin

layer of soil in order to reach the buried tubers.
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EFFECTS ON THE TUBER.

The immediate effect of the potato-tuber moth on the potato is in

the reduction of its market value. This takes place in two ways:

(1) By ruining the substance of the part of the potato actually

attacked, (2) by causing the entire tuber to be unsightly and,

therefore, undesirable. Losses through the tuber moth may practi-

cally all be classed under these two heads. It is true that the larvae

cause decay in the tubers, but when this takes place the infestation

is generally so heavy and the injury so far advanced that the tubers

have ceased to have value, either for food or for seed.

The growing sprouts of seed potatoes also form a favorite point

af attack. When thus attacked they are badly injured or killed,

and potatoes which have too long been exposed to the attacks of the

moth are likely to have their value as seed materially reduced.

NUMBER OF LARV^ DEVELOPING IN TUBERS.

Since several generations of the insect may develop in a single

tuber, it is difficult to determine the maximum that a tuber of average

size will support. Mature larvae have been noted, apparently of

normal development, in tubers which contained no appreciable

moisture and which were simply a network of pith holding together

the dried burrows of previous generations of tuber worms . In one gen-

eration 121 pupae and 3 mature larvae were taken from a tuber 4 cm.

by 6 cm. by 9 cm. The substance of the tuber had been so com-
pletely destroyed that on removal from the breeding jar it collapsed.

DEATH OF LARV^ IN TUBERS.

The normal rate of mortality among the larvae while tunneling in

tubers is very low. Whenever too many develop in a tuber and a

putrid condition ensues, very few of the partially developed larvae

escape. Some may leave the tuber and go in search of other food,

but most of them remain in the decaying tuber and die.

Larvae mining in potato tops are very susceptible to change of

weather, and in short cold and rainy periods most of the larvae in the

leaves are killed. Those in the stems, being better protected, are safer

from weather changes.

LENGTH OF FEEDING PERIOD OP LARV.^.

The length of the feeding period varies with the temperature.

During July and August the active larval life requires as few as 14

days, while during December and January the same period some-

times lasts 69 days. This much greater length of the larval stage

in winter is a result simply of retarded development and can not be
considered hibernation, as the larva is active and feeding at all times.
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METAMORPHOSES.

The instars of the insect show the greatest irregularity, even where

conditions as regards food and temperature are kept as nearly uni-

form as possible. In determining the molting periods, a large num.-

ber of larvae, hatched on the same day, were placed on tubers and on

each succeeding day the larvae were dissected from a tuber and pre-

served in formalin. For the first two days the larvae were of approxi-

mately the same size, but from the time of the first molt the greatest

variation was noticeable; when some had reached the last instar

others hatched on the same day and feeding on the same tuber were

only haK grown

.

This variation was also very noticeable in the hfe-history work.

Where the first mature larvae appeared in 18 days, there were mature

larvae leaving the tuber for the succeeding 6 days. Table 1 shows

the variation in the length of the larval period with larvae from

the same egg masses.

Table 1.

—

Length of larval stage of the potato tuber moth with larvx from the same egg
masses.

Eggs hatched.

Number
of

mature
larvae.

Dates between which they
appeared.

Number
of days
in emer-
gence
period.

1913

Nov. 5
Dec.3

1914

Jan. 2

Feb. 2
Mar. 19

Apr. 1

May4
June 19
Julys
Aug. 4

Sept.!
Oct. 4

Dec. 16 and Jan. 4...

Feb. Sand Feb. 21..

Mar. 2 and Mar. 28..
Mar. 16 and Apr. 4 .

.

Apr. 21 and May 2.

.

May 1 and May 12. .

.

June 2 and June 10.

.

July 6 and July 14. .

.

July 21 and July 27.

.

Aug. 18 and Aug. 23.

Sept. 21 and Sept. 30
Nov. 3 and Nov. 16..

As has been suggested, the rapidity of growth of the larva seems

not to be influenced by the amount of food. Larvae developing

in leaves, stems, or petioles, grew more rapidly than those in the

tubers. In these experiments the larvae were kept on potted plants

indoors, and those in tubers were placed in a breeding jar beside the

plant. The experiments were carried on under the same temperature,

but the larvae in the leaves were more exposed to changes in tem-

perature, and whether the greatest difl'ercnce in the time of develop-

ment was caused by a variation in temperature or a difference in the

characterof thef()od,itw()ul<lbohardt()dot(^rmine. It seems probsible,

howev(;r, that the lurv;e iu the potato tops had the most succiilont

food, and t lint this made some difference in the time of development.
The rcsiihs of the (!.v|)(!riiri('ri(s nvo shown in Table 2.
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Table 2.

—

Length of larval stage of potato tuber moth; comparison of larvse reared on
tubers and larvse reared on potato tops.

LARV^ REARED ON TUBERS.

Eggs hatched.
Larvse
mature.

Larval
stage.

Nov. 10, 1915.... Dec. 13
July 14

Days.
33

July 5, 1914 16

LARV.ffi; REARED ON POTATO TOPS.

Nov. 10, 1915 Dec. 7
July 18

27
July 5, 1914 : 13

The process of molting is similar to that in other lepidopterous

larvae, the skin splitting down the dorsum of the first few segments,

and the larva working its way out through this opening. By far

the greater time is taken up in preparation for molting and in

resting after the operation.

LEAVING THE TUBER.

When the larvse become mature they usually leave the tuber for

pupation. If they remain in their channels they come out toward

the opening, so that the head of the pupa is just under the skin of

the potato. When the larvse leave the tuber they are very active

and seldom remain exposed very long. If they are disturbed in any
way they throw themselves about until they reach shelter of some
kind. They are especially active when parasites are near, and

should the latter approach, contort themselves rapidly until the

parasite has disappeared.

When a suitable place for pupation is discovered, an operation which

may consume from an hour to a day, the larva begins a cocoon at

once, working so rapidly that very soon it is covered with a thin

mesh. If disturbed, it will often leave its partially completed cocoon

and seek another place to pupate. Sometunes one larva will interfere

with another spinning a cocoon to such an extent that the partially

constructed cocoon will be deserted by both. Parasites, however,

cause the desertion of the greatest number of cocoons by attempting

oviposition before the cocoon is completed.

Cocoons containing pupse of the tuber moth were noted in an old

bin in the following places: (1) In the eyes of potatoes; (2) between

potatoes (where they touched or almost touched); (3) between

potatoes and bin walls; (4) between potatoes and sacks; (5) in folds of

sacks; (6) in cracks in bin walls; (7) in nail holes of bin walls; (8) onbin

walls; (9) in rubbish on floor; (10) on open floor (mostly naked); (11)

in end of burrow with cocoon partly protruding; (12) in old burrows

under dry skm of potatoes.
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In the field, where the larvae were workmg on potato tops, the pupae

were noted m the foUowmg places : (1 ) In curled dried leaves on the

plant; (2) under clods and rubbish, and (3) protruding from old

burrows m the stem.

Under field conditions most of the pupae were found in the dried

leaves which still clmig to the potato plant.

After the larva has completed its cocoon it spends a period varying

from two days to a week or more before changmg to the pupa. The
larva becomes greenish aU over and sometimes takes on a famt blue

tinge. It also becomes much shortened and constricted at the seg-

ments, and loses nearly aU its activity. This stage varies very much
with the temperature, being much shorter in summer than in wmter.
The larva is helpless at this time and can not move within its cocoon

sufficiently to ward off the attacks of parasitic enemies. During
this period the greatest amomit of parasitism of the mature larva

takes places.
THE PUPA.

As the time of pupation approaches, the skin on the dorsum of the

anterior segments of the larva splits, and the pupa works the skin off

in a short time. The cast skin occupies a small space in the posterior

end of the cocoon.

The pupa when newly formed is white with greenish markings.

It soon begins to darken and in a few hours' time is uniformly dark

brown. When first formed it remains quiet until it becomes hard-

ened, but is very sensitive and if disturbed turns itself around by
moving the tip of its abdomen in a circle. The hooks at the tip of the

abdomen are sometimes fastened in the cocoon, so that even if part

of the anterior end of the cocoon is torn off, the pupa will not neces-

sarily be dislodged. Just before emergence it is quite active. and
turns itself around quickly if disturbed. As the time for emergence
approaches the pupa becomes still darker in color and is less active.

The period of pupation varies greatly with the temperature and
even when under constant temperature. Lots of pupse formed on
the same day vary to such an extent that the last to emerge often

requires twice as long as the first. Experiments undertaken to de-

termine the influence of sox on the length of the pupal period gave
entirely negative results, as both sexes were practically evenly divided

at all periods of emergence.

Extreme variations for the pupal period indicated 8 days for

July and 56 days for December and January. Variations (hn-ing

one month includf; 12 days for the shortest and 29 days for the

longest ponod.

Even where lh(! pupal stage is of the longest duraticm the ratio

of this to the increased length of the other stages of the moth re-

mains so n(!arly constjirit, that, it, s(HMns (h!V(^]()p]n('nt wit,hin the
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pupa must continue all the time, though, of course, at a greatly

reduced rate. For this reason this longer pupal stage must be
classed as retarded development and could hardly be termed true

hibernation.
THE ADULT.

EMERGENCE.

The skin of the pupa splits along the dorsum of the thorax, and the

moth by contracting itself draws its head from the pupal case. From
this time on it is never quiet, contracting and expanding its abdomen
and withdrawing its legs from their cases on the venter of the pupa.

When the legs are free and the body has started to move in the case,

the whole insect is free within a few moments. The freshly emerged

adult generally moves very little until it has expanded its wings to

their normal size. Sometimes the latter process is quite slow, but

generally within a short time the wings reach beyond the tip of the

abdomen. Even after development is apparently complete the

moth prefers not to attempt flight for some time, but if disturbed

either feigns death or seeks a place of concealment with a character-

istic jerky runniag movement.

For some tune after emergence the adult spends most of the time

in hiding, but if sweetened water is placed near it the insect will feed

readily.
HABITS OF THE MOTH.

Under field conditions the habits of the insect are well adapted to

protect it until the eggs are deposited. During the day the adult

hides beneath rubbish, or if the fields are clean, under clods of earth.

Its coloring is very protective, and it is difficult to locate the adults

even after they have been observed to alight. They seldom fly in

the field during the brighter hours of midday, unless disturbed, and

then the flight is short and jerky, and on alighting they seek con-

cealment. When they fly to the potato vines they hide beneath the

leaves, so that they are seen with difficulty. Under field conditions

they have not been noted to take food. The activity increases with

the temperature, being greatest during warm nights.

PROPORTION OF THE SEXES.

The proportion of the sexes during the year remains very nearly

constant and almost equal. Pupse selected at random at various

times of the year gave the results shown in Table 3.

Table 3.

—

Proportion of sexes of the potato tuber moth.

Month.

January
April .

.".

July
October

Number
of pupse.

127
200
200
100

Male.

69
111

95

52

Female.

104
43

Not
emerging.
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REPRODUCTION.

Mating takes place witliiii a day or two after emergence. During

tlie summer montlis this time may even be reduced. Sexual attrac-

tion is quite strong, the males being readily attracted to the females.

Pairs may mate several times, frequently promiscuously. Mating

is most common during the morning and evening. Mating pairs

have been noted m the field, generally under clods and rubbish, r.t

temperatures of from 59° to 65° F.

Oviposition takes place witliin from 24 to 48 hours after mating.

Generally only a few eggs are deposited the first night, from 10 to 20

in number. The maximum number is deposited the second, third,

and fourth nights. Oviposition by a female when fed on sweetened

water may last for two weeks, but even in these cases it will be found

that over half of the eggs were deposited before the fifth night.

The following record gives the oviposition record of an average

pair:

October 7.—Pair mating.

October 8.—7 eggs deposited.

October 9.—31 eggs deposited.

October 11.—57 eggs deposited.

October 12.—39 eggs deposited.

October 14.—34 eggs deposited.

October 15.—5 eggs deposited.

October 17.—11 eggs deposited.

October 18.—3 eggs deposited.

October 19.— eggs deposited.

October 22.—Female dead.

Oviposition takes place almost altogether at night, especially

during warm nights. On cool dark days eggs are sometimes depos-

ited, but these are few in number and very seldom are two found

placed together. When the m.oths are kept in darkened cages they

deposit a few eggs during the day, but even here the greater part of

oviposition takes place at night.

Adults in the act of ovipositing on potatoes were very commonly
noted. The female generally sought the eye of the potato and after

turning around a few times settled down and remained quiet for a

few moments. Just before oviposition the tip of the abdomen was

moved around slightly until a suitable place was found, then the

abdomen was contracted rapidly by drawing in the tip and the egg

was extruded.

The egg when first deposited is viscid, and translucent white, but

hardens in a very short time. Generally the adult moves about

after oviposition until another satisfactory place is found, but the

same adult may deposit most of a night's quotum of eggs in the same
place. In case the adult (Hscovers a narrow deep crack in the tuber

the eggs are often placed within it in a chain. When the breechng

jars are covered with cheesecloth it is always found that some c^'gs

are deposited on the cloth. Tliis is in corro})orati()ri of the fact statcMl

by Picard (83), that oviposition is stimulated by a roughened surface.

55889°—Bull. 427—17 4
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EELATION OF POOD TO OVIPOSITION.

Experiments to test the effect of feeding on oviposition show
that both the period of oviposition and the number of eggs laid may
be increased by feeding. In these experiments some of the moths
were kept in dry vials, some in vials with a little water, and others in

vials with sugar water. Those kept with water were under condi-

tions more like those outdoors, while the ones in dry vials would be
under extreme laboratory conditions.

The results are shown in Table 4.

Table 4.

—

Relation offood to oviposition of the potato tuber moth.

Nature of experiment.
Number

of

adults.

Total
eggs de-
posited.

Average
number
of eggs
per

female.

Without food 10
10
10

1,138
1,472
2,094

114
Water. 147

209

Temperature also has a very important effect, not only on the

rapidity with which eggs are laid, but on the number as well. During

the winter months, when the nights become cool, very few eggs are

deposited by an adult, and these are well scattered. The period of

oviposition is longer during a season of cool nights, but even this

does not make up for the fewer eggs laid, as will be seen in Table 5.

Table 5.

—

Effects of temperature on oviposition of the potato tuber moth.

Pair of adults matiag.
Ovi- Total

position egga
period. laid.

Days.
17 109
14 247
8 262
9 294

13 142

January. .

.

April
June
August
November

September and October also showed large egg records, 27 out of 35

adults luider observation depositing over 200 eggs each.

EFFECT OF FERTILITY ON OVIPOSITION.

Unfertilized females were isolated at different seasons of the year

to test the effect on oviposition. Almost all of these deposited eggs

at some time during their lives, but the eggs were deposited irregularly

and m much smaller numbers.

Table 6 shows some of the greatest variations to be found in this

connection.
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Table 6.

—

Oviposition of the potato tuber moth by virgin females.

Female No.

Period
between
emerg-
ence an.d

ovi-
position.

Total
number
eggs.

Period
of ovi-

position.

Length
of life.

1

Bays.
5

1

3

7

4
5

5

4

13

51

6
44
1

18
29
9

32

Bays..

1

5
9
1

16
13
6

Bays.
17

2

13

22
- . 11

21
18
12
28
17

2

3

4
5

6
7
8 . . . .

9
10 6 10

Examination of this table will show also that oviposition was
delayed longer after emergence than in the case of fertilized females.

POSSIBLE PARTHENOGENESIS.

To corroborate the observations on parthenogenesis cited by
Picard regarding this insect (83), unfertilized females were isolated

dm-ing spring and fall, and all the eggs deposited were carefully

watched. In these experiments 54 females deposited a total of

486 eggs, of which 324 were laid during September and 162 during

April and May. None of the eggs hatched, showing that while

parthenogenesis may exist, it is not very common.

LENGTH OF LIFE.

Pairs of adults isolated proved that the length of life of the male
is shorter than that of the female. This proved to be the case in 221

out of 275 experiments carried out for egg records. In nearly every

case where the female died first the egg record was poor, indicating

that the female was abnormal to begin with. The length of life

varies with the temperature, the warmest season giving the shortest

life records. This is even more pronounced where the adults are

not fed.

The extremes noted for length of life were, for the male 1 to 14

days, and for the female 2 to 22 days, in cases where the pairs had
mated. In experiments using unmated individuals the length of life

for the male varied from 3 to 31 days, and for the female, 2 to 28 days.

In the case of the male which lived 31 days no food was given, and
tlie individual was kept in a dry vial. This record was made during

November when the weather was cool.
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A fairly average record of a pair of adults which mated October

29, 1914, is as follows:

October 31.—40 eggs.

November 1.—63 eggs.

November 2.—28 eggs.

November 4.—41 eggs.

November 5.—18 eggs.

November 8.—19 eggs. Male dead.

November 10.—6 eggs.

November 12.—3 eggs.

November 13.-— eggs. Female dead.

SEASONAL HISTORY.

NUMBER OF GENERATIONS.

The number of generations in one year, as might be expected, is

subject to the wide irregularity shown in the separate stages, and to

temperature and other natural influences.

By taking the first to emerge from each brood, six generations are

theoretically possible. In reality this would include five complete

generations, and the beginning of the sixth.

By starting several generations in each month for almost three

years, it was possible to determine the average length of generations

for the different months of the year.

Table 7 gives the results obtained:

Table 7.

—

Length of generations of the potato tuber moth.

Month of starting
generation.

January

.

February
March . .

.

April

Approxi-
mate

length of

genera-
tion.

Days.
90

Month of starting
generation.

June . -

.

July....
August,

Approxi-
mate

length of

genera-
tion.

Days.
50
40

30-35
30-35

Month of starting
generation.

September
October. .

.

November
December.

Approxi-
mate

length of

genera-
tion.

Days.
45

70-75

92
95

Consecutive generations for a year, using the first to emerge, may
be plotted as follows:

1st Gen. 2nd Gen.

Plot A.

3d Gen. 4th Gen. 5th Gen. 6th Gen.

Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.

This shows plainly that even in the more severe years six genera-

tions may be obtained, usiug the first to emerge from each brood.

By using the last to emerge from each brood, the number of genera-

tions is reduced as the following plot shows.
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1st Gen.

Plot B.

2nd Gen. 3rd Gen. 4th Gen. 5th Gen

Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.

The gradual emergence of adults from a generation the larvse of

which aU hatched on the same day may be shown from the examples

which follow, one from midsummer and the other from midwinter.

Table 8.

—

Emergence of adults of the 'potato tuber moth from two generations, the eggs

of one hatching on July 7 and those of the other on December 8.

Average mean temperature 72° F. Average mean temperature 61° F.

1914 1914

July 7. Eggs hatched. Dec. 8. Eggs hatched.

1915

Aug. 1. 2 adults emerged. Mar. 7. 2 adults emerged.
Aug. 3. 21 adulta emerged. Mar. 9. 4 adults emerged.
Aug. 5. 18 adults emerged. Mar. 10. 2 adults emerged.
Aug. 6. 4 adults emerged. Mar. 11. 1 adult emerged.
Aug. 8. 1 adult emerged. Mar. 12. 6 adults emerged.
Aug. 10. 2 adults emerged. Mar. 13. 3 adults emerged.
Aug. 11. adults emerged. Mar. 14. 3 adults emerged.

Mar. re. 1 adult emerged.
Mar. 18. 4 adults emerged.
Mar. 20. 1 adult emerged.
Mar. 23. 1 adult emerged.
Mar. 30. adults emerged.

The records given above show plainly the difference in number of

generations which may be caused by taking the first to emerge or the

last to emerge in each life cycle. If the first eggs deposited by the

"first to emerge/' and the last eggs deposited by the ''last to emerge"
are taken for the second generations, the difference wiU be increased

to such a degree that almost a month will elapse between the time

of starting the two generations.

Taking generations throughout the year gives the following periods

(Table 9). The records are for 1914, and were made at Pasadena, Cal.

Table 9.— Variation in life cycle of the potato tuber moth.

January. ..

February..
March
Aoril
•Vlay

June
July
AUKU.St
September.

October . .

.

November.
Dccftmber.

Month started.

1914.

I9i;j.

Eggs
laid.

Jan. 4
Feb. 11

Mar. IH

Apr. if)

May 1(1

Juno 14

July i:i

Aug. 17

Sept. 14

Oct. 14

Nov. 7
Dec. 12

Adults emerging

First.

Apr.
Apr.
May
June
July
July
Aug.
S<!J)t.

Oct.

Dec. 24
Feb. 7

Mar. 19

Last.

Apr. 30
May 13
May 31
Juno 20
July 10
Aug. 3
Aug. 23
Sopt. 27
Nov. 10

.Tan. 14
Fob. 22
Apr. 10

Greatest
number
emerg-
ing.

Apr. 10
Apr. 29
May 21
Juno 12
July 7
July 27
Aug. 17
Kept. 22
Nov. 1

Doc. 31

Jan. 13

Mar. 25

Length
of life

cycle.

Bays.
91
73
01

55
49
40
33
33
45

71
92

97
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Tn examiniiig this table it must be borne in mind that the results

given are for a particular year, and great variations are possible from

similar months in other years. One example will be sufficient to

illustrate this point: During the middle of April, 1914, the mean
temperature averaged about 66°, and during this time eggs of the

tuber moth were hatching in from 8 to 9 days. During the same
period of 1915, with the average mean temperature about 59° F., the

egg stage lasted from 12 to 14 days. All stages of the insect vary

so greatly that it is difficult to foretell how long a generation will

take.
OVERLAPPING OF GENERATIONS.

From the foregoing examples it is evident that all stages of the

tuber moth exist throughout the year in Southern Cahfomia, and

consequently the broods can not be distinguished. Many writers have

estimated the numbers of broods or generations by the abundance of

moths at different times of the year. If conditions are considered,

it may be seen that food and temperature govern this condition. In

summer, with an abundant food supply, the insect multiplies with

great rapidity, adults become abundant, and the impression of the

emergence of a brood is given. If plots A (p. 28) and B (p. 29) are

compared, the overlapping of generations may be understood.

By placing one over the other as in plot C, the shaded areas

show the time adults are emerging. The broken Unes are from

plot B.
Plot C.

1st Gen. 2nd Gen. 3rd Gen. 4th Gen. 5tli Gen.

1st Gen. 2nd Gen. 3rd Gen. 4th Gen. oth G en. 6th Gen.

Jan. Feb. Mar. Apr. May. June. July. Aug. Sept. Oct. Nov. Dec.

This diagram indicates that although the generations may secure

an even start at the beginning of the year, by late summer and fall

the first to emerge from the fifth generation are appearing at a time

when there are stiU adults from the fourth generation emerging. This

explains the presence of all stages of the insect at all times of the year,

and indicates that from the economic side a knowledge of the life his-

tory of the moth is of httle importance, except as it shows the possi-

bihties of reproduction

.

HIBERNATION.

During the discussion of the effect of temperature on the various

stages of the tuber moth the impression was given that there is no
hibernation for any length of time in southern California. This is

surely the case under normal conditions, though possibly there is no
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noticeable development for a few days at a time when the average

mean temperature is low.

Experiments were carried on in the storage rooms of an ice company
at Pasadena to determine if low temperature acting for some time

would kill the various stages of the moth or whether they could

hibernate successfully. For these experiments the following stages

were taken : Adults, pupfe, mature larvse in cocoons, and eggs. Two
experiments were carried on at the same time. One lot was kept at

32° F. for three weeks, while the other lot was kept for 35 days at a

temperature of 38°-40° F.

The results are summarized in Table 10:

Table 10.—-Effect of ow temperatures on stages of the potato tuber moth.

Time.
Tempera-

ture
(constant).

Adults. Pupae.
Mature
larvae.

Eggs.

21 days.. 32° r
40° r

Most alive and active Alive
...do

Alive
...do

Alive.
Over half were dead Do.

In the cases where the various stages were alive they developed

normally when taken from storage. In both experiments develop-

ment was stopped in all stages while the material was in storage.

These results show that the tuber moth may hibernate successfully

where conditions demand it and that no development takes place

below 40° F. Prof. Picard (83) says that no development takes place

below 50° F.
DISSEMINATION.

The tuber moth is disseminated by two means, natural and arti-

ficial. Of- these two the former (by flight of the moth) is much the

slower and, as it can hardly be controlled, is relatively unimportant.

The most important spread of the tuber moth takes place through

the movement of infested potato tubers. In this way the insect is

assured of an abundance of food, and since the tubers are not allowed

to freeze, the temperature is always favorable. In interstate and
international shipments the moth is given every opportunity to

spread and has probably been introduced at some time into every

civilized country on the globe.

It is even possible that a careful inspection will show that it is

established in many localities where it is now unknown. This is

especially likely to be the case in districts where the climate is cold

and wet and therefon^ unfavorable for the insect's normal develop-

ment.
MORTALITy OF THE STAGES.

^Hie mortality in the various stages must be considered from the

standpoint of whether the insect is working on potato tops or on
stored potatoes. Under field conditions as a leaf minor the mortality
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is SO high that an increase of the insect from this source is highly

improbable. Rains and sudden changes in climatic conditions kill

many of the larvae, and the large number of predacious and parasitic

enemies further reduce the numbers of the insect. The figures will

be considered later with the discussion of natural enemies.

When the insect attacks stored tubers the percentage of insects

developing safely is very high. Figures show that practically all the

eggs deposited hatch. In storage there is always an abundance of

food and all stages are protected from most of their enemies, so most
of the larvEe develop successfully.

POSSIBLE RATE OF INCREASE.

The theoretical rate of increase for the tuber moth is very rapid.

Taking 150 as the average number of eggs deposited and comiting

half the adults as females, the progeny of one pair would give about

60,000,000 adults at the end of the fourth generation.

While this theoretical rate is seldom even approached, it serves to

show that under favorable conditions for reproduction the insect may
increase to damaging numbers in a short time.

NATURAL ENEMIES AND CHECKS.

Where the tuber moth works as a leaf-miner on the potato tops, its

numbers are kept down very well by its enemies and chmatic changes.

Its numerous parasitic enemies play the most important part, rains

and cold weather probably come second in point of importance, and

the predacious enemies last.

In southern California the parasitic enemies of the tuber moth
form a fine series and work on every stage. The egg and pupa each

has its parasite, while several attack the partially grown larvae and
at least two the mature larvae.

Only three of these work on the tuber worm infesting potatoes,

and here they are only partially effective. The burrowing habit of

the larva protects it from parasites except while spinning its cocoon

and pupating. Parasites are also hampered by the storage of pota-

toes. Altogether it is doubtful if parasites could be of practical

importance when the insect infests stored tubers. Certainly the

stored potatoes examined have discouraged such a belief.

Experiments to ascertain the percentage of parasitism in the potato

tops show that the parasites, taken altogether, are valuable in the

control of the tuber moth. The impracticability of direct methods
oi control necessitates the use of all possible measures to limit the

number of moths before harvest. This is well accomplished by the

parasites, resulting in lessened injury to the leaf surface and dimin-

ishing the number present to infest the potatoes just before and during

harvest.
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PARASITES.

Pai'asites vary in effectiveness. During 1914 Habrobracon johann-

seni (fig. 16) was the most effective, and the following list probably

gives them in the order of their importance for that year

:

Habrobracon johannseni Vier.

Chelonus shoshoneanorum Vier.

Sympiesis stigmatipennis Girault.

Campoplex pTithorimaeae Cushm.

Bassus gibbosus Say.

During early 1915 Dihrachys clisiocampae Fitch was discovered,

and while not so well distributed, it seems to be well fitted to be an

Apantales sp. (Ghttn. No. 2230°^).,

Microgastersp. (Chttn. No. 2230"»).

Nepeira benevola vav . fuscifemora Cushm.

Zagrammosoma flavolineatum Cwfd

.

Fig. K.—Emitty cocoon of the potato tuber moth (large one) and cocoons of its parasite, Habrobracon

johannseni. Much enlarged. (Original.)

effective enemy. Ranking the parasites in the order of their im-

portance for 1915 would give them the following order:

DihrachjH clisiocampae
]

Chelonus shoshoneanorum.

Sympiesis stigrruitipennis
r\^llrLnce!'''

Campoplex phthorimaeae)

Apanleles sp. (Chttn. No. 2230°^).

Ilahrohracon johannseni.

The last four species in each list were relatively unimportant

<lurii)g botli years in the districts from whicli material was collected

for study. These were as easily reared in confinement as most of

the (others, and there seems to bo no reason why they should not be

important equally with other species which oviposit in the tuber

lar\'ii wlufre it occurs as a leaf-miner.

Bassus gibbosus.

Microgaster sp.

Nepeird benevola \ixr . fuscifemora.

Zagrammosoma Jlavolineaium.
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DIBRACHYS BOUCHEANUS KATZ.

This well-known and cosmopolitan secondary parasite (fig. 17)
emerged from the tuber-moth material collected during 1912, 1913,,

and 1914, and, as shown by dissection, from both Hahrohracon

a ' c * "" h
Fig. 17.

—

Dibrachys boucheanus: a, Larva; 6, pupa; c, adult female; d, head of larva; e, antenna or
male, highly magnified. Greatly enlarged. (After Howard.)

joTiannseni and CJielonus sJiosJioneanorum, the former seeming to be its

favorite host. This species was reared from the egg in the laboratory,,

where it attacked the mature larvse of its hosts after they had spun
their cocoons. Where the cocoons were not too thick to prevent it

from reaching its host

the parasite would

often feed at the

wounds caused by its

ovipositor.

When reared under

laboratory conditions

thehyperparasites in-

crease rapidly, bub

under field conditions

their numbers are not

as large in proportion

to the host as might
be expected. During
1912 and 1913 the

percentage of para-

sitism ran as high as

50 per cent in the case of Habrobracon joTiannseni. With CJielonus

sJiosJioneanorum the average was much lower, the highest running

29 per cent. During 1914 the percentages in both cases were much
reduced, and while greater numbers of its two hosts were reared than
in the previous year, DihracJiys boucJieanus was noted on only a few
occasions.

Fig. li.—Zagrammosoma flavolineatum: Adult male, widi lateral

view of head. Much enlarged. (Original.)

1 Chittenden No. 2230'"'.
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During 1915 the parasitism averaged slightly over 1 per cent, as

two individuals of Dihracliys houcJieanus were reared, while 172

specimens of Hahrohracon johannseni issued in the parasite cages.

Three or fom' specimens were commonly noted in one host, and
in the material reared under laboratory conditions a single hyper-

parasite was rarely reared from one host.

The following record shows the development of a fall generation:

1913.

October 27.

—

D. boucheanus parasitizing mature larvse of H. johannseni.

November 8.

—

D. boucheanus larvse mature.

November 14.^

—

D. bouchsanus larvse pupating.

December 7.—2 D. boucheanus adults issued.

December 8.—7 D. boucJieanus adults issued.

December 10.—4 D. boucheanus adults issued.

December 11.—1 D. boucheanus adult issued.

Life cycle 40 days at average mean temperature of 62° F.

ZAGRAMMOSOMA FLAVOLINEATUM CWFD.^

During 1914 and 1915 ZagrammosomaflavoUneatum (figs. 18, 19)

wasnoticed issuing from cages containing some Phthorimaea operculella

Fig. W.—Zayrammo.wma flavolinmlum: Adull, female, with lateral view of head.

Much enlarged. (Original.)

material, EfTorts to rear it from the tuber molJi were failures at first,

-o inimcrous tuber-mot]i Lirvir; wen; tak<'ii from leaf mines and placed

Mil tubers so that tliere migJii be no danger of getting niixiul material.

So specimens of Ibis ])anisil(^ emerged in these cages, and it was
supposed that it was issuing from some other host.

« Chittenden No. 2230»».
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Finally a parasite pupa was noted in a leaf mine "witb. the remains of

a tuber-moth larva. When the adult issued it proved to be Zagrammo-
soma jiavolineatum. More experiments were carried on, using only

material where the tuber-moth larvae occurred as leaf-miners and
were less than half grown. The parasite was seen to oviposit in

these larv93, and it was successfully reared through to the adult.

This parasite thus far has not proved to be of much importance,

and seems unpromising, as the adult is so slow and deliberate in its

movements that a tuber-moth larva in a large mine can move about

and often escape the ovipositor of the parasite.

The following record gives the length of its life cycle:

1915.

August 17.

August 29.-

August 30.

August 31.

Zagrammosoma Jiavolineatum ovipositing in tuber-moth larva.

1 Zagrammosoma Jiavolineatum adult issued. (Male.)

2 Zagrammosoma Jiavolineatum adults issued. (Males.)

•1 Zagrammosoma Jiavolineatum adult issued. (Male.)

September 1.—1 Zagrammosoma Jiavolineatum adult issued. (Female.)

September 2.—2 Zagrammosoma Jiavolineatum adults issued. (Male and female.)

Life cycle 13 days at average mean temperature of 75°F.

SYMPIESIS STIGMATIPENNIS GIRAULT.^

During 1914 and 1915 tuber-moth material collected at Pasadena
during late fall gave great numbers of a small parasite, the male of

which (fig. 20) had
¥\ <r ¥ r .<^ branched antennae.

At about the same
time an examination

of mines on potato

leaves often showed

a parasitic larva (fig.

21) feeding extern-

ally on a partially

grown larva of the

tuber moth. When
these were reared

they proved identi-

calwith those issuing

in the parasite cages.

The parasite was
reared with ease in

the laboratory, and

it oviposited readily in leaf-mining tuber-moth larvse when half grown

or sHghtly smaller. The host is soon killed and within a short time

becomes semiliquid, and the development of the larva is very rapid.

When matin-e (fig. 22) it crawls into a corner of the mine and, without

spinning a cocoon, pupates.

Tig. 20.

—

Sympiesis stigmatipennis: Male. Much enlarged. (Original.)

1 Cluttenden No. 2230''2.
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The pupa (fig. 23) is very flat and black. Several individuals may
issue from one host. Under field conditions about equal numbers,

of males and females

issued, but in the labo-

ratory males greatly

predominated. Mating

takes place as soon as

the adults issue, and

oviposition shortly
after. The females (see

fig. 24) probably obtain

moisture from the
wounds made in the

epidermis of the leaf by
their ovipositors, as

they were often noted

after oviposition to

backup and apply their

mouth parts for some
time to the hole made
in the leaf. As the

tuber-moth larva had
generally moved away by this time, it could not have been possi-

ble for it to have obtained food from the wound in the larva.

Fig. 21.

—

Sympiesis

stigmatipennis:
Immature larva

feeding on larva

of tuber moth.
Much enlarged.

(Original.)

Fig. 22.

—

Sympiesis

stigmatipennis;

Mature larva.

Much enlarged.

(Original.)

Fig. 23.

—

Sympiesis:

s tig mat ipennis:

Pupa. Much en-

larged. (Original.)

Fio. 24.

—

Sympiesis stigmatipennis: Female. Much enlarged, (f)riginal.)

This parasite issued in groat numbers in 1014 and 1915, and gives

promise of doing much to control tiie h^af-mining tuber worm. The
following record gives an average life cycle:

1915.

.January 2fi.—Tubf;r-rrK)th larva j)ara.4ilizc(l Ijy iSyrnpicsi'i siUjrnalipenm.8.

February 21.—3 Sympiesis stigmatipennis adults iHsued. (Males.)
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1915.

February 23.—1 Sympiesis stigmatipennis adult issued. (Female.)

February 25.—3 Sympiesis stigmatipennis adults issued. (Males.)

Life cycle 26 days at average mean temperature of about 52° F.

Longest life cycle noted, 45 days.

CAMPOPLEX PHTHORIMAEAE CUSHM.^

During 1913 a very few adults of this species (fig. 25) were reared

from tuber-moth material collected near Puente, Cal. These speci-

mens could not be reared in the laboratory. In 1914 and 1915

the parasite became very abundant, and was reared from tuber-moth,

larvse, proving it to be a parasite of this species.

Fig. 25.— Campoplex phthorimaeae; Adult female, with lateral view of abdomen.
(Original.)

Much enlarged.

Tests under laboratory conditions showed that it oviposits in the

tuber-moth larvae only where they act as leaf-miners, and prefers those

about half grown. The adult has been noted ovipositing both in the

field and in the laboratory. It is so active that the tuber-moth

1 Chittenden Nos. 2230»3 and 2230M3.
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laiTa seldom escapes. The parasitized tuber-moth larva is readily de-

tected when it becomes mature and seeks a place to pupate. A large

chirk or redcUsh spmdle is apparent, filling most of its abdomen, and the

larva is very restless and seldom stays in one

place long enough to spin a cocoon. Finally

the host loses all power of locomotion and dies,

and within a few hours the mature parasite

larva (fig. 26) forces its way through the skin of

its host and begins spinnmg its cocoon (fig. 27)-

As the parasite larva is ahiiost the size of its

host, only one develops on each tuber worm.
The cocoon is completed within a day or two.

It is very heav}^, ellipto-C5dmdrical in shape,

light gray, and with a lighter band around the

middle. The pupa,
removed from its co-

coon, is shown in fig-

ure 28.

This parasite assisted greatly in reduc-

ing the mnnbers of the tuber moth in the

potato tops during 1914 and 1915.

An average life cycle is given below

:

December 15, 1914.—Tuber-moth larva parasitized

by Carnpoplex phihorimaeae

.

February 5, 1915.—1 Campoplex phthorimaeae adult

issued. (Male.)

February 6, 1915.—1 Campoplex

phihorimaeae adult issued. (Female.)

Life cycle 52 days at an average

F.

Fig. 26.— Campoplex phfliori-

macac; Lateral view of ma-

ture larva with view of face.

Much enlarged. (Original.)

Fig. 27.—Cocoon of Campoplex phtho-

rimaeae, parasite of potato tuber

moth. Much enlarged. (Original.) mean temperature of about 54

HABROBRACON JOHANNSENI VIER.^

This is probably the best known parasite of the

tuber moth, both where it occurs as a leaf-miner and
as a pest of stored potatoes. It is wcU distributed,

having been reared from tuber-moth material" collected

over most of southern Cahfomia.

It oviposits in the mature larva of the tuber moth
after it has spun its cocoon. As many as 13 parasite

liirvsc have been observed to develop on a single host.

The adult female is very active, })ut seems to prefer

to work oidy in the light, for the parasite has never

been resired from material k(!pt in darkened bins.

The larvaj may develop eitJier ext(irnally or internally, the host

seeming to depend on the position of the egg. Aft(!r the tuber-moth

Fig. 2S.— Campo-

plex phihorimaeae:

Lateral view of

pupa. Much en-

larged. (Original.)

> Chittenden Nu. 2230o«.
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larva has been parasitized it does not pupate, but soon breaks down
and becomes semiliquid.

The mature larva spins a light but tough white cocoon within the

cocoon of its host, thus being well protected. This apparently

Fig. 29.— Chelonus shoshoneanorum: Adult female. Much enlarged.

(Original.)

explains its comparative immunity from the secondary parasite

Dibrachys houcheanus.

The adult feeds quite often at the oviposition wounds of its host.

The adults are very hardy and the female is long Hved, One female

lived from July 19 to September 21, 1914, a period of 64 days, and in

this time 291 adults were reared from this one specimen. When the

Fig. 30.— Chelonous shoshoneanorum: Female ovipositing in egg of tuber

moth. Much enlarged. (Original.)

mortahty of the stages under laboratory conditions is considered, it

will be seen that this species is quite prohfic. This female was fed

sweetened water four times during this period. The life cycle varies

from 10 to 38 days in length.
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Tlie record of a shorter life cycle follows

:

1913.

September 15.—Tuber-moth larva parasitized by Habrobracon johannseni.

September 18.—Parasite larvae nearly mature.

September 19.—Parasite larvte spinning cocoons.

September 20.—Parasite larvae pupating.

September 25.—4 parasite adults issued.

September 26.—17 parasite adults issued.

Life cycle 10 days at an average mean temperature of 78° F.

CHELONUS SHOSHONEANORUM VIER.^

This parasite (fig. 29) has been consistently abundant everyyear from

1912 to the present time. Efforts to rear it from the larvae and
pupae of the tuber moth
failed, and, at the sug-

gestion of Dr. Howard,
the insect was placed

with eggs of the tuber

moth. Oviposition (fig.

30) took place at once,

the parasites usually
feeding on the moisture

which collected at the

wound caused by the

ovipositor.

The eggs of the tuber

moth hatched normally,

and the young larvae at

once burrowed into the

tuber. Later the mature
tuber-moth larvae began
to leave the tuber and start their cocoons. Some of the larvse ap-
peared restless and darkened spindles were noticeable in their bodies
(fig. 31), quite similar to those in the case of Campoplex 'plitliorimaeae.

None of the larvae pupated, and soon the mature parasite larva (fig. 32)
emerged and spun its white cocoon within the cocoon of its host.

This parasite promises to be of value in controlling the tuber moth
in the field. It apparently does not work in darkened bins,.

The life cycle is divided as follows:

1914.

July 20.—Tuber-rnoth eggs parasitized Ity (,'hclonus shoshoneunorum.
July .'II.—Tiiber-irioth eggs hatched.
August 10.—ChelonuM larv;* mature.

August JH.

—

('hahmuH larvix; pupating.

August 26.

—

I (-'helonuH adult i.s.4ued.

August 27.-3 Chelonas adults iH.Hued.

August 28.-2 r'holonus a<lults issued.

Life cycle 31 days at an average mean temperature of about 72° F.

Fig. 31.—Larvae of tuber moth para-

sitized by Chelonus sJioshoneanorum.

Much enlarged. (Original.)

Fig. 32.— Chelonus slio-

shoncanorum: Mature

larva. Much enlarged.

(Original.)

I Chltlcndoii No. 'iXm".
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BASSUS GIBBOSUS SAY.^

Bassus gibhosus (figs. 33-35) attacks the half-grown tuber worm
in leaf muies. Like Zagrammosoina jlavolineatum, it is apparently of

minor importance, and probably for the same reason.

Adults placed on potato leaves containing larvae of the tuber moth
attempted oviposition, but frequently without success. The parasite

is rather slow in oviposition, and the larva within the mine is given

opportunity to escape the ovipositor.

Fig. 33.

—

Bassus gibbosus: Adult iexaale. Much enlarged. (Original.)

This parasite appears in the greatest numbers during the late fall

and winter. For this reason its life cycle is of rather long duration,

as the following record shows:

1915.

February 8.—Tuber-moth larvse parasitized by Bassus gibhosus.

April 2.—1 parasite issued. (Male.)

Aprils.—1 parasite issued. (Female.)

April 7.—1 parasite issued. (Male.)

Life cycle 53 days at an average mean temperatiu'e of about 53° F.

The parasite seems to be well distributed throughout southern

Cahfornia.

1 Chittenden No. 223006.
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APANTELES SP.'

This small active parasite (figs. 36-38) was not observed until

1914, and seems quite scarce except in the vicinity of Pasadena.

The liaK-grown leaf-mining tuber-

moth larvpe are attacked. When
the parasite has discovered a leaf

mine, it cautiously examines it until

it has located the position of the tu-

ber-moth larva. The parasite then

quickly inserts its ovipositor in the

mine. In case it strikes the larva,

it oviposits; otherwise it quickly

withdraws its ovipositor, inserting

it again in a new place. This is

repeated until the larva is parasi-

tized, although the difficulty in lo-

cating the larva may require a sec-

ond examination of the mine.

Should the parasite discover a larva,

however, it seldom leaves until it

has been successful in oviposition.

This Apanteles is a most promis-

ing parasite. The record of an average winter life cycle foUows:

Tig. 34.

—

Bassus gibbosus:

Mature larva. Much
enlarged. (Original.)

Fig. 35.—i

b s us: Pupa.
Much enlarged.

(Original.)

1915.

Fig. Za.—ApanteUs sp. (Chttn. No. 22:i(J'"), a parLusito of l,lio potato tuber moth:
Adult fomiilc. Much enlarged. (Original.)

January 25.—Tuber-moth Iarv«> parasitized by Apanteles sp.

Marrh '.'>.— I adult ApanLdes h]>. iHH\U',(\. (Female.)

Mareh 5.- 2 adult ApanLelcH Hp. issued. (Mal(!H.)

.March 0. -I 'aAwK ApantdcH n\). \mwA. (Male.)

Length of life cycle 37 days at average mean temperature of 63° F.

« Chittenden No, 2230".
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MICROCrASTER SP.'

This, the most active parasite attacking the tuber moth, pre-

fers haK-grown leaf-mining larvae. This parasite seems the best

fitted naturally to be a dangerous enemy of the tuber moth, but dur-

ing three years' observation has not reached expectations.

The adults (fig. 39) are readily reared at anytime from late summer to

spring, but never in large numbers. The adult has the shortest length

of life of any observed. Even when fed,

only one individual lived as long as 11 days.

It seems to be fairly well distributed through

the San Gabriel Valley.

The record of a typical life cycle follows

:

1915.

August 18.—Tuber-moth larvae parasitized by Micro-

gaster sp.

September 3.— ] adult issued. (Male.)

September 4.—2 adults issued. (Male and female.)

September 6.—1 adult issued. (Male.)

Life cycle 16 days at an average temperature of 73° F.

DIBRACHYS CLISIOCAMPAE FITCH.

^

Fig. 37.—Lateral view of mature

larva of Apanteles sp. (Chttn.

No. 22300'), with view of fan at

left below. Much enlarged.

(Original.)

The last well-ascertained parasite of the

tuber moth was Dihrachys clisiocampae

Fitch. During 1913 one fe-

male was reared from tuber-

moth material, but could not be bred through, and as

no more issued, it was given up.

In the winter of 1914 specimens were captured on

potato foliage, and it was later noticed breeding on

stored potatoes in the insectary. The parasite ovi-

posits in the mature larvge in cocoons, and in pupae

and issues from both stages, but usually from the

mature larvae. This parasite works both in the field

and in storage. It seems to prefer piles of potatoes,

working all through them, and also has been noted to

oviposit in dark bins. The egg is shown in figure 40.

The adult (fig. 41) is persistent, and if driven away
from a cocoon will return again and again until it ovi-

posits. Fourteen mature larvae (fig. 42) have been

reared from one host. These pupate (see fig. 43) with-

out spinning cocoons, and within the cocoon of their host. The
parasite does not seem to be very well distributed, having been

found only m Whittier and Pasadena, Cal. It seems at first glance

to be the most effective parasite of the tuber moth, but probably this

is not the case. It is not as effective a j others under field conditions,

Fig. 38.—Apanteles

sp. (Chttn. No.

223007): Lateral

view of pupa.

Much enlarged.

(Origiaal.)

1 Chittenden No. 223008. 2 Chittenden No. 223009.



THE POTATO TUBEE MOTH. 45

Fig. Z9.—Microgaster sp., a parasite of the potato tuber moth: Adult female. Much
enlarged. (Original.)

Fig. iO.—Dibrachys clmocampac: Egg, lateral view. Greatly enlarged. (Or ginal.)

Fiu. 11. iJihrnchyn dUiocampac: Adult female. Much eiiliirgcd. (Urlifjun].)
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and on stored potatoes conditions are such that any parasite is of

doubtful value. In addition, it seems to have one unfortunate habit,

that of becoming at times a hyperparasite on Campo-
plex pTithorimaeae. This habit is so unusual, however,

as to be unimportant.

The record below gives the length of a life cycle

:

1915.

August 8.—Tuber-moth larvae parasitized by Dihrachys clisio-

campae.

August 16.—Parasite larvae mature.

August 18.—Parasite larvae pupating.

August 25.—4 parasite adults issued.

August 26.—7 parasite adults issued.

August 27.—1 parasite adult issued.

Length of life cycle 13 days at an average mean temperature of

75° F.

OTHER PARASITES.

(Male and female.)

(Male and female.)

(Female.)

Fig. 42.

—

Dibrachys

cUsiocampae: Ma-

ture larva. Much
enlarged. (Origi-

nal.)

Other parasites ^ were reared from time to time in

small numbers from tuber-moth material collected in

the San Gabriel Valley. They never became at all

common. Efforts to rear them in the laboratory have

been unsuccessful thus far. Both have been seen on

occasion to oviposit in small leaf-mining tuber-moth larvae, but no

parasites have issued, and so they have not as yet been proven to be

parasites of the tuber moth.

NEPEIRA BENEVOLA VAR. FUSCIFEMORA CUSHM.^

For some time this parasite (fig. 44) was considered

identical with Campoplex phthorimaeae Cushm. The
differences noted seemed to be variations within the

species. While Mr. Cole was making drawings of the

parasites, henoted that therewere three separate types.

Nepeira henevola var. fuscifemora Cushm. closely

resembles Campoplex phthorimaeae, both in appear-

ance and life history, but has never become as abun-

dant as the latter. It oviposits in half-grown leaf-

mining tuber-moth larvae.

Larvae parasitized November 12 have given adult

parasites December 12, a length of life cycle of 30

days, at an average mean temperature of about 63° F.

PERCENTAGE OF PARASITISM.

Fig. 43.—Dibrachfs

cUsiocampae: Pupa,

lateral view. Much
enlarged. (Origi-

nal.)
The percentage of parasitism has fluctuated so

greatly in the time it has been under observation that

it is difficult to give even approximate figures. The lowest parasitism

noted was 40 per cent and the highest was 95 to 100 per cent. The

I Chittenden Nos. 2230oi« and 2230"". 2 Chittenden No. 2230012.
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parasites are undoubtedly of value in limiting tlie increase of the tuber

moth while itworksinthetops, thus decreasing infestation of the tubers.

Fig. 44.

—

Nepeira benevola: Adult female. Much enlarged. (Original.)

A review of the parasites shows that they attack the tuber moth
under the followins conditions:

On leaf-mining tuber moth. On storage tubers.

' 2230^' . Zagrammosoma flavoUneatum

.

2230"^. Sympiesis stigmatipennis

.

2230"-' and 2230'"-^ Campoplex phlhori-

maeae.
2230"*. Hahrobracon johannseni. 1 2230"*. ITahrobrncon johannseni.
2230"*. Oielonus shoshoneanorum. 1 2230''\ Chelonus shoshoneanorum.

• 22.30"«. Bfmvs O'ihhosus.

2230'^. ApuntdcsKp.
' 2230'^". Mvroqdnlcr sp.
2230"'^. Dihrachys clixiocampae. ' 2230"«. lJil)rachys chsioatmpae

.

'2230"'^. Xepeira benevola Vdr . fusci/emoru.

' Of doubtful importanre.

PREDATORS.

Predacious (iiiomios of tlio tuber motli appear ocoiiomically unim-

I)()rtant and will bo considorod very briefly.

TrijjJdejjsi'fifiidiofius vSiiyaiid the* larva of f'liryfiopacdl'iforiiica Coq.

have on a f(!W occasions bcion noted to destroy the eggs and newly

hatched larva;. As both those insects prefer aphids to the tuber

moth, and as aphids are generally present on the potato tops, it



48 BULLETIN 427, tJ. S. DEPARTMENT OF AGRICULTURE.

seems that the destruction of the tuber-moth eggs and larvae is more
accidental than natural.

Several species of spiders which are found in the fields spin webs in

which dead tuber moths have been noticed, and in a few cases the

spiders have been observed kilhng moths caught in the webs.

ARTIFICIAL CONTROL.

INDIRECT METHODS, GOOD FARMING.

A study of the literature of the tuber moth shows that many writers,

beginning with Capt. Berthon (1), have recommended good farming

and careful harvesting and storing of tubers as the best remedies

against the tuber moth. The powers of reproduction of this insect

have given weight to these arguments, and a study of cultural methods
in relation to tuber-moth infestation has proved the correctness of

their recommendations.

Through the kindness of Mr. S. S. Rogers, of the University of Cali-

fornia, the writer was enabled to compare the results of different cul-

tural methods. The test field, situated near Van Nuys, Cal., had
every conceivable variation in culture. Planting depth varied from

2 to 16 inches. Each plat contained both flat and ridged culture and

was harvested in three parts, so that each variation in culture had
early, medium, and late harvesting.

The results may be briefly summarized as follows

:

Taking the entire field as an average, the percentage of infestation

in the plats having ridged culture was 8 per cent less than in those

having fiat culture.

In the same way the plats harvested early had 4 per cent less infes-

tation than those harvested at the medium period and 9 per cent less

than those harvested late.

In the experiments with depth of planting results were even more
striking. In the plats planted 2 inches deep (many tubers were ex-

posed) the vines were dead, and the percentage of infestation of the

tubers varied from 98 to 100. From this the percentage of infestation

became steadily less, as the depth of planting was increased, until at

a depth of 6 inches a minimum was reached, several plats giving

entirely clean potatoes and the average of infestation being low. In

the plats where deeper planting was used, the potatoes seemed to grow
as near the surface as where 5 to 6 inches planting depth was used,

and consequently there was no difference in freedom from the moth.

Results from the experiments as to time of planting varied so

greatly that it was evident several other factors have more to do

with determining infestation than the time of planting. The same
might be said of the variety test, except that the tubers of varieties

where the vine stayed green the longest suffered least from the

moth.
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On an average the results show the value of the recommendations

given for fighting the tuber moth by culture.

These may be stated as follows:

(1) Plant as deep as practicable (5 to 6 inches).

(2) Use ridge culture, i. e., ridge the rows (fig. 45).

(3) Harvest as early as possible.

(4) Harvest before the potato tops become so dry as to drive the

partially grown, larvae to descend and work on the tuber.

In harvesting the tubers, several rules must be followed to keep

the tubers from infestation

:

(1) The sacks should Tievgr be covered with potato tops, as the

larvae leave these when they wilt, and enter the potatoes.

Fig. 45.—Potato field showing careful hilling. Walker, Cal. (Original.)

(2) The sacks should be sewed as soon as possible and hauled

from the field.

(3) Potatoes should never be left in the field or exposed to the

moth over night.

(4) All cull potatoes should be gathered up within two weeks and

either fed to stock at once or destroyed. If left in the field they are

a menace to the neighbors, and to the grower himself, for the follow-

ing crop.

After the j)oluloos arc harvested tliey should be marketed at once,

unless the grower has storage facilities and is willing to take the

trouble; to treat the j)()tato(!S.

\Vliil(! t hen; are g(jod reasons Cor (h'stroyiiig th(; potato vines yet

tiiere appear to be even het ter reasons I'of not(h)ingso. Destr'oying

the potato vin(-s kills all stages of the lulx'r- niotii within, but. it also
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kills the parasites. The tuber moth is more apt to pupate imder

clods and rubbish in the field than are any of the parasites, hepce

the destruction of potato tops would be a more serious check to

the parasites than to the tuber moth. It seems that if growers

destroy waste tubers and keep the rest protected so that the tuber

moth must breed on potato tops, the parasites will keep the tuber

moth from becoming dangerously abundant.

DIRECT CONTROL METHODS.

Experiments were made to determine a cheap practical method of

treating tubers mfested with the tuber moth. As the tuber takes up
odors and flavors readily, and retains them for indefinite periods,

only a few methods were tried.

The only promising unobjectionable applications tested were for-

malin dilutions and water used as dips, and carbon disulphid and

hydrocyanic-acid gas as fumigants. Of these four, the only one which

was at all successful was carbon disulphid.

Carbon disulphid naturally has many advantages as a fumigant

for potatoes. It does not injure the tubers, it can be applied for

long periods and thus penetrate thoroughly, and finally, it is heavier

than air and if liberated at the top will go entirely through a pile to

the floor. Various dosages and periods were used for fumigation,

but it was early apparent that for all-around results the material

should be used at the rate of 2 pounds to 1,000 cubic feet, and fumi-

gation should last 48 hours. At this strength the larvae and adults,

and practically all the pupae and eggs, wiU be killed, and the long

exposure to the vapor insures thorough penetration.

If potatoes are to be stored they should be fumigated promptly.

Cheap gas-tight bins may be made by lining temporary structures

with tarred paper and painting the seams. If the tubers are notice-

ably infested the fumigation should be repeated in a week in smnmer,

or in two weeks in winter. Careful watch should be kept, and if the

tuber moth is still workmg, another fumigation should be given.

In fumigating with carbon disulphid the Hquid should be placed

on top of the sacks in shallow tin pans, and care should be taken not

to expose the gas to fire, as it is explosive when mixed with air and
ignited.

OTHER REMEDIES.

TRAPPING THE ADULTS.

As the adult is attracted to light, some authors recommend trap-

ping with lanterns. This remedy is of questionable value, as not

aU the adults could be trapped, and there is much doubt as to whether

the numbers could be sufficiently reduced to make a difference at

harvest time. In this connection it must be remembered that it is the

multiplication of the insect in storage that causes practically aU the

loss.
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QUARANTINE.

Quarantine as a method of keeping out the tuber moth has

attracted considerable attention" in the Western States in recent

years. A quarantine of one district against another when the

tuber moth is estabhshed in both places is of little value, as the

numbers of this insect in any one year are not influenced as greatly

by its numbers the preceding year, or by any that might be introduced,

as by food and chmatic conditions. The great interstate shipment of

potatoes throughout the West proves that the potato question is a

factor which affects many of the people living in those States, and

a hasty or ill-advised quarantine might cause losses which would

more than offset any advantages to be gained from it.

In conclusion it should be said that while the tuber moth is always

a menace in warmer climates, it is by no means a fatal potato pest,

and its damage, if not totally ehminated, can at least be minimized

by rational farming methods and a knowledge of the habits of the

insect. For this reason whenever there has been an outbreak of the

moth in a new district the conditions ^ in this district should be studied

and means devised to prevent a recurrence of injury.

SUMMARY.

(1) The tuber moth injures the potato by destroying the leaf

surface and tunneling in the substance of the tuber.

(2) Its life history is variable, but in southern California all the

stages exist at aU times of the year.

(8) Tlie numbers of the insect should be reduced by practicing

good farming and leaving no tubers exposed for the insect to work on.

(4) Potatoes should be harvested and marketed as rapidly as possi-

ble, unless the grower has facilities for storage and is prepared to

treat the potatoes if necessary.

(0) Once the tubers become infested the best way of ending the

damage is to fumigate with carbon bisulphid, using 2 pounds to 1,000

cubic feet of air space (measured before storing the tubers) and allow-

ing 48 hours for fumigation.

(6) Clean or unuifcsted potatoes should be kept away from the

moth.

(1) Potatoes should never be left in the ground after they are

ripe and where the soil is dry.

(8) When tubers are infested and facilities are lacking for storing

in bins, the progress of infestation can be checked by holding the

])otuloes in cold storage;. TIk; temperature shoidd ho, about 'M° to

40^ V. This should Ix; adopted only as a temf)orary method in

keeping potiilo(;s from (h'terioraf ing in vahie wliile th(\y ai'(; being held

ff)r a rise in price.

> This refers especially to various methods of storing potatoes.
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INTRODUCTION.

Eight years have elapsed since Medicago falcata L. was brought to

this country with the serious view of utilizing it as a cultivated for-

age crop.' During this period much attention has been directed to-

1 From 1910 to 1913, incluBlve, InvcBtlgatlonH were conducted with Medicago falcata

at Brookings, Illghmore, and otbor polntH In South Dakota in ooopcration with the South

Dakota .\Krlcu)lural Experiment Station.

The wrlterH wish to acknowledge their Indehtednc'SK to Mr. H. L. Westovt-r for valuable

aHHiHtance rendered In trauKlatlng hotanlca) dcscrlptionH and In reviewing lltenitnre and

to Mth. Katherlne H. Bort for aHnlstiince In eonneetloii with the literature consulted in the

preparation of the Kubject matter.

XOTE.—ThiH bulletin Ih Intended primarily for thowe who an' InteroRted lu all'ulfa

breeding.
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ward the species in various ways and an interest manifested in it that

is quite as widespread as that in any other plant immigrant of recent

times. The fact that it is classed as a variety of alfalfa would alone

have been sufficient advertisement, but to be described as a hardy and
drought-resistant strain obtained for it at once almost universal

recognition. Eight years would appear to be a sufficient period of

time in which to determine to a reasonable degree the agricultural

merits of any new crop, but in the case of Medicago falcata more time

will be required before the true status of this species can be ascer-

tained and its value accurately estimated.

It is true that many of the investigators who have worked with it,

or rather with a few forms of it, have long since condemned it as

being of little value. On the other hand, a few have seen in it the

solution of the whole problem of a hardy and drought-resistant

alfalfa. Both of these views are undoubtedly extreme, the first being

based on scanty information or a study of insufficient material; the

second, somewhat at least on sentiment. Those who have worked

carefully and open-mindedly with all the available forms of the

species are convinced that certain forms have much potential value

if properly utilized.

One of the purposes of this bulletin is to correct many of the

extreme and erroneous opinions that have obtained regarding Medi-

cago fcdcata by setting forth in as fair and unbiased a manner as

possible what are believed to be reliable data for the aid of plant

breeders and others who are interested in the species.

INTRODUCTION OF MEDICAGO FALCATA INTO THE UNITED
STATES.

The first importation of Medicago falcata to the United States of

which there is a record was made by the Department of Agi'iculture

in 1897, through the instrumentality of Prof. N. E. Hansen, who was
commissioned by the Secretary of Agriculture to visit Europe and
Asia for the purpose of procuring promising plants new to the agri-

culture of this country. Accidental importations of seed were made
at an earlier date, as indicated by specimens of fully developed plants

found in the United States National Herbarium, collected in Dela-

ware by A. Commons in 1896. The collector's notes merely state

that the plants were found growing in waste places. Such acci-

dental introductions as may have occurred failed to produce any con-

siderable number of plants in this country, since the species even now
is not .common in any locality.

Since 1897 the Department of Agriculture has conducted a sys-

tematic search for the numerous forms of Medicago falcata. This
has been inspired partially by the belief that the species of itself
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possesses promise as a forage crop in the colder and drier portions

of the country and partially because of the recognized part which

it has played in the development of the most hardy and drought-

resistant commercial strains of alfalfa and the promise it presents

from a plant-breeding standpoint. In connection with this systematic

search, Prof. Hansen made two trips to Europe and Asia for the

express purpose of collecting seed of the numerous forms of the

species. The first trip was made in 1906 and the second in 1908.

Mr. Frank N. Meyer, the department's regular agricultural ex-

plorer, has also devoted much attention to procuring seed of the

various forms of the species, especially from localities in Asia. The
efforts of both explorers were directed by the Office of Foreign Seed

and Plant Introduction of the Bureauof Plant Industry. Through
its contacts with various collectors and investigators that office has,

in addition, succeeded in obtaining a large number of forms from
many parts of the Old World where the species is indigenous, so

that the collection now in the possession of the department is prob-

,
ably more nearly complete than any that has previously been brought

together. Furthermore, it probably represents nearly all of the

striking forms at present in existence.

As in the case of many other wild plants, difficulty attended the

procuring of seed, so that only small quantities of most of the forms

were obtained. In a few cases, however, collectors offered to supply

it at a comparatively low price, approximately $1 per pound.

Each lot of seed procured by the Department of Agriculture was

assigned a regular accession number, which serves the purpose of

identification. Below is a list of these numbers, together with brief

notes taken from the published inventories of the Office of Seed and

Plant Introduction.

842. 50 miles east of Rovnaya, Russia.

9748. Madrid, Spain. P'rom Botjinic Gardens,

19534. \'aiuii<i, Samara Government, Russia.

20717. Kiiarkof Province. Russia. From wild plants.

20718 and 20719. Omsk, Siberia. From wild plants.

20720. Irkutsk, Siberia. From hay in market.

20721. Samara Province, Russia. From wild plants.

20722. Saratof Province, Russia. From wild plants.

20724. Tomsk, Siberia. From wild plants.

20725. Don Province, Russia. From wild pliints.

20720. Samara Province, Russia. F'rom wild plfints.

2802.5. Orenburg, Russia.

24452. Obb, Tomsk Province, Siberia. From wihl plants.

24453. Omsk, Akmolinsk Province, Sibcriii. From \vil<l jilants.

24454. North of Irkutsk, Siberia. From wild plants.

244.55. Ten miles north of Semipalatlnsk, Siberia, From wild plants.

24450. Station Charonte, Siberia. From wild plants.
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26927. Kashmir, India. From plants grown under irrigation.

28041. Between Dusliet and Passanura, Caucasus, Russia. From wild plants.

28070. Semipalatinsk region, Siberia. From wild plants.

28071. Orenburg region, Russia. P'rom wild plants.

28918. Christiania, Norway. From Botanic Garden.
28940 and 28941. Copenhagen, Denmark. From Botanic Garden.
29139. Lahul, India.

29913. Jerusalem, Palestine.

30027. Svalof, Sweden. From wild plants as found in Sweden.
30200. Lower Austria. From wild plants.

30433. Leh, India.

30436. Kargili India.

30955. Valley of the Chong Djighilan, Tien Shan Range, Chinese Turkestan.
From wild plants.

31005. Petrograd, Russia. Botanic Gardens.

31303. Valley of the Chong Djighilan, Tien Shan Range, Chinese Turkestan.
From wild plants.

31649. Iskardo, India.

31956. Nice, France.

32178. Ust-Kamenogorsk, Siberia. From wild plants.

32179. Along River Tom, near Tomsk, Siberia. From wild plants.

32180. Kuznetsk district, east of Barnaul, Siberia. From wild plants.

32389. From western Siberia.

32409. Near Sarepta, Russia. From wild plants.

32411. Near Saratof, Russia. From wild plants. *

32412. Krassuy Koot, Samara Government, Russia. From wild plants.

33465. Semipalatinsk, Siberia.

34116. Vicinity of Semipalatinsk, Siberia. From wild plants.

35311.- Novospassko, Russia. From wild plants.

35312. Omsk district, Siberia. From wild plants.

The above list of introductions would indicate that the efforts of

the Department of Agriculture were not confined to obtaining seed

from a particular locality or region. Nevertheless, since the project

was inaugurated mainly to aid in the solution of the hardy and

drought-resistant alfalfa problems, special attention was focused

on parts of Eussia and Siberia having climatic conditions compara-

ble with the colder and drier portions of the North and Northwest.

Although many plants, especially perennials, are found growing

under a wide range of climatic conditions, it is nevertheless of in-

terest in the case of the introduction of Medicago falcata to compare

certain features of the climate of points in Eussia and Siberia, where

the species is found growing naturally in some abundance, with

points in the northern and northwestern parts of the United States.

Table I indicates the seasonal and normal ajinual precipitation and

the maximum, minimum, and mean annual temperatures for points

in Eussia and Siberia and in certain Northwestern States.
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Table I.

—

Seasonal and normal annual precipitation and maximum, minimum,
and mean annual temperatures of points in Russia and Siberia and in some
of the Northicestern States.

Precipitation (inches). Temperature (°r.)

Locality.

Winter. Spring.
Sum-
mer.

Au-
tumn. Annual.

Maxi-
mum.

Mini-
mum.

Nor-
mal

annual.

Russia and Siberia:
Charonte 1

lto2
3 to 4

1

1

3 to 4
1

3 to 4
3 to 4

1

1.79
1.64
1.65

1.24
1.39
1.66
1.88
1.52

1.40
1.57
1.36
.90

1.74
1.34

lto2
2 to 3
4 to 6
lto2
2 to 3

3 to 4
lto2
3 to 4
3 to 4
lto2

3.58
5.57
4.82

4.12
4.70
5.42
5.66
5.24

5.44
6.56
6.26
5.03

6.85
6.08

8 to 12
6 to 8

6 to 8

8 to 12
6 to 8

4 to 6
3 to 4

4 to 6

8 to 12
4 to 6

6.00
4.65
4.02

7.44
7.17
7.66
9.29
10.07

7.44
9.36
8.25
8.01

10.03
8.39

2 to 3
4to6
4 to 6
lto2
2 to 3
3 to 4
2to3
4 to 6

4 to 6

2 to 3

2.30
3.10
2.04

3.26
2.32
2.90
3.19
3.33

2.35
3.61
2.82
2.81

3.84
3.05

12 to 18
13tol9
19 to 28
lltol7
lltolo
13 to 18
7 to 9

14 to 20
18 to 26
8 to 12

13.67
14.96
12.53

16.06
15.58
17.64
20.02
20.16

16.63
21.10
18.69
16.75

22.46
18.86

97.5
103
97.5
103
98.5
105.5
106.5
108
95
102

108
112
113

109
110
107
106
103

110
108
106
108

106
107

-53
-51
-40
-58
-56
-43
-51
-40
-60
-84

-57
-49
-56

-47
-47
-45
-40
-44

-40
-43
-40
-45

-38
-35

32
Irkutsk .

.

32
Kharkof 42
Lake Baikal region 32
Omsk 32
Orenburg 39
Semipalatinsk 39
Saratof 42
Tomsk 32
Yakutsk 14

Montana:
Havre 41.9
Billings 47.2
Glasgow 40.2

North Dakota:
Minot 38.8
Dickinson 40.4
Bismarck 40.0
Jamestown... . 39.9
Devils Lake 36.4

South Dakota:
Pierre 45.6
Huron 42.1
Rapid City 45.2
Highmore. 44.7

Nebraska:
Valentine 46.3

48.2

NATURAL DISTRIBUTION.

In both Europe and Asia Medicago falcatci has a very wide distri-

bution, as the previous list and accompanying map would indicate.

(Fig. 1.) The data from which this map was prepared were ob-

tained from various published floras of Europe and Asia and from

correspondents and explorers of the Department of Agriculture.

The points where the species has been reported in literature as being

found growing wild are designated, as well as those localities from

which seed has been collected from plants growing without cultiva-

tion and sent to this country. To what extent the distribution of

Medicago falcata is strictly a natural one can be estimated only

broadly. However, the chances are very much in favor of the species

being truly indigenous over a large portion of its present range, wdth

the possible exception of western Europe, since its dissemination

through the agency of man has been very largely incidental.

Outlining the disti-ibution of Medicago falcata by means of the

data that are available, it is found to occur in moist western England,

in Norway to the sixtieth par-iillcl of latitude, and generally through-

out Sweden. Tt is common in rentral and southern T^ussia and in

Austria, France, Spain, and oth(!i- Medit(^rranean countries. In

Siberia its i-ange extenrls north at least to the sixty-tliird degree of



6 BULLETIlSr 428, U. S. DEPARTMENT OP AGRICULTURE.

latitude in the mountain regions of Vilyuisk and Yakutsk. Han-

sen (M, p. 10, 14) ^ is of the opinion that its northeastern limit is be-

1 The numbers in italic type refer to " Literature cited," pp. 67-70.
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tween Verkhoyansk and Yakutsk and that Lake Baikal may be con-

sidered its eastern limit with the exception of the locality around

Verkhneudinsk, more than 100 miles east of Lake Baikal and

Charonte. The range of the species in eastern Asia extends south-

ward to Peking and westward folloAving the northern edge of the

great Mongolian Desert, including the region south of the Trans-

baikal Mountains and across the Himalayas into northern and west-

ern India. Continuing westward, it extends through Turkestan,

Persia, Syria, Palestine, and European Turkey. So far as has been

reported, the species is not indigenous along the Mediterranean

region in northern Africa.

There are no localities in which Medicago falcata is especially

abundant throughout the wide region over which it occurs. Accord-

ing to Meyer and others, the section of Siberia in which it is most

abundant is that lying to the north of Semipalatinsk. Hansen re-

ports it to be very conmion in the Provinces of Tomsk and Akmo-
linsk in western Siberia ; likewise in the country adjacent to the Irtish

River and in the district immediately to the east of Lake Baikal.

According to Dr. N. H. Nilsson,^ of the Experiment Station, Svalof

,

Sweden, it is found in considerable abundance on dry, sandy soils

in many parts of Sweden.

CLIMATIC AND SOIL REQUIREMENTS.

Medicago falcata occurs naturally under a great variety of soil and

climatic conditions. It is found in moist as well as in dry climates

and on soils ranging in character from stiff, heavy clay to almost

pure sand. That its requirements with regard to both factors are

similar to those of Medicago sativa is clearly shown in the nature of

its distribution. However, it seems to have a greater range of gen-

eral adaptability than Medicago sativa and is also less exacting in

both its soil and climatic requirements.

It is on the dry steppes of Russia and Siberia that the species at-

tains its greatest importance, and over- a large portion of that general

region it is a fairly common constituent of the native vegetation.

The area in which it is most plentiful under humid climatic condi-

tions is in Norway and Sweden on sandy soils, the calcareous nature

of which doubtless has much to do with its abundance.

With regard to altitude, the species has an unusiuil range from

below sea level in Palestine to 18,000 feet elevation in Afghanistan,

according to J. G. Baker (4). Meyer found forms of it growing at

an altitu(](.' of over 4.000 feet between Dushet and Passanui'a, Cau-

casus, Russia, and at 1^,700 feet in tlie Valley of tlie (^hong Djighilan,

Tien Sliaii Range, Chinese Turkestan. Booth Tucker ' reports it as

occurring in India in the Laliid Valley at an elevation of between

1 In letter on flk' In tlif t'nitfd StiitfH Ixpiirfmcnt of Agriculture.
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10,000 and 11,000 feet, in a region surrounded by glaciers and cov-

ered with snow during the winter months.

With regard to temperature, there are few perennial species that

are found growing naturally under the extremes of heat and cold

that occur throughout the natural range of Medicago falcata. In

parts of India and southwest Asia it is subjected to extremely high

summer temperatures, but is exposed to only a moderate winter

climate. In the vicinity of Yakutsk, Siberia, it meets with hot, dry

summers and temperatures as low as — 84° F. during the winter. Be-

tween these extremes it is found growing naturally under equable

climatic conditions in parts of western Europe, notably in Spain

and France and in the Scandinavian Peninsula.

Growing as it does under such a great variety of conditions—

m

many cases remote from the influence of agriculture or commerce—it

is not surprising that the species has developed many forms and that

it exhibits a tendency toward the production of types peculiar to the

various natural geographic regions. That such is the case is strongly

indicated by the many introductions made by the Department of

Agriculture from numerous localities. However, it will require care-

ful and extensive investigations to determine to what extent in this

species plant type is correlated with natural conditions. The mate-

rial which the department has succeeded in obtaining shows rather

clearly that the forms from the high steppe regions of Russia and

Siberia are in general quite different from those commonly found in

northern India and from at least some of the forms found in south-

ern Russia.

From the vicinity of Irkutsk, Siberia, the department has obtained

a distinct form, apparently peculiar to that region, which is character-

ized by its broad crown and very fine decumbent stems. This region,

it will be noted, has a normal annual precipitation of 13 to 19 inches,

fairly well distributed throughout the year. The extremely broad-

crowned decumbent forms have been procured only from southern

Russia in the general region represented by the Provinces of the Don
Cossacks and Kharkof. The forms commonly found in India ap-

proach sweet clover {Melilotus alba) -in general appearance, espe-

cially in color and texture of foliage, and are quite distinct from

those of the high steppes of Russia and Siberia. So far as the ma-

terial in the possession of the department indicates, the closest re-

semblance to the forms from India is found in certain forms pro-

cured from southern Austria and said to be native to that region.

.

BOTANICAL HISTORY.

The accounts of Medicago falcata appearing in old literature are

chiefly botanical, and in most cases very brief. However, they are

sufficiently clear to indicate that the species was well known, at least
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to collectors, early in the history of modern botany. The reference

cited by Kaspar Bauhin (8) and by subsequent botanists as the

earliest mention of the species is made by Bock (10), who desig-

nates his plant as Melilotus majoris species tertia and describes it in

such a way as to leave a reasonable doubt as to whether it is really

Medicago falcata or some other species, possiblj'^ Medicago arhorea

L. In 1561 Gesner {21^) published a brief description of it under
the name Trifolii genus medica similis, mentioning the fact that it

has yellow flowers and only slightly coiled pods. This reference

may. with a reasonable degree of certainty, be regarded as the first

positive mention of Medicago falcata in literature, since the identity

of Bock's plant is somewhat in doubt. It is true that Kaspar Bauhin

(8) cited Trifolii genus medica similis as a synonym of both Medi-

cago falcata and Medicago lupulina L., but Gesner's description pre-

cludes the possibility of his having the latter species in mind.

By far the best of the early descriptions of Medicago falcata is

furnished by Clusius {3S)^ appearing in 1583. The name Medica

luteo fore, which he applied, is, in a true sense, a descriptive one,

and the description accompanying it treats in considerable detail of

the diagnostic characters of the species. Furthermore, a good illus-

tration of the plant, apparently the first one ever published, appears

with the description (fig. 2).

Tabernsemontanus {58) describes and figures Medicago falcata

as Lens major repens. The description is not convincing, but the

figure leaves no doubt as to the identity of the plant. The generic

name " Lens " was applied by Tabernsemontanus to various species of

,

Leguminosse without regard to their relationship.

The name finally chosen by Kaspar Bauhin for the species was

Trifolium sylvestre luteum siliqua comuta or Medica frutescens.

This designation was published in 1623 {8).

It was about the time of Johann and Kaspar Bauhin, when the

species became the subject of more general study and discussion,

that mention of forms that are now known to have been hybrids

begun to appear in such a manner as to confuse the nomenclature

somewhat. It is evident from their writings on Medicago falcata

that both of the Baiiliins fell into errors through their failure to

recognize the hybrid nature of the plants which they described.

The name falcata was first used in connection with Medicago fal-

cata by Riviniis in 1600 (W). ITe used it in a generic sense, divid-

ing what was formerly known as Medica into two groups (Falcata

and Cwhleata), the distinguishing characters being the degree of

twist or coil of the pod. Medicago falcata fell in the fn-st division

and was designated simply as Falcata. Together with the name,

Rivinus published an excellent illustration, which is the first unmis-

takable figure of a Medicago sativa X falcata hybrid. Rivinus's
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name falcata in reality applied to the hybrid forms most closely

resembling Medicago falcata.

In 1694 Tournefort (5P), following in a general way the classifica-

tion of Rivinus for the Medica group, took up the old generic name

Medicafloreluteo. 759
Medica for the plants

with screw-shaped

pods and coined a

new one, Medicago,

for those having pods

shaped like a collar.

Both Medicago
sativa and Medicago

falcata were included

by him under Med-
ica, the former as

Medica Tnajor erec-

tior florihus purpu-

rascentihus and the

latter as Medica syl-

vestre. It is appar-

ent that he intended

Medicago radiata L.

to illustrate the type

of his genus Medi-

cago. From his clas-

sification it is quite

evident that the dis-

tinguishing character

which Tournefort

had uppermost in his

mind was the shape

of the pod. He was

not consistent, there-

fore, in placing Med-
icago falcata in the

genus Medica, since

the true form of it

does not have the

spiral or screw-

shaped pod which
characterizes his genus. Possibly his knowledge of Medicago falcata

was confined to the hybrid forms having loosely coiled pods, in which

case his arrangement is partially justified.

In 1700 Tournefort {60) simplified the description of his genera

somewhat and added varieties of his Medica major erectior (Medi-

FiG. 2.—Probably the first figure of Medicago falcata ever

published. Copied from Clusius, Historia, 1583 edition,

where it first appeared.
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cago sativa) and also varieties of Medica sylvestrls {Medicago fal-

cata). His varietal classification is based on the color of the flowers,

and was doubtless developed from Kaspar Bauhin's description (<§).

It is essentially the same for both species. Tournefort must be given

credit for the first attempt at a classification of the varieties of

Medicago falcata,, ^vhatever its value may be, and also for the first

botanical usage of the word which was finally to become its generic

name.

It was Yaillant {63) who placed Medicago falcata in the genus

Medicago of Tournefort, but it remained for Linnaeus to enlarge

and define the genus and to assign the name Medicago falcata to the

species. This he did in 1753 (^6^). A copy of Linnseus's original de-

scription of Medicago falcata follows; likewise an elaborated out-

line of the references derived from those accompanying it.

Original description of Medicago falcata.

falcata. 6. Medicago peduuculis racemosis, leguminibus luuatis, caule prostrato.

Fl. suec. 620. Dalib. paris. 229.

Trifolium sylvestre luteum, siliqua cornuta. Bauh. pin. 330.

Medica flavo flore. Clus. hist. 2, p. 243. Habitat in Europae pratis

apricis, siccis. 4.

Elaborated Outline of Citations.

[The numbers in italic type refer to " Literature cited," pp. 67-70.]

Riv. tetr.a (50).

Dill. giss. 148 (_19) . .

.

Hort.ClifiE.p.377 6(3S)-..

Fl. suec. 620 6 (J^;..<

rJaIil<.iJari.s.22'J(/;').

Bauh. pin. :}.''/)'' (^^.

Clii.s. hL)t.2,p. z-ia.a

{
Riv. Irr, T.o (SOj.

. i J. B. 2. 383 b (6).(6).

C. B. 330 b (S).

DiU. gen. 130 (20)

Bauh. hist. 2. p. 383 b (6).

Toumef. inst. 410 6 (60).

Clus. hist. 2. p. 243 0(3.4).

Moris, hist. 2. p. 157 s. 2. t.

16f.l. &s. 2.t.l5f.l. (.J^).

Bauh. pin. p. 330 b (S).

Bauh.hist.2.p.3836(6).{Tab-^(^^).^,(,)_

:•{
Tounief.lnst.410(>(60)

rhi.s.hist.2. p. 243o(.?4).

,
Bauh. pin. 330 b («).

0. suec. 620 b (.%'J).

hort. clilT. 377 b (,JS).

n. leyd. prodr. 381 (,S2)..

J. B. 2. .383 b (6).

C. B. Pin. 330 b (8).

Clus. hist. CCXLHI a (34).

I D. Rivinus. a (50).
•\ Tournefort i>(eO).

I J. B. Chabr.ft (/5).

\ Clus. Hist.o (34).

ITrago
pag. 591, libr. 2.

cap. 3, sineicone a (lO),

Clus. histor. Pann. pag.
759,libr.4,cap.33a(S3).

hot. par. («.J)

Bauh. hi.st. 2. .383 b («).

Tournefort—?

Trag.«(/C/).
flfts." OH).
(his, jKin. &. hist." (.?.?).

Tal>.o (r,H).

Linn. h. ClifT. 377 b (SS).

Riv. tetrap. 84 « (60).

Dill. giss. lWb(t!)).
Dill. gen. 130 b (W).

/ J. B. 2. .W3 '' (6'V

\ Tournefort (indirectly).

» No further cltatlotu. b Elaborated as Indicated elsewhere in tbis outline.
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Beginning with the four citations given by Linnaeus, the outline

indicates the exact manner in which citations are made by various

authors, using the abbreviations just as they are found. In many
cases the same work is referred to in different ways, which is confus-

ing unless care is exercised in interpreting the abbreviations. A few

words of explanation regarding the outline may make it more easily

understood.

Linnseus's first citation, it will be noted, is " Fl. suec. 620." In

this work are found five citations, the first being " Hort. Cliff, p. 377,"

which in turn cites eight works, four of which were previously

cited in " Fl. suec," and the first one of which, " Riv. tetr.," makes

no further citation, as indicated by the footnote. The others that

are not previously cited are further elaborated until works are

reached in which no further citations are made. Those that are

previously cited are elaborated where they first appear, as, for in-

stance, " Bauh. hist. 2. p. 383," where it appears as a citation of the

" Fl. suec." instead of as a citation of " Dill, giss." The outline indi-

cates all the references to Medicdgo falcata that can be traced from
LinnaBus {JfO) as a starting point.

An examination of the botanical descriptions contained in the

works listed in the outline shows very clearly that, while many of

the citations refer to true forms of Medicago falcata^ others refer to

hybrid plants and a few confuse Medicago falcata and Medicago

sativa. Following is a classification of the citations, with regard to

the plants to which they refer.

Citations that refer to apparently true forms of Medicago falcata.

Linnaeus (39)/Clusius {33, 34), Gesner (24), Tabernsemontanus (58), Kaspar

Bauhin (7), Johann Bauhin (6), Dillenius (20).

Citations that refer to ichat are apparently hydrids Jyetween Medicago sativa

and M. falcata.

Kaspar Bauhin (8), Tournefort (60), Rivinus (50), Morison (U), Chabre

(15).

Citations that contain only descriptions copied from other authors.

Dalibard (17), Royen (52), Vaillant (63), Dillenius (19).

Citation in which Medicago falcata and M. sativa are apparently confused.

Linnseus (38).

1 The numbers in italic type refer to " Literature cited," pp. 67-70.
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BOTANICAL DESCRIPTION AND RELATIONSHIP.

BOTANICAL DESCRIPTION.

The description of Medicago falcata given by Linnseus in 1753

(4^), when the binomial was first published, merely indicates that

the peduncles are racemosely arranged, that the pods are crescent

shaped, and that the stems are prostrate in habit of growth. This,

as a matter of fact, can scarcely be considered as a description, since

it is in reality only a part of an analytical key to certain species of

the genus Medicago. Various descriptions, however, have appeared

since that of Linnaeus. A fairly good one was published by Lamarck
in 1789 {31) and another by Martyn in 1792 {1^3).

The difficulty of preparing a satisfactory description becomes at

once apparent upon consideration of the numerous forms of the

species. ]\lany of the early ones are confusing because their authors

failed to recognize the existence of hybrids among the forms which

they attempted to describe, and all of them are imperfect, since in

no place was a complete collection of the forms of the species avail-

able. Even at this time, with the work of others from which to

draw and with the abundant material at hand, it is far from easy

to prepare a description that will present a comprehensive view of

the species. The diversity of Medicago falcata inspires the investi-

gator at once with the desire to attempt a classification that will fit

all existing forms. However, it requires only a little investigation

to convince one of the hopelessness of such a task.

In the main there are two difficulties in the way of developing a

satisfactory scheme of classification—the lack of consistency in the

combinations of characters and the practical impossibility of deter-

mining from one generation of plants whether a form is of pure or

hybrid origin. There is, however, a certain correlation of characters

which permits a general grouping, although intergrading forms are

so c(jmmon that it frequently is difficult to differentiate the mass even

into broad groups.

To serve as a basis for further discussion of botanical characters

it seems advisable, first, to present some rather detailed data, includ-

ing observations and carefid measurements made in connection with

the study of a large number of plants secured from many sources,

the.se constituting a composite description of the species. Following

these data an attempt is made to correlate certain characters and to

define the principal groups and describe them in the abstract. It is

hoped that this method of treatment, together with illustr-ations

reprcxiiiced fi-om jjhotcjgraplis, will convey a I'casonably clear idea

of the appearance of the striking forms of Medicago falcata.
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COMPOSITE DETAILED DESCRIPTION.

The flowers of the numerous forms of the species vary consider-

ably in color, size, and shape of banner, length of calyx teeth, and

slightly in length of calyx tubes. There is also a variation in the

length of pedicels, the number and compactness of the racemes, the

number of flowers in the raceme, and the date of blooming. In

color the flowers range from a light yellow to a deep chrome yellow,

the pale yellow color being the most prevalent in the individuals that

more nearly approach Medicago sativa in general appearance.

On the steppes of northern Eussia and Siberia occur forms that

have variegated flowers. These forms are found apparently remote

from forms of Medicago sativa and so closely associated with forms

of Medicago falcata, having pure yellow flowers that Prof. Dilit-

winoff,^ of the Academy of Sciences, Petrograd, is of the opinion

that they are true forms of the latter. Meyer, however, who has

studied them in their native habitat, believes them to be hybrids of

Medicago sativa and Medicago falcata^ and a study of the progeny

of these plants grown from the seed collected by the department's

explorers indicates quite definitely that Meyer's opinion is well

founded. The progeny exhibits a diversity of forms, some of which

closely resemble Medicago sativa, while others present the appear-

ance of true Medicago falcata. But regardless of this, the wild

variegated forms are regarded with interest in connection with the

study of the origin of the cultivated alfalfas and the botanical

relationship existing between the above species.

Flowers.—The individual flowers of Medicago falcata are smaller

than those of Medicago sativa. The lines which mark the banners

are shorter in the former than in the latter and are light to dark

brown, varying directly with the color of the flower. A large num-
ber of careful measurements show that the banners vary from 6.25

to 12 mm. in length and from 2.20 to 8 mm. in width. The ratio of

length to width of the banner also varies, ranging from approxi-

mately 1.2 to 1 to 3 to 1. The calyx averages about 1.T5 mm. in length

and varies from approximately 1.3 to 2.6 mm. There is a greater

variation, however, in the length of the calyx teeth, the range being

from 1.25 to 3.75 mm. The pedicels are from 1.25 to 3.75 mm. in

length.

There appears to be little uniformity in the number of flowers in

the raceme. In some cases as few as five are found, while in others as

many as 36 may be present. Eacemes with the largest number of

flowers have been noted to be compact and of medium size. The

very fine leaved plants and the plants with long procumbent stems

have small racemes, with comparatively few flowers. Likewise, the

1 In letter on file in the United States Department of Agriculture.
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very large ascending plants with long, erect stems, as well as the

broad-crowned forms, have few flowers to the raceme. The upright

bushy plants with stiff stems and narrow greenish gray leaves have, in

general, the largest racemes. A great abundance of flowers does not

appear to be characteristic of any special form of the species. The
compactness of the raceme is dependent to a large extent on the

length of the pedicel, the size of flower, and the arrangement on the

axis. Compact racemes are usually small, and the flowers are ar-

ranged at more regular intervals than they are in the loose racemes.

The flowers of Medicago falcata usually come into bloom earlier

than those of Medicago sativa. However, the broad-crowned pro-

cumbent to decumbent plants of the former are especially late in

blooming. The flowering period is much longer than in the case of

Medicago sativa, frequently extending from May to October in South

Dakota.

Pods.—The pods vary greatly in proportion of width to length

and range in shape from almost straight to semicircular or more

Fig. 3.—^The common types of pods of Medicago falcata.

nearly coiled, even in what appear to be pure strains of the species.

The average pod is crescent or sickle shaped, reticiilate veined,

without glandular hairs, but in some cases slightly pubescent. When
mature they are light brown to almost black in color. (Fig. 3.)

On pod characters it is possible to distinguish two fairly distinct

types or plants. Type 1.—Pods short, broad in comparison to length,

of medium tliickness, nearly straight, and pointed. Pods of this

type are light brown to dark brown in color, dehisce readily upon
approaching maturity, and on the average contain one less seed than

the average for the species. They are confined almost exclusively to

the more nearly erect stiff-stemmed types of plants and are found

al)undant]y in S. P. I. Nos. 20721 and 20722. They are well illustrated

by pods Nos. 8, 9, and 10 in the top row of figure 3, It was to plants

having pods of this general form that the varietal name stenocarpa

(Keich.) (J^f)) was apparently intended to apply. Type 2.—Pods
long, narrow in |)roportion to Iciigtli, sickle shaped to nearly coiled,

brown to ahiiost bl;irj< in color. The general tyi)e is illustrated by



16 BULLETIN" 428, tJ, S. DEPARTMENT OF AGRICULTURE.

pods Nos. 7, 8, 9, and 10 in the second row of figure 3. This is a dis-

tinct type of pod and is found most abundantly in plants having
medium broad crowns and long and decumbent to ascending stems,

as shown in figure 13. They are found in S. P. I. Nos. 20726, 26927,

and 30433. The number of seeds per pod averages approximately

one more than the average for the species. The seeds are well re-

tained, and the pods are quite plentifully produced. Plants bearing

pods of this type set seed more liberally than other forms of the

species. It must be understood that the two types of pods above

described represent the extremes and that there are many inter-

mediate forms.

Fig. 4.—Seed of Medicago sativa. (Enlarged.)

Seeds.—In general appearance the seeds closely resemble those of

Medicago sativa (fig. 4), but a careful examination shows them to be

appreciably smaller and decidedly more angular. The radicle is also

more prominent and in some seeds the hilum is very marked, while in

others it is scarcely apparent. (Fig. 5.) When examined under a

lens the seeds show a slightly roughened surface. The pitted sur-

face together with the angular shape produces a feeling of grittiness

when seeds are rubbed between the thumb and fingers. This is

especially true of seeds from certain forms of plants.

The explosive mechanism of the flower is essentially the same as

that of Medicago sativa^ with the exception that more force is re-

quired to accomplish tripping and usually less energy is expended

by the column upon becoming released. This condition, together
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Stems of Medicago falcata— 1.
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Stems of Medicago falcata— 11.
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Stems of Medicago falcata— III.
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^yith the scanty production of pollen in the case of many of the

flowers, may be responsible to some extent for the paucity with

which the seed of the species is produced.

Leaves.—The leaves vary in shape from ovate to linear-cuneate.

(PI. I.) The type and stage of growth of the plant and the posi-

tion in which the leaves are borne on the stem all influence their

size and shape. During the first few weeks of growth in the spring

they are larger and more ovate than they are later in the season.

They also appear to diminish in size and become more elongated as

the end of the stem is approached. In general, they are more elon-

gated or linear than those of Medicago sativa, although there are some

Fig. 0.—Seed oi Medicago falcata. Note the prominence of the radicle and the rough-
ness and irregularity as compared to those of Medicago sativa (fig. 4). (Enlarged.)

marked exceptions, as will be noted in the illustration. A series of

measurements indicates the range of proportion of length to width

to be from 1.8 to 1 to 16 to 1. The more ovate leaves are common
in groups of .plants represented by S. P. I. Nos. 24454 and 20725

(Pis. II, C and D, and III, A and ('), while the more linear leaves

are abundant in the group represented by S. P. I. Nos. 20718 and
24455 (Pis. II, A and /i, and IV, B and C). The large leaflets are

approximately 27 mm. long by 12 mm. wide, and the smaller ones

approximately 9 mm. long by 1.5 mm. wide. The plants having the

larger leaflets approach Medirar/o sativa in general characteristics.

The margins of (lie leaves ai'c more oi- less seri'at<'.: the npex deeply

notched, nmcronale. or in some ca.ses nearly entire. In some leaves

rymw)" I'.iiii. 42S— 17

—

w
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the midrib forms a ridge, while in others it is decidedly depressed,

being almost buried in the fleshy tissue. Prominent midribs are

usually of a brownish color and occur in elongated and frequently

quite pubescent leaves. The veins of the leaves are more nearly par-

allel than they are in Medicago sativa and are more symmetrical in

the linear than in the obovate type. The color of the leaves varies

from a greenish yellow to a dark bluish green, the quantity of pubes-

cence affecting the color to a considerable extent. An abundance of

pubescence which produces a greenish gray effect is especially notice-

able on plants that have deeply notched leaves, such as are found in

S. P. I. Nos. 20721 and 20722. Upon drying, the leaves of certain

forms develop an almost indigo-blue color.

The abundance of leaves appears to be correlated somewhat with

shape, sparseness of production being found in plants where the

narrow type of leaf is predominant. Supernumerary leaflets are

much more common than in Medicago sativa^ the number of leaflets

frequently reaching five in certain forms, while, on the other hand,

two leafllets are very common in some forms.

The petioles are far from uniform in length and the stipules vary

in shape from broadly triangular to linear, their margins varying

from deeply serrate to almost entire.

Stems.—To only a limited extent are the stem characters corre-

lated with plant type. There are some cases, however, where a cor-

relation exists with a fair degree of consistency. In the broad-

crowned forms, as found in S. P. I. Nos. 20717 and 20725, the plants

have uniformly slender stems of greatly varying length. In the

ascending forms, as found in S. P. I. Nos. 20721 and 20722, the

stems are stiff and of medium size, while in certain decumbent plants

fairly stiff trailing stems are found, some reaching 4 feet in length.

These are common in plants of S. P. I. Nos. 24452 and 24454. Long,

slender stems are abundant in broad-crowned, procumbent forms, as

found in S. P. I. No. 24454. The plants of the bushy habit com-

monly have short stems. The procumbent to decumbent plants have

twisted, irregular stems, while the stems of bushy plants are usually

more regular and more nearly straight.

The number of stems is greatest in the broad-crowned plants and

ranges in some cases from approximately 1,600 per plant in plants of

this character to 300 or less in the narrow-crowned ascending forms.

These data are based on plants 4 years old. Some of the stems are

quite pubescent, while others are smooth. They vary from numerous

shades of green to reddish brown, the color being more of a fixed

characteristic than the result of seasonal conditions. A very good

idea of the variation in the stems of Medicago falcata and also some

conception of its racemes and leaves can be gained from an examina-

tion of Plates II, III (5, C, and Z>), and IV.
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Roots.—Medicago falcata differs to a considerable degree from

Medicago sativa in having a much more branching root system. In

comparatively few cases is a single taproot developed, while the

entire absence of the taproot proper is A'ery common. In the majority

of plants, however, there is a tendency toward the development of a

much-branched taproot and a large number of small lateral roots.

Meyer reports taproots of remarkable size on wild plants growing on

the sandy banks of the Tom River, near Tomsk, Siberia. Some of

these large roots were more than 2 inches in diameter at the crown

and more than 1 inch in diameter at a depth of 14 feet ; a few of them
extended to a depth of more than 33 feet. Such a taproot develop-

Fio. -ilrdiijufjo falcata, S. I*. I. No. 28071, a 3-year-old plant grown at Highmore,
Dak. Soio the new jjlanls that have developed from true lateral roots.

ment, however, is very uncommon in the species and occurs only in

sandy or h)ose soils. A peculiar root system characterized by a

branched taproot from which horizontal lateral roots are produced

is found in some forms. Tlie hiteral roots give rise to aerial shoots,

which develop ultimately into perfect and in some cases independent

plants. (Fig. 6.) This type of proliferation has been previously

described by the writers (.f^). It does not appear to be correlated

with general habit of growth or with any imj)ortant plant characters,

although, as far as has been observed, it is not found in plants of the

very low spreading habit. It is common in S. P. I. Nos. 24455, 28070,

28071. and 23025. The fii'st two of these numbers were introduced
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from Semipalatinsk, Siberia, and the last two from Orenburg, Eussia.

Boot systems of similar character are found in Rhus glabra L., Am-
brosia psilostachya DC, Cirsium undulatum (Nutt.) Spreng., Con-
volvulus arvensis L., Ipomoea leptojjhylla Torr., and numerous other

species. The develoj)ment of proliferating roots in certain forms of

Medicago faZcata presents a rather interesting situation from a

taxonomic standpoint. So far as the writers are aware, there are no
other species having two forms, one in which this character is present

and the other in which it is absent.

The tendency to produce rooting rhizomes permits the development

of a much more extensive root sj^'stem than is ordinarily found in

Medicago sativa. It is characteristic of many of the roots of Medi-

FiG. 7.—Individual plant of Medicago falcata, S. P. I. No. 20717, typical of the forms
included in Group I.

cago falcata that they possess the ability to produce new plants if

cut off at the surface of the ground or if they become exposed acci-

dentally.

A division of the forms of Medicago falcata into groups may be

made on the basis of several characters ; for example, color, size, and

abundance of flowers, type of pod and seed habits, foliage charac-

teristics, stem types, and even root systems to a certain extent. From
a strictly botanical standpoint a classification on one or more of these

sets of characters would appear to be desirable, but the combinations

of characters in the plants are such that a logical grouping along
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these lines can not be made. In order to include in the same class

the forms that most naturally resemble each other, it seems necessary

to make the divisions along the line of plant type Avith regard to

erectness, type of crown, and general habit of growth. A classifica-

tion even on this basis has in it many inconsistencies, not only with

regard to special botanical characters, but also in the general charac-

teristics upon which it is founded. Its weaknesses from a botanical

standpoint are fully appreciated, yet it seems to be less artificial than

the other classifications that suggest themselves. It possesses the ad-

ditional advantage of being based on characters of agronomic im-

Fio. 8.—Individual plant of Medlcapo fnlcatti, S. P. I. No. 20725, as viewed from directly

above; a very proeiimbent, fine-Ktemined form, illustratins (iroup I.

portance; in fact, it is jjei'haps moi-e agioiioiiiic than botanical, and is

certainly nun-e in the nature of u convenient grouping than an outline

of actual relationships. It is hoped that a further study of the mate-

rial will result in the develo[)m('nt of a more satisfactory classification.

The system which is adopted herein provides for four gi'oups.

Certain of these are pretty clearly defined, while some differ from
others only in degree;. Each group is illustrated by a figure of an

individual plant, and for the benefit of those to whom (he (lei)art-

inent's introductions of Afed/'oof/o falcata are availal)le S. 1*. I. num-
bers ai'c cited, which inebide forms (Inil ai'e tyi)ical of the gi'oups.
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It will be noted that in certain cases numbers are referred to under

more than one group. This is explained by the fact that many of

the introductions as they were received from abroad contained sev-

eral forms of the species. The descriptions given under each group

are brief, but they are as full as the nature of the material warrants.

The types or groups are as follows

:

Gkoxjp 1.

—

Prostrate.—Plants of this group are characterized by broad to very

broad crowns, which have a tendency toward the development of barren

centers after two or three years. (In many cases 4-year-old plants have

crowns 36 inches in diameter.) The plants are of prostrate or procumbent

habit of growth and are decidedly spreading. The leaves are about aver-

age in size and shape, but in the more narrow crowned plants are inclined

to be of a darker color than the average for the species. The flowers are

of a deep yellow color and inclined to be small, late blooming, and some-

^
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Fig. 9.—Individual plant of Medicago falcata, S. P. I. No. 20725, as viewed from beneath.

The small whitish stems are rhizomes.

what scantily produced. The seed is produced scantily or only fairly

abundantly. In the extremely broad crowned plants the stems are numer-

ous (as many as 1,600 per plant in plants 4 years old), and individual

plants having fine, short stems are common. In the more narrow crowned

plants, the stems are inclined to be long and fine and less numerous than in

the very broad crowned forms (approximately 300 in plants 4 years old).

Plants representing this group are common in S. P. I. Nos. 20717, 20725,

and 24454 and are well illustrated in figures 7, 8, and 9.

Geotip 2.

—

Decumhent.—Plants of this group have medium broad crowns, which

frequently become barren at the center at the end of a few years. (Crowns

of 14 inches in diameter are common in 4-year-old plants.) Habit of

growth, decumbent to procumbent ; flower, pod, and seed characters vari-
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able ; the racemes are inclined to be compact ; stems of medium length,

inclined to be long ; leaves not especially abundant. This type of plant is

common in S. P. I. No. 24452 and is illustrated in figures 10 and 11.

Gboup 3.

—

Ascending.—Plants of this group have medium broad crowns, with

an average diameter less than those in group 2. Habit of growth, ascend-

ing. No striking characteristics are found generally in their flower or seed

habits. Stems rather coarse, inclined to be crooked, and not especially

abundant ; leaves usually not abundant. This type is found quite commonly
in S. P. I. Nos. 20718, 20719, 24455, 28070, and 28071 and is well illus-

trated in figures 12, 13, and 14.

Fi<;. 10. -Iijuj\ ]ilu;il iWaiit ui AJrdiviji/o julcata, S. P. I. No. 24452, a broiid-crowned plant
with long procunil)('nt to dfcumlx'nt stems, reijrcsonting (iroup II.

'Jkoui' 4.

—

Stiherect.—Plants of this group have medium to small crowns and
are ascending to erect in habit of growth. They are not characterized by

special flower types, but in general produce seed sparingly. The stems

are stiff and the leaves approach those of Medicago sativa in shape, but

are smaller and more abundantly jtroduceil. Tliis typ(^ of plant is found

in S. I'. I. Nos. 20718, 20710, 244r)5, 28070, and 2S(»71, but not iibundanlly.

It is well illustrated in ligun'S 15 mid 10.

There are many form.s that do not fit jierfectly into the above

jrroiips hilt fall in the /ones between the ^roiij).s, since they liave com-

Ijinations of characters that are not consistent with this classifica-

tion. However, the four groups described, if interpreted liberally,

can he tiiinle to c'ner a large m:i joiil y uf the forms of the si)eci(^s so
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far obtained. From an agronomic standpoint, groups 1 and 2 repre-

sent plants which in their pure state may be considered of value only

for pasturage on account of their procumbent tendencies, while

groups 3 and 4 are suiRciently erect to be utilized for the production

of hay. For convenience these groups may be referred to as pasture

and hay groups, respectively.

BOTANICAL KELATIONSHIP.

Considerable difference of opinion exists among botanists as to

the exact relationship which Medicago falcata bears to the group
of Medicagos commonly referred to as alfalfas. By many it is given

a specific rank coordinate with Medicago sativa. By others it is

»
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Fig. 11.—Individual plant of Medicago falcata, S. P. I. No. 20726, a medium broad

crowned plant, decumbent to ascending in habit of growth, representing Group II.

regarded as a subspecies of Medicago sativa, while some are of the

opinion that Medicago falcata is the true species and that Medicago

sativa is only a subspecies or a cultivated variety of it. Linnaeus

{38^ 39) at one time suggested the latter arrangement.

Urban {62) divides Medicago sativa into two sections, '''Macro-

car'pa'''' and '"''MicTOcaT'pa^'' and places Medicago falcata under the

former, coordinate with vulgaris, which he indicates is the common
cultivated variety of Medicago sativa.

Alefeld {1) designates common alfalfa as Medicago sativa vulgaris

and Medicago falcata as Medicago sativa falcata.

Ascherson and Graebner {2) follow essentially the classification

of Urban, but Rouy and Foucaud {51), Seringe {57), and many
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other botanists class Medicago falcata as a distinct species coordinate

with Medicago sativa.

While opinions differ as to the relationship of Medicago sativa to

Medicago falcata, the natural relationship is clearly indicated by the

frequency and fertility of the hybrids between the two. With the

exception of the forms of Medicago which Urban (62) assigns to

Medicago sativa and Medicago prostrata Jacq. {28) there are no
others so far reported that hybridize naturally with Medicago
satiwa—and but few that can be crossed artificially.^

These facts are especially significant in the Leguminosse, where
hybrids of any kind are extremely rare. A careful study of the

behavior of the hybrids of Medicago sativa and Medicago falcata

<i» •'^

Fig. 12.—Individual plant of Medicago falcata, S. P. L No. 28070, a medium broad
crowned plant of ascending habit of growth, representing Group III.

points to a common origin of the parents at no very remote date in

their evolutionary histor3^ Regardless of the somewhat contradic-

tory opinions that exi.st, Medicago falcata will be referred to through-

out this paper as a true species.

Botanical names have been assigned to what appear to be true

forms of Medicago falcata and both specific and varietal names
to foiins that ai-e appai'ently hybrids of Medicago falcata and Medi-

' II.vbfld.M of AfrrJiraf/o untlra and Mcdirafio proHtrata linve been reported l),v .\Rchcrson

nrxl Ora<'l>n<'r, l)ut th<'rr> 1h a much doHcr n'lallf)nHliIp between theHe hix-cIch tlinn Url)an's

rIaHHifleatlon would Indicate. NumcrouH tiroad croHHCH of legumeH have l)een reported,

Includlni; om- of M<<lir(iiin nativti and an aritiu.'il or bicniiiiil KpcclcH of (lie Hiinic genus, but

they are all of doubtful aullienllcity.

T)T)HW) "— 1 5 1 1 II . 4l'H— 1 7 4
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cago sativa. In the latter instance the names were applied in many
cases without knowledge of the hybrid nature of the plants. There

is very little justification for the attempts that have been made to

describe and name forms of true Medicago falcata^ since the char-

acteristics of these forms to which names have been applied are

neither definite nor consistently correlated, with other important

characters. There would appear to be no justification for the at-

tempts to name and describe unstable hybrids. Tournefort {60) was
the first to do this, but he was not aware that the forms with which

he dealt were hybrids. More recent botanists likewise have ap-

parently failed to appreciate this fact with regard to material com-

FiG. 13.—Individual plant of Medicago falcata, S. P. I. No. 24455, a medium broad
crowned plant of ascending habit of growth, representing Group III.

ing under their observation, as otherwise they doubtless would have

refrained from describing hybrids as species or varieties.

It has been possible to find among the department's introductions

and selections forms that answer to the description of most of the

varieties of Medicago falcata and Medicago sativa that have been

proposed by botanists. That many of these forms are hybrids is

quite clearly indicated by the fact that their progeny even from

one generation of self-fertilized seed breaks up in a manner charac-

teristic of hybrids. Furthermore, certain of the so-called varieties

have been created as a result of artificial crossing, and there is

abundant reason to believe that a great many of them can be origi-
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nated in this "way. The extensive living collection of alfalfas which
the department has in its possession furnishes an opportunity for

studying the variations that is not afforded by the herbaria of the

country and makes it possible to gain a conception of the group as a

whole that can not be gained from a study of dried material.

Partial lists are given here of the botanical names that have been

applied to what appear to be forms of true Medicago falcata, to

hybrids of Medicago falcata and Medicago sativa, and to species and
varieties whose origin and relationship to Medicago falcata are not

clear, together with a brief description of the forms in question. The
localities in which the various forms were collected are in most cases

indicated in the descriptions.

Fig. 14.—Individual plane of M(dic(i(/o fatcata, a somewhat coarwc stemmed, ascending
form, probably introduced from India, representing Group III.

Botanical names that have been applied to what are apparently true forms of

Medicago falcata.

U. procumhens Bes.s. (!)).^

Pods falcate, nearly smooth; stipules dentate at the base; leaflets ob-

lon;;, dentati; at the ai)ex ; stems i)i-()ciiniboiit ; flowers golden ; mature pods
falcate. T>ocality : I^cmberK and Cracow.

M. intermedia Schnltes (.7-^).

Stems j>rocun)bent
; peduncU'S coryinbose-racemed

;
pods falcate, slightly

Ftubescent ; stipules sagittate; leaflcls linear, olicordate, apex slightly ser-

rulate; flowers yellow. Locality: (lu\\ci;\.

M. falcata pratcnMs Boenn. (//).

DifTu.se; leaflets lineiir-fiinciilc. nnrrow. clmrlv (Icninic al

(riincate; racemes short. F>ocality: .Minister, (Jerniany.

ajK'.x,

'The nnnihcrx hi Itallf rr-fcr to " I.ltfratiirc cited," pp. (;7-70.
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M. falcata riparia Boenn. (11).

Stems large, erect ; leaflets very large, oblong, dentate at the apex,

slightly truncate; racemes elongated, many flowered; flowers large. Lo-

cality : Munster, Germany.

M. falcata montana Boenn. {11).

Stems slender, filiform, decumbent; leaflets small, linear-truncate,

slightly dentate ; racemes few flowered, capitate ; flowers one-half as large

as M. falcata pratensis. Locality : Munster, Germany.

M. falcata minor Gaud. (22, p. 611).

Pods falcate or once coiled. Locality : Vicinity of Sierre, Switzerland.

Fig. 15.—Individual plant of Medicago falcata, S. P. I. No. 20719, a form of very leafy,

erect habit, very desirable from a forage standpoint, typical of Group IV.

M. falcata stenocarpa Reich. (^9).

Pods semicircular, narrower than those of ordinary ill. falcata, diameter

of the arc 3 lines, width 1 line. Locality : Not specified.

M. falcata major Koch {29, p. 160).

Stems elongated, procumbent ; stipules larger than those of ordinary M.

falcata and more dentate. The author cites M. procumhens Bess., and M. in-

termedia Schultes, as synonyms. Locality : Not specified.

M. falcata major prostrata Koch {30).

Stems 2 feet long, prostrate ; stipules strongly toothed ; flowers propor-

tionately large and bright yellow. Locality : Germany.
M. falcata procumbens Ledeb. {35).

Stems long, prostrate ; stipules foliaceous, semisagittate ; flowers larger

than those of ordinary M. falcata; pods less arched, more unequal, almost

smooth. Locality :• Volhynia, Podolia, and Bessarabia, Russia.
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.1/. falcata genuina Godron {25).

Flowers vivid yellow; pods falcate. Locality: Environs of Nancy,

France.

M. falcata typica Trautv. {61).

Flowers yellow
;
pods falcate or semicircnlar. Locality : Ajagus, Siberia.

.1/. falcata diffusa Scliur {55).

Stems slender, diffuse ; secondary branches short, erect ; leaflets very

small, obovate-oblong ; flowers smaller than those of M. falcata major of

Koch, yellow
; pods falcate, smooth. Locality : Salzburg and Kolos, Hun-

gary.

i:

Afea

^^S^^MBH
^^a|1
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Fig. 16.—Individual plant of Mcdicatjo falcata, S, P. I. No. 30433, a very upright,
somewhat coarse form which can be easily harvested by the ordinary hay
machinery, reprcsentiiifr f'.roup IV.

M. falcata nlj)i(j)i(a Schur {55).

Slightly slirul)by, very brancliini,'; leaflets very small, obovate, mucronate
at apfx

;
pods semicircular or falcate, slightly pubescent. Locality : Tran-

sylvanian Alp.s.

M. sativa falcata Alefeld {1, p. 75).

Stems prostrate; leaflets i inch long by 2J lines broad; flowers yeilow

;

pods falrate to nearly circular, iiialxing from one-fourth to 1 coil. Locality:

Germany and Austria.

M. falcata Huhcrerta Lirirjrii. (.17).

Stems ascending, erect
; pods falcate or semicircular. Siibvar. 1.

—

Smoother, leaves broader. Subvar. 2.—More hairy, leaves narrower. Lo-
cality: Klizavetgriiil, Iliissia.



80 BULLETIN 428, U. S. DEPARTMENT OP AGRICULTURE.

M. falcata microphyUa Cusin and Aus. (Hi).

No description is given of tliis plant, but judging from tlie illustration it

is very slender ; apparently prostrate ; leaflets small, narrow, truncate,

toothed at the apex ; pods rather broad, falcate or nearly straight. Lo-

cality : Not specified.

M. falcata gracilis Urban {62, p. 56).

Racemes 1 to 5 flovi^ered ; leaflets only 3 to 5 mm. long ; flowers yellow

;

pods straight or sickle shaped. Locality : Not indicated.

M. falcata aurea Schur (56, p. 171).

Flowers golden yellow
;
pods with short, soft hairs ; leaflets obovate-

obcordate, toothed at the apex ; stems ascending or procumbent. Locality

:

Austria.

M. falcata pauci/lora Lindm. (36).

Racemes more open. than those of ordinary M. falcata; peduncles few

( 1-4 ) flowered ; flowers small ; leaflets very narrow
; pods falcate. Lo-

cality : Near Odessa, Russia.

M. falcata aureiflora Rouy and Foucaud {51, p. 11).

Pods pubescent ; flowers golden, almost orange. Locality : Not specified.

M. falcata pubescens Rouy and Foucaud {51, p. 11).

Pods pubescent, sometimes almost glabrous ; flowers yellow. Locality

:

France.

Botanical names that have heen applied to what are apparentlij hybrids of

Medicago falcata and M. sativa.

M. varia INIartyn (-}3, p. 87).

Flowers variegated, showing yellow, green, white, blue, purple, and black

;

stipules narrower than those of Medicago sativa. Locality : Not indicated.

M. media Persoon ( JS).

Peduncles slightly corymbose ; flowers pale blue, finally becoming golden

yellow; leaflets linear-cuneate, dentate at the apex; pilose below. Locality:

Not indicated.

M. falcata versicolor Wallr. (65).

Flowers pale blue, finally becoming yellow. Locality: Trotha and Bitten-

dorf, Germany.

M. sativa versicolor Ser. Mss. (57, p. 173).

Flowers yellow and blue ; equals M. falcata versicolor of AVallr., Sched.

Crit. Locality : Not specified.

M. falcata hybrida Gaudin {22, p. 611).

Flowers pale blue, finally becoming green and yellow. Locality : Nyon,

Switzerland. (Gaudin, Flora Helvetica, 1829. v. 4, p. 611.)

M. sativa hybrida Gaudin {22, p. 612).

Flowers yellow. Locality : Nyon, Switzerland.

M. falcata tumida Ser. (57, p. 172).

Flowers swollen ; stamens coalescing to the swollen, slightly fleshy, abor-

tive carpel. Locality : About Geneva. This description would seem to in-

dicate that these flowers are abnormal, in which case the plant is probably a

hybrid, as hybrid plants having flowers of similar character have been ob-

served in a number of instances.

M. sylvestris Fries {21, p. 92).

Peduncles racemed ; banner of corolla oblong, with dark-green striations

;

pods circular or semicircular. Locality : Skanes, Gothland, and Oland,

Sweden. This name is intended by the author to cover all forms of Medi-

cago falcata X sativa.
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M. sativa decolurans Fries (21, p. 91).

Stems somewhat decumbent ; leaflets often narrower than in ordinary

Medicago sativa; petals violet, becoming a dirty yellow or finally the color

of iron stain. Locality : Southern Sweden.

J/, panelflora Ledeb. [35).

Pilose; racemes few (2-4 flowered)
;
pods smooth, spirally coiled; pedicels

less than half the length of the calyx, erect after flowering; leaflets cune-

ate, denticulate at the apex ; flowers yellow. Locality : Barku Province,

Russia. The author places this phmt in a group including plants of white,

yellow, blue, and violet flowers.

M. satiia versicolor Koch {29, ed. 2).

Flowers bright yellow, changing to green, and later into pale violet.

Locality : Not specified.

M. satica aibiflora Babey (3).

Flowers pure white. Locality : Environs of Montbeliard, France. Rouy
and Foucaud describe this variety as having pubescent pods and whitish

flowers.

M. falcata amhigua Trautv. {61).

Flowers violet; pods falcate, semicircular or circular. Locality: On the

shores of Lake Alkaul, Siberia.

M. satica atriflora Alefeld (/, p. 76).

Like Mcdieago faleata in character of growth and pods, but the flowers

on opening are blackish blue. Locality : Not indicated.

M. sativa koehiana Alefeld (1, p. 76).

Like Medieago faleata, but the flowers are at first yellow, then green, and

at last violet. Locality : Not indicated. According to the author, this

equals M. faleata hicolor of Koch and M. faleata hijhrida of Gaudin.

J/, sativa intermedia Alefeld (i, p. 76).

Like M. sativa koehiana, but with larger stems, larger and more toothed

stipules, and larger flowers. Locality : Not indicated. Alefeld gives this as

equal to M. intermedia Schultes, M. procumhens Besser, and M. falcata

111(1jor of Koch, but from the description it is quite apparent that the plants

are very different.

M. sativa rotundifolia Alefeld {1, p. 75).

Stems erect ; the lower leaflets circular, 5 lines long by 4J lines broad, the

upper ones slightly oblong, 5 lines long and 3 lines broad ; bloom bluish

yellow ; stipules with hairlike serrations, whereas those of the other varie-

ties are short l)Ut sliarp toothed. Locality : Ladak in Tibet

M. sativa tihetana Alefeld {1, p. 75).

Stems ascending, slender; leaflets 8 lines long and 3 lines broad: flowers

yellowish blue; pods with 1 to 2^ coils. Locality: Himalayas.

M. sativa pallida Alefeld {1, p. 76).

Stems prostrate like M. falcaht ; leaflcls (! lines long by ,'{ lin(>s broad;

bloom light yellow, somewhat hirgfi- liian ordinni'y 1/. fatvafa; pods with

1 to ]J colls, with an oi)en cenlci- li lines wide, liocalily : Not indicated.

.1/. sativa rosea Alefeld (1, p. 75).

Stems erect and siinihir Id .1/. vulgaris: leaflets S lines long, 4 lines broad,

rather large; floweis luiglit rose color. Described from a dry specimen.

Locality: Not indicated.

.1/. subfalcala Scliiir (.>7).

L(;a(letM obovaf<'-liiieiir ; stipules very long acuminate; flowers cni)iiiile,

varieguled, jtaU; yellow at first, cluiiigiiig to green, and linally becoming a

dirty violet; pods Hmootli, forming one coll. Locality: Vicinily of Kron-

Htadt, Hungary.
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M. falcata sativa Scliur (55).

This is given as equal to Medicago subfalcata of Scliur.

M. lilacea Hy (27, p. 432).

Stems prostrate; branches elongated; flowers violet; pods falcate or

forming a complete circle. Locality : River Loire, France.

M. spuria Hy {27, p. 431).

Stems robust, decumbent ; flovi^ers variegated, yellow and violet, decidu-

ous after flowering ; the few pods that are formed usually having two coils.

Locality : River Loire, near Ponts-de Ce, France. The author states that

this is a hybrid of M. cyclocarpa and M. sativa.

M. cyclocarpa Hy {27, p. 431).

Stems prostrate ; flowers golden yellow or finally variegated with blue or

violet
; pods coiled, forming about one spiral. Locality : River Loire, be-

tween Laumur and Nantes, France.

M. varia pseudosaiiva Rony and Foucaud {51, p. 14).

Pods large, glabrescent. Locality : Alpes-Maritimes, France. According

to the authors, this is a hybrid of M. sativa and M. falcata, resembling the

female parent and equaling M. spuria of Hy.

M. varia pseudofalcata Rouy and Foucaud {51, p. 15).

Pods large, glabrescent, with one coil. Locality : Alpes-Maritimes, France.

M. silvestris erectiusctila Rouy and Foucaud {51, p. 12).

Stems ascending ; corolla yellow, not variegated
;
pods generally semi-

circular, glabrescent, or glabrous. Locality : Not specified.

Botanical names that have been applied to species and varieties whose origin

and relationship to M. falcata are not clear.

M. glomerata Balbis (5).

Pods coiled, hairy ; stems erect ; leaflets and flowers very much like those

of the ordinary Medicago falcata; pods glomerate, villous; corolla yellow.

Locality : Nice, France.

M. falcata annularis Ser. (57, p. 172).

Leaflets narrower and smaller than in ordinary Medicago falcata; pods

very much arched, almost spiral. Locality : Not indicated.

M. prociimbens viscosa Reich. (//.9).

Pods falcate, glandular viscous ; flowers bright yellow ; seeds 2 to 6.

Locality : Saxony, near Dresden.

M. annularis Bess.

This plant is usually referred to as equaling M. falcata annularis of

Seringe. Besser's description was not available, and it is doubtful whether

it was ever published. Koch {SO) states that he has seen a specimen from

Besser in Schultes's collection. Other authors refer to a description of M.

annularis in Besser's Prim. Fl. Gal. (,9), but this is evidently an error, as

no reference is made to such a plant in that work.

M. falcata glandulosa Koch {30).

Pods with scattered, articulated hairs, which are provided with a gland

at the end. Locality : Not specifled.

M. falcata viscosa Urban (62, p. 57).

Pods glandular haired, straight or sickle shaped; flowers yellow. Lo-

cality: Not indicated.

M. glandulosa procumbens Schur {56, p. 172).

Flowers golden yellow, in loose racemes
;
pods more or less falcate or

almost straight, with inflated glandular hairs ; stems prostrate. Locality

:

Spielberg, Austria.
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M. falcata laxiflora subscandens Schur {56, p. 172).

Stems weak, climbing among buslies, branching above ; leaflets obovate-

lanceolate, slightly hairy, toothed at the apex ; stipules long, linear-lanceo-

late, as long as the leafstalk ; flowers pale yellow, in loose capitate clusters

;

pods variously formed, more or less sickle shaped, inflated, glandular

haired. Equals Mcdicago laxiflora Schur. Locality : Vicinity of Brunn,

Austria.

21. falcata albida calciola Schur {56, p. 172).

Flowers w'Mte or yellowish white; pods almost smooth or somewhat
glandular haired ; stems upright ; leaflets long to cuneate, slightly grayish

green. Locality : Vicinity of Vienna and Brunn, Austria.

M. varia pseudofflomerata Rouy and Foucaud {51, p. 15).

Pods somewhat smaller than in ordinary M. sativa, glandular pubescent,

with 1 to 2 coils. Locality : Alpes-Maritimes.

M. silvestris fjlandulosa, Rouy and Foucaud {51, p. 13).

Pods more or less glandular pubescent. Locality : Not specified.

AGRICULTURAL HISTORY.

As far back as mention of Medicago falcata can be traced in the his-

tory of agriculture it has almost invariably been referred to directly

or indirectly as a noncultivated species. Incidentally it may be in-

ferred from certain references by early writers that the plant was
utilized in a very limited way for forage in some localities in Europe,

but no hint is given that it was cultivated there for that or any other

purpose. Xo attempt has been made to search the literature for in-

formation regarding its early utilization in Asia.

The species was at least suflEiciently well known to be mentioned

in European literature more than three centuries ago, but up to the

time of Linnseus (1750-1790) no botanists or agriculturists apparently

had ever recommended its domestication. About 1783 Le Blanc

{-32) became interested in the plant, which he termed " Yellow

Medick," on account of its ability to produce a good growth on poor

soil. He conceived the idea of its domestication, but in the course

of his investigations his attention was attracted to a hybrid of Medi-

cago sativa and Medicago falcata^ to which he gave the name " Varie-

gated Medick." In his opinion, this plant was superior to either the

common hicern or the yellow medick, and therefore he discontinued

his efforts to domesticate the latter.

The literature of the past century contains many references to

the cultivation of Medicago falcata., but outside of limited localities

in In(Jia, China, and southern Kussia, where it is reported to be cul-

tivated to some extent, it is not grown under cultivation except for

experimental purposes. It is a significant fact that regardless of the

rclationsliij) of Medicago falcata to connnon alfalfa, the early j'ecog-

nition of its value, and the numerous attempts to domesticate it, the

plant is still an nnciiltivat('(l species. However, it must ])e said that

.V,Sli(r—lUiil. 42H—17 .">
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it is probably utilized at the present time more than ever before in

Europe and Asia, but wholly as a wild plant on the ranges and in

pastures. According to Hansen {26, p. 12), it is attracting attention

as a range plant in European Russia. Meyer is authority for the

statement that the Kalmucks and Sarts in Chinese Turkestan gather

it, together with other wild plants, as hay for horses and cattle.

Nilsson indicates that it is utilized quite abundantly in Sweden as a

wild pasture plant on dry, sandy land. It is reasonable to conclude,

therefore, that its value has long been recognized in the agi'iculture

of Europe and Asia. Farther on in this paper some of the reasons

for its present agricultural status will be discussed.

COMMON NAMES.

While various common names have been applied to Medicago

falcata, unfortunately there is none that is without somewhat serious

objections. The most satisfactory name that suggests itself and

the one that is most commonly used in this country is "yellow-

flowered alfalfa." The chief objection to this name lies in the fact

that it is not distinctive, there being other fairly distinct species of

Medicago belonging to the alfalfa group that have yellow flowers.

However, Medicago falcata is the most promising member of the

yellow-flowered group from a forage standpoint, and it is quite

probable that the common name "yellow-flowered alfalfa " will be

generally adopted for it. The name " sickle-podded alfalfa " has

been occasionally used, but it is cumbersome and harsh sounding.
" Siberian alfalfa " meets with objections because the species is by
no means confined to Siberia in its natural range. Meyer ^ writes

that—

In the southern and central Provinces of Russia and more especially along

the Volga Piver, this wild lucern is called Burgoon. In western Siberia a

number of names are in use among the farmers, like Sholty lucern, Sholty

klever, Sholty weeseel, and Deekii lucern. These mean, respectively, yellow

alfalfa, yellow clover, yellow vetch, and wild alfalfa. The second name, how-

ever, applies also to various species of Melilotus, while the third one is given

to Lathprus pratensis. The German settlers in the Caucasus in southern Rus-

sia and in western Siberia call this wild alfalfa invariably " steinklee," meaning

stone clover, or if one gives the word stein a wider meaning, wild clover. In

Chinese Turkestan the Turki people call this plant " Tagh-beda," and it seems

very likely that the Germans have simply translated this name, since these

hardy and industrious settlers have always come much in contact with Tar-

tars and Kirghiz, who all speak Turki dialects. The Dsungans, in Chinese

Turkestan, who are Chinese who have become Mohammedans, give Medicago

falcata the name of " San musu," which means mountain alfalfa or wild

alfalfa. The name " musu " is, however, applied to several trifoliate plants in

the same way the average person uses the word clover for many widely dis-

1 In an unpublished report on file in the United States Department of Agriculture.
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tinct plants. In the regions around Semipalatinsk on the Irkutsk River in

southwestern Siberia wliere this Medicago falcata is especially abundant, the

Kirghiz and Russian settlers alike call it " sholteek " and it is this name that

the writer proposes to give to the plant. This name " sholteek " is probably

a Kirghiz corruption of two Russian words and means something yellowish.

Now, however, in the vicinity of Semipalatinsk, this word is being applied ap-

parently exclusively to Medicago falcata.

Meyer offers three reasons why the name " sholteek " should be

nsed in preference to other names: (1) That it consists of a single

word only; (2) that it is easy to pronounce, easy to remember, and

has a pleasing sound; (3) that it is already in use over a large area

in Asia, where Medicago falcata. grows in its greatest abundance.

T\Tiile the name " sholteek " is a somewhat pleasing one and not

very difficult to pronounce, it is very doubtful whether any name
that does not include the name alfalfa will ever be generally adopted

in this country. The names " Orenburg alfalfa " and " Semipala-

tinsk alfalfa" have been applied to mixed lots of seed introduced

from Provinces in Hussia and Siberia having these names. The fol-

lowing is a list of some other common names that have been ap-

plied to the species, none of which appears to be acceptable {53) :

Svensk Lucern, Fodorsmare, Gul Lucern, Kosmor, Linne's hofro, Ljung-

pinnar, Rast, Refgras, Refvagras, Svensk Smare, Deutsche Luzerne, Grosser

Steinklee, Schwedisches Heu, Schwedischer Ileusame, Schwedische Luzerne,

Sickelklee, Spargelklee, Wildes heiliges Heu, Butterjags, Horned Clover,

Sickle-podded Medick, Yellow Lucern, Ijuzerne de Suede, Luzerne faucille,

Luzerne Jaune, and Luzerne sauvage.

AGRONOMIC CHARACTERISTICS.

From an agronomic standpoint Medicago falcata does not resemble

Medicago sativa as closely as its botanical relationship would indi-

cate. Habit of growth as regards' suitability for hay or pasturage,

quantity of growth as indicated by the production of profitable

yields under various conditions of soil and climate, and quality of

growth or herbage as interpreted in terms of palatability and feed-

ing value are agronomic characteristics that in the main bear little

relationship to diagnostic botanical characters. However, no sharp

line exists between these tAvo sets of characters, as may be readily

seen, for example, in the cane of the i)roduction of seed. The quan-

tity of .seed produced and its retention by the plant are character-

istics of considerable botanical as well as agronomic significance.

It is in tlie agronomic charncteristics alone that the farmer is in-

terested, and to a very large degree the plant breeder likewise, since

j>if>(liKtion is the practical end which both must always keep in view.

A CM (('fill study of the characteristics of the plant which relate

dinvitly to its utilization as a forage crop, then, is of the utmost im-

portance. Since most of the agronomic data presented herewith vveie
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secured, a number of promising forms have been obtained from India.

The data and conchision, tlierefore, do not necessarily apply to these

late introductions. Their behavior strongly suggests the advisability

of deferring judgment on them until they have been more thoroughly

tested.

GENERAL HABITS OF GROWTH.

There is a wide range of variation of growth in plants of Medicago

falcata. Practically every degree of erectness is represented, from
prostrate to upright. However, from a forage standpoint the species

may be divided into two general groups—the procumbent, prostrate,

or spreading group, which, theoretically at least, has some advan-

tages over the upright forms for pasturage, and the ascending or sub-

erect group, which is suitable for hay production. Oliver {Jj.7) has

discussed the pasture forms in some detail. A large majority of the

forms fall either in the so-called pasture group or are not sufficiently

erect to be included in the hay group. The apparently prevalent

opinion, however, that there arfe no upright forms is erroneous, since

there are some quite as erect as any that can be found in Medicago
sativa. The degree of erectness, it is true, is influenced to some ex-

tent by cultural methods. The habit of the plants is dependent to

a considerable degree upon whether they are grown in hills, widely

spaced rows, or in broadcast stands. In hills and in roAvs they are

much more procumbent than when grown in broadcast stands. How-
ever, thickness of planting does liot overcome the decumbent habit

of the plants in groups 1 and 2 sufficiently to permit harvesting by

machinery without loss. Observations made at Brookings, S. Dak.,

on two tenth-acre broadcast plats seeded in 1909 indicate an appre-

ciable improvement in the degree of erectness of the plants after the

stand becomes thickened by the enlarging of the crowns, which was
especially noticeable after the second or third year of growth.

The forms suitable for hay, so far as the matter of harvesting is

concerned, are confined almost exclusively to groups 3 and 4. These

forms are found abundantly in S. P. I. Nos. 20718, 20719, 24455,

26927, 28070, 28071, 30433, and 32412. (See figs. 12, 13, 14, and 15.)

The extremely low, spreading pasture forms are found in groups 1

and 2, and especially in S. P. I. Xos. 20717, 20725, and 24454, where

they predominate. (See figs. 7, 8, and 9.)

CHARACTERISTICS OF THE VEGETATIVE GROWTH.

The general appearance of the vegetative growth of the upright

forms of Medicago falcata is not materially different from that of

Medicago sativa, except that it is somewhat more silver gray in color.

The mass height in broadcast stands is commonly less than that of
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Medicago sativa^ although in a few of the erect forms there is com-

paratively little difference in this respect. From a similar stand of

the same height of mass growth Medicago faleata will produce a

heavier yield than Medicago sativa^ partly because of the thicker

growth of stems and partly because of the texture of the herbage.

Estimates of yields based upon appearance therefore commonly err

in favor of Medicago sativa. Conditions of soil and stand being

equal, individual cuttings of the best upright forms of Medicago

falcata frequently outyield those of varieties of Medicago sativa..

A characteristic of considerable importance in any hay crop is the

proportion, b}^ weight, of leaf to stem. The plants of Medicago fal-

cata show great variation in this respect, making the character of

little value in any system of classification. However, in the very low

forms the proportion is greater than in the more erect ones. A crit-

ical study of 27 S. P. I. introductions indicates that the leaves com-

pose from 31.5 per cent to 67.5 per cent of the total dry weight of

the herbage. The highest percentage of leaves was found in group 1

in plants of S. P. I. Nos. 20717 and 20725. McKee {l+'B) presents data

on the percentage of leaves by weight for three varieties of Medicago
satica, as follows:

Peruvian 52. 5 per cent.

Arabian 56. 4 per cent.

Common (Utah grown) 49. S per cent.

According to the investigations of the Utah Agricultural Experi-

ment Station {67) the percentage of leaves by weight in common
alfalfa ranges from 22.7 to 38.4, depending upon the stage of matur-

ity. It is safe to assume that the erect forms of Medicago falcata are

not essentially different from the common varieties of Medicago
sativa with respect to the above character. The leaves of the former,

however, are retained after curing to a greater degree than those of

the latter, which is a very important factor.

STEM CHARACTERISTICS.

The size and numbei- of stems of the plant vary greatly with its

habit of growth. (Eig. 17.) In the very procumbent or prostrate

plants the stems usually are finer and more abundant than in the

more erect ones. An actual count made on plants 4 years old indi-

cates the number of steins to range from 292 in S. P. I. No. 20718, a

large uhcending form, to 1,082 in S. P. I. No. 20717, a broad-crowned
form. Plants of Turkestan alfalfa of the same age and grown under
similar conditions lind approxiinntely 225 stems per i:)lant. In this

agronomic diarnctcr also Medicago falcata com[)ares A'ery favorably

\\\i\\ Medicago sativa.
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PERIODS OF GROWTH.

Observations made at Brookings in 1912, 1913, and 1914 indicate

that Medicago falcata has a tendency to commence growth earlier in

the spring than Medicago sativa or Medicago sativa X falcata

hybrids. This characteristic is apparently influenced by climatic and

soil conditions. If, as frequently happens in early spring, a short

period favorable for growth is followed by continued cool or cold

weather, the difference between the quantity of growth of Medicago

falcata and Medicago sativa when the growing season really begins is

very noticeable. This probably is due to the fact that while both may

Fig. 17. -Loose bunches of stems of various forms of Medicago falcata, showing general

types of growth.

start during the favorable period, the former is able to outgrow the

latter during the unfavorable period following.

At Highmore, S. Dak., in the spring of 1912, Medicago falcata con-

tinued growth throughout an extended period of very cold weather,

while Medicago sativa made very little growth. The same phenome-

non was observed at Brookings, but the difference between the two

was not so pronounced. In the spring of 1914 the difference in the

earliness of growth was less noticeable than in the other seasons men-
tioned. The soil was extremely dry until well into April that year,

after which the conditions of warmth and moisture were unusually

favorable, resulting in good growth of all varieties. It seems reason-

able that the lack of difference between the spring growth of Medi-
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cago fdlcata and Medicago sativa in this instance may have been due

to these conditions, particularly to the dryness of the soil.

The various forms of Medicago falcata exhibit slight differences in

the earliness of spring growth. It seems to be true that young plants

of all alfalfas start growth earlier than old plants. Therefore, only

plants of the same age should be compared in making observations on

this point.

In his discussion of Peruvian alfalfa, which he describes as Medi-

cago sativa variety polia^ Brand {IB) calls attention to the ability

of this strain to continue growth during the late fall and winter

when other varieties of Medicago sativa become dormant on account

of the low temperature. The term " zero point " is applied by him
to the minimum temperature at which growth can be made. He
consequently classes Peruvian alfalfa as a variety which has a low

zero point and common alfalfa as a variety with a comparatively

high zero point. Brand's observations were made in southern Ari-

zona, and had Medicago falcata been studied in comparison with the

varieties of Medicago sativa it doubtless would have been considered

as having the highest zero point of all, since it discontinues growth

in the Southwest earlier than any of the other varieties of alfalfa,

A study of the various alfalfas at different latitudes with regard

to their phenological characteristics reveals some rather interesting

and important points. The most important of all, perhaps, is the

effect of severely low temperatures on their so-called zero points of

growth. This can be explained best by citing the behavior of the

distinct forms in different parts of the country. In California and

the far Southwest, McKee finds it readily possible to distinguish

Peruvian alfalfa, common alfalfa, Medicago sativa X falcata hybrids

(the general group of variegated alfalfas), and Medicago falcata by

their groAvth in late fall and early spring, without regard to their

morphological characters. They discontinue growth in the fall and

resume it in the spring in the order in which they are named above.

The same order obtains in general at the Arlington Farm, Va., with

some seasonal variation, but at Brookings and Ilighmore there is a

tendency toward the reversal of this order. The latitude of Wash-

ington, D. C, appears to be about the dividing line, if high altitudes

are excepted.

SPBING CiROWTH.

Westgate {00) in discussing Medicago falcata X satina hybrids

says, " in earliness of starting in spring as well as in earliness in

blooming, the variegated alfalfas appear to exceed the ordinary

kinds.'' He f|iialifies this stiitcincut soiiicwhat 1)y saying "In the

southern one-half of the United States the variegated alfalfas are
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normally later in starting than the ordinary variety." This indi-

cates possibilities worth considering in the development of neAv agro-

nomic strains of alfalfa through the hybridization of Medicago sativa

and Medicago falcata. It seems quite probable that severely low

temperatures materially influence the ability of varieties to commence
growth in the spring. In the colder and drier portions of the Great

Plains area a variety of alfalfa making a growth in the early spring

is more certain of producing a good crop of hay than those that are

slow in starting, as it is able to take advantage of the winter moisture.

Since one good cutting is sometimes all that can be obtained, the

ability of a variety to produce early spring growth is of consider-

able importance. Medicago falcata not only possesses this charac-

teristic, but is able to transmit it in some degree to the progeny re-

sulting from its hybridization with Medicago sativa.

In May, 1915, the effects of the five severe frosts and freezes which

occurred during that month were observed on the nursery rows at

Redfielcl, S. Dak. The rows of Medicago falcata showed decidedly

less damage than the adjoining rows of Medicago sativa. It is true

that the plants of the former, being of lower growth than those of the

latter, may have received some protection from the earth. With the

exception of the introductions from India, S. P. I. Nos. 26927, 29139,

and 30433, the Medicago falcata plants showed almost no frost effect,

while those of Medicago sativa were badly wilted. The effect of the

frost was apparently the same on the Grimm, Canadian variegated,

Baltic, Turkestan, and local Dakota strains.

EECOVEEY AFTEE CUTTING.

A characteristic wherein Medicago falcata differs materially from

Medicago sativa is in rate of growth after cutting. The ability to

produce several crops of hay in a season under faA'orable conditions

has been largely responsible for the popularity which the latter has

had for centuries. Unfortunately, the former does not possess this

ability to any considerable degree; in fact, only under very favor-

able conditions can more than one good cutting be procured from it.

Table II indicates the comparative rate of recovery of Medicago

falcata and Medicago sativa after cutting at Brookings.

Table II.

—

Comparative rate of recovery of Medicago falcata and Medicago
sativa after cutting, at Brookings, 8. Dak., in 1913.

Plants cut June 19.

Height of growth

—

Julys. July 22.

Medicago falcata, seven introductions.
Medicago sativa, two strains

Inches.
4 to 9

16

Inches.
8 to 13
19to20
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The above data are verified by those obtained at Highmore, where

plants grown in hills 4ri by 44 inches were cut and the recovery noted.

A brief summary of the results is presented in Table III.

Table III.- -Rate of recovery of Medicago falcata after cutting, at Highmore,
8. Dak., in 1913.

S.P.I.No.i

20717
20718
20721
20722

Average meas-
urement o f

plants.

Height. Spread

Inches.

21

ISf
19

Indies.
35|-

45 ^

39|
355

Date har-
vested.

June 27
June 23
June 1-1

June 17

Aver-
age

heisht
on July

17.

Inches.

^
7i

S.P.I. No.i

20725
24452
28070
28071

Average meas-
urement o f

plants.

Height. Spread.

Inches.

124

17i
23:^

203

Inches.

36i
431
iU
44"

Datehar-
vested.

June 27
June 24
June 24
Jime 23

Aver-
age

height
on July

17.

Inches.

Of

I Observations were made on eight plants of each number.

As will be noted, there is some difference in the rate of recovery

of the various introductions, but this ordinarily is small and can

scarcely be considered as a fixed characteristic of any of the forms.

Observations made on plats where strains of Medicago falcata were

grown in broadcast stands indicate that the growth after cutting is

less than when grown in rows and hills. The specific data herein

recorded are supported by general data published by the Dickinson

(N. Dak.) substation {6If) and in reports of the Canadian Experi-

mental Farms {Jfl).

LATE AUTUMN GEOWTH.

The difference in the comparative rate of growth of Medicago

falcata and Medicago sativa in the autumn is influenced to a great

extent by temperature. In October, 1913, notes were taken at

Brookings on the effect on the various alfalfas of a hard freeze that

occurred September 22, when the temperature reached 17° F. In

general, the plants of Medicago falcata were little affected, and

nearly all that were recorded then as being injured were later found

to be hybrids of Medicago falcata and Medicago .sativa. The various

.strains of Medicago saMva wei'c very noticeably injured, while the

hybrids were al.so injured, bat to a somewhat less degree.

In a season of relatively high fall temperatures and favorable

nioistiirci conditions plants of Medicago sativa will produce more

late fall gi-owth than those of Medicago falcata. This is (piitc in

accordance with the previous discussion under "Spring growth."

HARDINESS.

The rhnr'acteristif of" hiirdincss in phints is coininonly (h'fincd !is

ability to ('n<liii<' rold. It has jeccntly, howcnci', conic, to have a

InojMlci- nicitnin^'-: namely, the ability to survive winter conditions.
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Among the factors influencing winterkilling may be mentioned low

temperature, excessive variation in temperature, protection as

afforded by snow and drifted soil, thickness of stand of plants, pre-

cipitation, vigor of plants upon entering the winter, and condition of

soil with respect to moisture, surface drainage, and existence of ice

sheets.

Medicago falcata is generall}?^ regarded as a hardy species, and it

was for this reason that efforts were made to introduce as many of its

forms as possible from regions where it is found growing naturally.

While it scarcely could be expected that forms of the species from the

Mediterranean region would be as hardy as those from the vicinity

of Yakutsk, 62° north latitude, where the temperature reaches — 84°

F., it is probable that most of the forms can be placed in the class of

comparatively hardy alfalfas, regardless of the geographical location

in which they were developed. Just why some varieties of alfalfa

are more susceptible than others to winter conditions is not clearly

understood. It is now commonly believed, however, that an impor-

tant factor in the hardiness of any variety is the degree of protection

which the plant provides its dormant or resting buds. For example,

varieties in which the crowns are produced well above the surface of

the ground are uniformly tender, while those in which the crowns are

near or beneath the surface are mostly hardy. The Arabian and

Peruvian varieties may be cited as illustrations of the former, while

the Grimm and Baltic varieties represent the latter group. The
dormant buds of the varieties with high crowns are fully exposed to

the unfavorable conditions of winter, while those of the varieties

having low crowns are protected by the soil, and to some extent by

the dead herbage of the preceding summer. The relation of deeply

set crowns to hardiness probably was first called to attention in

agricultural literature by Thomas Le Blanc in 1791 (^^), but it is

only within recent years that the significance of this characteristic of

the crown has been duly appreciated {1^5^ p. 4).

A majority of the forms of Medicago falcata produce at least a

part of their new growth from underground members, either rhizomes

or true lateral roots, a characteristic which affords material protec-

tion during periods of severe conditions. It is largely upon this

feature, as well as upon its geographical range, that the estimate of

its hardiness has been based.

While comparative tests of the hardiness of Medicago falcata and

strains of Medicago sativa grown in rows and hills have been made
since 1910, there are still insufficient critical data from which to draw

definite conclusions as to the relative hardiness of the former under

actual field conditions. Unfortunately, many of the plantings that

were made in 1909 were poorly provided with checks and did not
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include the common commercial strains of Medicago sativa to a suffi-

cient extent. Nevertheless, the results from these and other plantings

go far toward proving the hardiness of Medicago falcata.

In the fall of 1910, counts were made of plants of one variety of

Medicago sativa^ three hybrid strains, and several numbers of Medi-

cago falcata at Brookings and Highmore. At the former place the

plants were grown in hills 21 by 36 inches, and at the latter in hills

44 by 44 inches. The following spring, counts were made to deter-

mine the percentage of plants that survived the winter, with the

results shown in Table IV.

Table IV.

—

Comparative winterkilling of Medicago falcata and Medicago
sativa ^ gronm at Brookings and Highmore, 8. Dak., 1910-11.

.

S.P.I.
No.

Brookings. Highmore.

Species.
Living plants.

Surviv-
ing.

Living plants.

Surviv-
ing.Novem-

ber, 1910.

April,
1911.

Novem-
ber, 1910.

April,
1911.

Medicago sativa

Medicago sativa X Medicago fal-

cata .

20711

20571
20714
20716

20717
20718
20719
20720
20721
20722
20724
20725
20726
24452
244.53

24454
24455
24456

238

256
497
29S

265
318
245
65

261
250
39
259
311
771

56
501
322
61

231

252
488
287

264
305
242
65

257
244
39
259
311
771

56
501
322
61

Per cent.

97.0

98.4
98.1
96.6

99.6
95.9
98.7
100
98.4
97.6

100
100
100
100 .

100
100
100
100

112

119
111

74

355
148
323

15

85
18
20

344
144
323

Per cent.

13.3

71 4

Do 16 2
Do 27

96.0
Do 97 3
Do 100
Do
Do
Do
Do

350
286

297
245

84.8
85.6

Do 354 334 94.3
Do
Do 185 182 98 3
Do
Do
Do
Do

-Vverage percentage of .survival:
Medicago sativa 97.0

97.7
99.2

13.

3

Mwlicago falcata X Medicago
38.2

Medicago falcata 94.8

1 The Medicago saliva variety used in this test wa.s a selected strain of Turkestan alfalfa. The hybrids
were the North Sweden, Cossack, and Chemo varieties.

Tlie minimum temperatures for the winter months at Brookings

and Iliglimore are given in Table V.

'J'ahi.k \'.

—

Mininiuiii l<iii jicnil iirc {" I'.) in cdcli, iiiontli of llic irinlcr of t!H()-tl,

at UrookinyH and Highmore, S, Dak.

Locality.

BrooklngR.
Highmore.

Novem-
ber.

Decem-
ber.

-16
-18

Janu-
ary.

-32
-24

Febru-
ary.
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The summary of results at Brookings and Highmore indicates the

superior hardiness of Medicago falcata at these points, while Table

V indicates that factors other than low temperature were responsible

for winterkilling.

,

While the number of plants upon which the percentage of sur-

vival shown in Table IV was based is too small to make the data

really dependable, the appearance of the plantings at Highmore was
very convincing. The rows of Turkestan, North Sweden, Cossack,

and Cherno were so depleted as to give the entire block an extremely

ragged appearance, while the rows of Medicago falcata adjoining

had so nearly the full quota of plants that the mass effect remained

unbroken. (Figs. 18 and 19.)

Widely spaced hill plantings, such as were made at Highmore, in

some respects offer very good opportunity for studying winter-

killing, since on such plantings the effect of the important factors

is greatly exaggerated. In row plantings and even in broadcast

stands at Highmore the mortality of the Medicago sativa varieties

Pig. 18.—Hill plantings of Medicago falcata varieties, Jlf. sativa, andJf. sativaX falcata,

commercial varieties and selections. Photographed in August, 1910, Highmore, S. Dak.

was slight, while it was almost negligible in the case of the Medicago

falcata strains. At Brookings the only winterkilling of Medicago

falcata which could be considered of any consequence occurred dur-

ing the season of 1912-13. The mortality in this case was doubtless

due to the presence of an ice sheet over a portion of the plats. It is

well recognized that Brookings and Highmore are not ideal places

at which to test the comparative hardiness of alfalfas ; nevertheless,

at the latter point winterkilling is a serious factor in common alfalfa

under field conditions.

Georgeson {23) reports Medicago falcata to be the hardiest of all

the alfalfas tested in Alaska and that it survives the winter without
" inconvenience." His tests, which included the Grimm and other

variegated strains, were made under conditions much less severe than

those normally obtaining in the Dakota s.

In all the trials which have been reported there is still lack of

data on the relative hardiness of the various forms of the species.

It now seems probable that this fact will be determined only in-
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directly; that is, by determining the relative hardiness of their

hybrids with Medicago sativa, since many of them are of themselves

not of sufficient agronomic importance to justify the expense of

extensive tests of hardiness. Several introductions, however, includ-

ing two lots from India, which have been tested at the University

of Saskatchewan, Saskatoon, Saskatchewan, for three or more years,

show no perceptible difference in their ability to survive the winter

conditions.

Taking into consideration the geographical range of Medicago

fdlcata^ the provisions made by its various forms for the protection

of the buds during the dormant season, and the results of tests in

this country and elsewhere, it is fair to assume that the species may
well be considered hardy as compared with the commercial strains

of Medicago sativa. Through this physiological characteristic the

various forms of the species will aid in solving the alfalfa problem

in the colder and drier portions of the United States.

Fig. 19.—The hill plantings of alfalfa shown in figure 22. Photographed in May, 1911.

The solid plantation in the background is of Medicago falcata varieties. The scatter-

ing plants in the foreground are M. sativa and M. sativaX falcata strains. The
difference in winterkilling between the last two and the first was very marked.

DROUGHT RESISTANCE.

Within recent years the relation existing between drought resist-

ance and cold resistance has become more definitely recognized. The
adaptations of the plant which make it resistant to cold are now
believed to enable it in a large measure to endure or evade drought.

The prevailing opinions regarding the drought resistance of 7l!/(3^i(7«(7(9

falcata have been based chiefly on the fact that it grows naturally in

very dry situations and possesses certain characteristics Avhich are or-

dinarily considered as drought-resisting adaptations. No critical data

are available from plants grown undei- cultivation, but the general

results leave little doubt that most of the forms of Medicago falcata

are relatively drought resi.stant, and certain forms at least will endure

drought conditions too severe for Medicago .sativa.

The factors tliiit nva potent in enabling it to resist drought are its

extensive root development, its ability to produce rhi/omes well be-
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neath the surface of the soil and in certain cases to produce true pro-

liferating lateral roots, and its ability to suspend activity and to

lessen transpiration by reducing its leaf surface. During periods of

severe drought it makes very little growth above ground, but appar-

ently devotes some energy to the production of rhizomes, from which

new growth develops either with the resumption of favorable condi-

tions the same season or in the following spring. This adaptation is

of considerable benefit in carrying plants through the critical periods

of summer.

The following heretofore unpublished data on the water require-

ment of Medicago falcata^ b}^ which is meant the quantity of water

required by the species to produce a given amount of dry matter, as

determined by the method of Briggs and Shantz, have been fur-

nished by Mr. A. C. Dillman, of the Office of Alkali and Drought
Resistant Plant Investigations.

A summary of the water requirement of Medicago falcata as compared with

that of Medicago sativa (the Grimm variety), as determined at Newell, S.

Dak., for four seasons, 1912 to 1915, inclusive, and at Akron, Colo., in 1914, is

given in the following table

:

Table VI.

—

Comparative water requirement of Medicago falcata and Medicago
sativa at Neioell, S. Dale, in 1912 to 1915, inclusive, and at Akron, Colo., in
1914.

Water requirement based on dry matter.

Place, year, and species.

Actual. Relative.

First
crop.

Second
crop.

Third
crop.

Combined
crops.

First
crop.

Second
crop.

Third
crop.

Com-
bined
crops.

At Newell, S. Dak.

Season of 1912: i

622±15
699±15

340± 7

469± 6

603±38
539

399± 8
424± 9

735±18
772±18

713±11
817±13

930±26
800

424± 4
413± 7

663±12
735±15

579±12
735± 8

687±20
669

541 ± 9
499± 7

89
100

73
100

93
100

94
100

87
100

107
100

91

100

95
100

87
100

116
100

103
100

100
100

84
100

97
100

109
100

176
100

142
100

114
100

133
100

90
100

Season of 1913:

1,220±52
1,115±16

79

100

Season of 1914: 2

103
100

Season of 1915:

1,108±20
630±18

108
100

Mean at Newell:
95
100

At Akron, Colo.

Season of 1914:

1

652±16
610± 3

757±13
907±14

1,201±75
1,055±12

848±27
890± 6

95
100

Mean at both Newell and
Akron:

95
100

1 The data at Newell, S. Dak._, in 1912, and at Akron, Colo. , in 1914, were procured from seedling plants,

while those obtained at Newellm 1913 to 1915, inclusive, were from plants a year or more old.
2 At Newell, S. Dak. , in 1914 there were five pots of Medicago falcata, but only one pot of Medicago sativa.
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The actual water requirement of the first, second, third, and com-

bined crops for each year is given in the second to fourth cokimns

of the table, and the relative water requirement of each crop, with

Medicago sativa taken as 100, is given in the last four columns of

Table VI. Considering the water requirement of the combined crops,

it will be noted that Medicago fdlcata has a slightly lower require-

ment than Medicago sativa. The water requirement of Medicago

falcata., based on data obtained from 29 separate pots which are

summarized in the table, is 663dzl5, and the water requirement of

Medicago sativa, as determined from 25 separate pots, is TlSztlS, or

a difference of 50±23 in favor of Medicago falcata. This difference,

in view of the large probable error, which was in part due to varia-

tion in season and location, is not significant. It would appear from

the above data that Medica.go falcata is relatively efficient in its use

of wat€r during the early part of the season, but inefficient during

the late summer.

There is little doubt that the drought resistance of Medicago fal-

cata is quite as high as that of Medicago sativa., but it is unlikely that

the former can be grown profitably where the latter succumbs. There

is a vast agronomic difference between being able to maintain an

existence under extremely dry conditions and being able to produce

sufficient growth to be profitably utilized for hay or pasture. There

is certainly no definite evidence that Medicago falcata will be profit-

able where the better adapted strains of Medicago sativa fail.

SEED PRODUCTION.

The seeding habits of Medicago falcata are such as to give serious

concern in connection with its utilization as a cultivated forage crop.

Not only is the quantity of seed produced comparatively small, but

a large percentage shatters before it can be harvested by ordinary

methods. Even in harvesting by hand the loss of seed through

shattering is great. There are no data available on yields of seed

under field conditions, but there are numerous data on yields from

individual plants, from which estimates can be made of the yields

which might reasonably be expected under field conditions.

At Brookings, yields from a large number of plants were recorded

from 1010 to 1918, inclusive. The plants were grown in hills 24 by 36

inches, thus providing what are generally considered very satisfac-

tory cornlitions for seed production. Special care was exercised in

harvesting the seed to reduce the shattering to a minimum. There-

fore the yield was apprecial)ly greater than if the i>hints had been

harvested by ordinary field rn(!thods, and was high also for a fair

coinpari.son with Medicago sativa.
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Table VII.

—

Alfalfa plants transplanted in 1909 to hills 24 l)V 36 inches at
Brookings, S. Dak., showing yields of seed, 1910 to 1913, inclusive.

Species.
S. P. I.

No.
No. of
plants.

Yield of seed per plant (grams).

1910 1911 1912 1913 Average.

Medicago sativa - 20711

20571
20714
20716
20717
20718
20719
20720
20721
20722
20725
20726
24452
24454
24455
24456
28070
28071

145

248
418
263
261
243
234
62
159
213
225
238
708
434
156
59
177
122

2.80

2.92
2.72
3.46
1.44
.35

.37

3.70

4.61
3.90
6.80

0.924

1.506
1. 108
2.231
.421
.352
.074
.209
.477
.375
.613
.586
.405

.180

.213

.205

.100

.176

1.333

.709

.641
1.353
.038
.181
.085
.258
.157
.122
.044
.247
.210
.073
.115
.169

2.188
Medicago sativa X Medicago

2.436
Do 2.092
Do 3.461

Medicago falcata .633
Do .084

.025
.241

Do :.... .138
Do .233
Do .205

.216
1.69
1.44
1.28
.19
.53

.126

.082
.241

Do .198
Do .782
Do 1.22

.135
.873

Do .507
Do .147
Do .366 .306
Do .187
Do .142

.47
.073
.29

.105
Do .147 .270

Average yield of seed:
Medicago sativa 2.188

falcata 2.663
.347

A summary of Table VII shows clearly the relatively low yield

of seed from Medicago falcata. Allowing amply for the variation

in its different forms, there is none that approaches the ordinary

forms of Medicago sativa in seed production. In view of the ex-

treme uncertainty of the seed crop in the case of common alfalfa,

there is reason to assume that the utilization of Medicago falcata

as a cultivated crop will be seriously handicapped by the precarious

nature of its seed production.

In addition to scanty seed setting and the material loss from

shattering, an appreciable percentage of the seed is " hard " and of

doubtful value for sowing. « As previously indicated in this paper,

50 per cent of hard seed is commonly found in the various strains

of Medicago falcata.. While the germination of a portion of this

seed can be hastened by treatment, no thoroughly practicable method

has yet been developed either for scratching the seed coat or ren-

dering it more permeable to water by the use of chemicals. There

is also an appreciable percentage of shriveled and nonviable seed,

so that the proportion of readily germinable seed rarely exceeds 40

per cent. Preliminary tests indicate that the viability increases with

age to a limited degree, aging apparently reducing the percentage

of hard seed.

The comparatively small size of the seed offsets to some extent for

agronomic purposes the effect of the high percentage of hard seed.

There are approximately 325,000 to 490,000 seeds of Medicago fal-
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cata per pound and only 200,000 to 250,000 seeds of Medicago sativa

per pound. However, this difference in the size of the seed does not

apparently affect the quantity necessarj^ to produce a stand of plants

in the field to the extent that theoretically might be expected.

YIELDS OF HAY.

A correct estimate of the yield of hay of Medicago falcata com-

pared with that of Medicago sativa is difficult to make. The actual

production is more nearly the same for the two species than are the

yields obtained by ordinary methods of harvesting, owing to the

failure of the mowing machine to cut all the procumbent or de-

ciunbent stems of the latter. Yields of hay have been obtained from

a large number of individual plants cut with a hand sickle, but only

a few data are available on yields from field plats harvested by ma-

chinery. The yields presented in Table VIII were obtained from

tenth-acre broadcast plats at Brookings.

Table VIII.

—

Yields of alfalfa obtained from tenth-acre broadcast plats, Brook-
ings, S. Dak., 1910 to 1913, inclusive.

Species/

Calculated yield per acre (in pounds) based on actual yields from tenth-acre plats.

1910

Cuttings.

To-
tal.

1911

Cuttings.

1 2

1,070 (2)

Wil) V')

1,010 (')

900 (2)

270 (2)

880 CO

To-
tal.

Cuttings.

1913

Cuttings.

To-
tal.

Aver-
age

yield,

all

years.

Medicago sativa:
Grimm

Do
Common
Turkestan

Medicago fcilcata:

8. P. 1.20717 3

8. P. I. 24452 3

1,.560

1,.500

1.050
1,310

1,6.50

2,780

,520 2,020
5ti0 1,010
730 2,010

1,6.50

2,780

1,070 4,280'2,140 2,600
860 4,1202,780 2,210

1,010 4,080 2,9601,780
900:4, 050l2, 420 1,410

270 2,681
880 4,819

9,020
9,910
8,820
7,880

2,681
4,819

1,120
1,450
1,400
2,800

1,710
2,720

1,860
1,660
1,770
1,250

380 3,360
280 3,390
6103, 780
530 4,580

1,710
2,720

3,965
3,845
3; 805
3,850

1,577
2,799

' All plats .sown in 1909 under similar conditions. 2 No .second or third crop secured.
3 Yield in 1910 considerably increa-sed by weeds.

It is clearly shown in Table VIII that the average yield of Medi-

cago falcata is appreciably lower than the yields of the varieties of

Medicago sativa. Only during the unfavorable years of 1910 and
1911 did the former eciiial or approach the latter in total hay produc-

tion, and this was due largely to the growth of weeds that developed in

the plats. In 1910 a very light second cutting of (Jrimm, common,
and Turkestan alfalfas was obtained, but in 1911 only one cutting

was secured.

In y<'ars that iire finornhlc I'oi- the production of only one crop,

tiie best hay forms of Medicago falcata may produce as heavy yields
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as the varieties of Medicago sativa, and in some cases even greater

yields. But where the supply of moisture is normally insufficient

to produce more than one cutting a season, there is real doubt as

to whether the culture of alfalfa is warranted except on a limited

scale. It will be noted from Table VIII that in none of the years

was more than one cutting of Medicago falcata produced, while in

1912 and 1913, years with favorable growing seasons, the three cut-

tings of Medicago sativa gave a total yield far in excess of that

obtained even from the best number of Medicago falcata. In these

years the Medicago falcata plats produced some growth after cutting,

but not sufficient to be harvested by field machinery. The data in

the table are supported by the results obtained by the North Dakota
substation at Dickinson, N. Dak. {6J{), and by tests at Lacombe,

Alberta, and Indian Head, Saskatchewan m).
Estimates of yield jDer acre based on yields of hay from widely

spaced individual plants harvested by a hand sickle are more favor-

able to Medicago falcata than are the data obtained from fields har-

vested by machinery. Medicago falcata in hills 3 feet or more apart

has a tendency to produce larger plants than Medicago sativa under

such conditions. While its recovery after cutting commonl}^ is slight,

it is frequently suflScient to permit harvesting by means of a sickle,

which perceptibly increases the total yield of the season.

FEEDING VALUE.

Data procured from the various regions where Medicago falcata

grows naturally in considerable abundance indicate that it is re-

garded as of high feeding value. The reports of Nilsson from

Sweden ; Prof. Williams,- of Moscow ; Mr. M. S. Bogden, a Kussian

agronomist, Krassny Koot, Samara Government, Russia ; David {18)

from Mongolia; Galwan^ from India; and Hansen and Meyer from
numerous parts of Asia are on this point at least very favorable, if

not enthusiastic.

There appear to be no available records of definite feeding tests

in which Medicago falcata has been carefully compared with com-

mon alfalfa or other standard forage crops. If chemical analyses

are accepted as an indication of the feeding value, it is reasonable

to assume that this species is at least as nutritious as Medicago sativa.

Analyses were made of samples of the former grown at Highmore
and are given here mainly for comparison with the average of

numerous analyses of the latter. (Table IX.)

^In a letter on file in the United States Department of Agriculture.
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Table IX.

—

Chemical analyses of Medicayo falcata and Medicayo sativa}

Group.

Chemical composition on water-free basis (per cent).

Species and S. P. I. No.

Ash.
Ether

extract.
Protein.

Crude
fiber.

Nitrogen-
free

extract.

Medicago falcata:

20717 1

1

2
2

3

3

3

3

8.90
9.75
7.80
8.13
8.64
10.10
9.35
7.81

8.07

2.97
2.14
1.63
1.81
1.51
1.54
1.70
2.30

2.40

21.61
19.62
17.60
16.02
17. 65
18.26
19.94
17.21

15.61

21.51
29.19
33.77
36.98
33.14
30.38
33.81
31.96

27.40

44.99
20725 39.27
20718 . 39.17
2i452 37.03
20721 39.04
20722 39. '/O

28070 35. 17

28071 40.67
Medicago sativa:

Average of 21 samples ^ 46.61

1 Analyses made in the Miscellaneous Laboratory of the Bureau of Chemistry, Department of Agriculture.
2 From Farmers' Bulletin 339, p. 28.

The analyses indicate a remarkable uniformity in the chemical

composition of the various forms of Medicago falcata and a some-

what higher protein content than is found in the average of 21 sam-

ples of Medicago sativa. The relatively large proportion, by
weight, of leaves to stem and the degree to which the leaves are

retained on the cured plant doubtless have a bearing on this point.

The fresh leaves of practically all the forms of Medicago falcata

are rather bitter, and this characteristic may affect to some extent

their palatability, and incidentally their feeding value. Observa-

tions, however, indicate that animals eat the hay with avidity, and

Meyer is of the opinion that the hay is even more palatable than

that made from common alfalfa. The percentage of crude fiber in

the suberect forms of the species is appreciably higher than in varie-

ties of Medicago sativa and doubtless reduces their nutritive value

to some extent.

Summing up the evidence briefly, it is reasonable to conclude that

Medicago falcata. is a highly nutritious forage plant and approxi-

mately equal to common alfalfa in feeding value.

CULTURAL INVESTIGATIONS.

Strictly speaking, the cultural investigations that have been con-

ducted with Medi/;ago falcata have not been extensive, owing partly

to an insufficient supply of seed for large plantings and partly to

the fact that other lines of inv^estigation have been, and still are,

considered of much' more importance. Broadcast seeding in rows

sufficiently spaced for cultivation and seeding and transplanting

in widely .spaced hills have been tested and the behavioi- of the

various forms of the species observed under these conditions. In

each case corripai'isons with common alfalfa were made as fully as

f)OKsible.
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BROADCAST SEEDINGS.

A serious difficulty was encountered in obtaining a satisfactory

stand in tests where broadcast seeding was employed, owing primarily

to the high percentage of hard seed and the slow early growth of

the seedlings. Reasonably good stands were obtained, however, at

Brookings in May, 1909, as the result of sowing on well-prepared

land at the rate of 10 pounds per acre without a nurse crop. One
of the plats had a thin stand for the first tAvo years, but as the plants

became older the low crowns spread sufficiently to produce a thick

stand. (Fig. 20.) Such a condition rarely, if ever, obtains in the

case of Medicago sativa. A stand of this species, thin at the outset,

usually becomes thinner as time elapses. While the individual plants

Fig. 20.—A plat of Medicago falcata, Brookings, S. Dak., sown broadcast in the spring

at the rate of 10 pounds to the acre.

become larger with age, the mortality in common alfalfa is sufficient

to seriously deplete the stand.

In broadcast seedings the procumbent forms of Medicago falcata

are inclined to be more nearly erect than in hills or row plantings,

but even where good broadcast stands are obtained, the procumbent

tendency is still sufficient to occasion considerable loss in harvesting.

(Fig. 21.) In plats where Bronvus inermis had volunteered, the

loss in harvesting was appreciably diminished and a material increase

in total yield was obtained. (Fig. 22.)

So far as may be determined from preliminary investigations, it

would appear that although more difficulty is experienced in ob-
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taining a satisfactory stand from broadcast seeding, the cultural re-

quirements of Medicago falcata are essentially the same as those for

Medicago sativa.

CULTIVATED ROWS.

There is nothing unusual in the behavior of Medidago falcata in

cultivated rows. The yields of both hay and seed bear approxi-

mately the same relation to the jdelds of Medicago sativa under such

conditions as they do in broadcast sowings. The poor germination

of the seed and the slowness of growth of the seedlings occasion diffi-

culty in the cultivation of the row^s while the plants are young.

This can be obviated to some extent by mixing with the seed a small

Fig. 21.—A broadcast plat of Medicar/o falcata after cutting with the mowing machine.
Note the failure of the mower to cut many of the decumbent stems.

quantity of some quickly germinating seed that produces large

seedlings which disappear before endangering the alfalfa plants.

In experimental plantings, refuse radish seed has answered the pur-

pose very well, but such seed is not available for planting on a field

scale. A 42-inch row has given very satisfactory I'esults in tests. On
account of the spreading habit of most of the forms, rows appre-

ciably closer than this would be somewhat difficult to cultivate after

the first two or three years.

HILLS.

Tn sonic respects Medira{/o falcata is better suited (o cuHivation in

widely spaccfl hills than Medicago Hatiiui.. The larger development

of the crown of the former is an important factor in this connection.
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At Brookings, plants of S. P. I. Nos. 20717 and 20725 in hills 24 by

36 inches spread to such an extent in four years that it became im-

possible to cultivate between the rows. In the case of these introduc-

tions the diameters of the crowns were fully twice those of the broad-

est crowns of the ordinary alfalfas. While these numbers represent

the most spreading forms of the species, even the most erect forms

produced a very large crown under such conditions. (Fig. 23.) It

appears quite probable that when grown in hills the best hay forms

of Medicago falcata will produce a better yield than Medicago sativa

where conditions are favorable for only one cutting of the latter.

However, under conditions such as ordinarily obtain at Highmore,

Fig. 22.—A broadcast plat of Medicago falcata in whicli awnless brome-grass {Bromus
inermis) has volunteered. The brome-grass has a tendency to cause the Medicago

falcata to grow more erectly.

the data indicate that Medicago sativa^ even in cultivated rows or

broadcast, will produce" a heavier yield than Medicago falcata grown

in hills 44 by 44 inches. At Brookings, S. P. I. Nos. 20717 and 244.52

produced a heavier yield when the plants were grown in hills 24 by

36 inches than when grown in broadcast plats. On the other hand,

common alfalfa produced a heavier yield in broadcast stands than in

cultivated rows or hills.

TRANSPLANTING.

The transplanting of alfalfa has been suggested as a partial solu-

tion of alfalfa problems in sections having severe conditions of cold

and drought. There are serious economic difficulties in the general

adoption by farmers of this method of culture. Since economic con-
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ditions are constantlj^ changing and are nowhere precisely the same,

it seems well to give consideration to transplanting or to any other

cultural method that offers even remote possibilities. The cost inci-

dent to transplanting practically restricts the method to planting in

hills. As previously pointed out, Medicago falcata lends itself well

to this type of planting on account of its ability to spread and pro-

duce a broad crown. In addition, it apparently bears resetting better

than Medicago sativa, which is a very important consideration.

Should transplanting ever become popular, it will offer an opportu-

nity for selected strains of Medicago falcata to compete with the bet-

ter varieties of Medicago satica.

Fkj. 23.

—

Medicafja falcata planted in hills 42 by 42 inches. When planted in this way
the crowns make a very large developiiK-nt.

SEEDING ON THE RANGE.

The possibility of utilizing Medicago falcata in native pastures

and on the range has appealed to many of the investigators who are

familiar with the haljits of this species in its native habitat. Both

Hansen and Meyer, who have studied it in Russia and Siberia, are

convinced that it can be made a valuable addition to our list of

native grazing plants, especially in the northern portion of our

Great Plains area. Since 1909 various tests have been conducted

with it on unljroken sod. In a majority of cases the results have

been of a somewhat negative character, although in comparatively

few were the sowings a total failure. In the spring of 1912 rod-

scjuare plats in the native pastures of the Ilighmore substation were

.sown with tlie most promising forms of the species, with Grimm al-

falfa in check plats. The seed was scattered upon the surface ol'

the ground without any preparation of the soil. In 1913 a few small
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plants of Medicago falcata were in evidence, but their ability to

maintain themselves at that time seemed very doubtful. However,
in 1914 some of the plants had reached a considerable size and prom-
ised to become well established in the prairie sod. Apparently, only

a very few plants of the Grimm alfalfa developed. Similar experi-

ments are being conducted at many points throughout the Great

Plains region. While the results so far are not particularly encour-

aging, the method is worthy of trial. Plants of Medicago falcata are

normally found so sparsely scattered in other native vegetation in

those parts of Europe and Asia where the species grows that they

do not furnish any great amount of grazing per unit area. However,
in a new environment, such as this country offers, it is possible that

the species may become much more aggressive than it is in its native

habitat.

POSSIBILITIES IN SELECTION AND HYBRIDIZATION.

While there are important agronomic data still needed on Medi-

cago falcata as it is introduced from Europe and Asia, it is reason-

ably certain that the greatest possibilities of the species lie in breeding

for the development of hardy and drought-resisting strains. Selec-

tion alone offers only limited possibilities, but hybridization and
selection together offer abundant opportunities for originating new
and improved varieties.

SELECTION.

As they were introduced, the lots of seed of Medicago falcata

contained a mixture of forms, and while certain of them showed

considerable uniformity the majority represented such a complex

that it was scarcely possible to determine the predominating type.

There is already conclusive proof of the value of selection in the

separation and development of superior strains of this species. Forms
exist that approach Medicago sativa in erectness and general agro-

nomic characteristics, and by the propagation of such forms it is

possible to establish a fairly uniform strain superior to the mixed

lots originally introduced.

There are several areas in this country where dry-land farming

is practiced that are unfavorable for the production of more than

one cutting of alfalfa a season. If the crop can be grown profitably

in these sections, even if only one cutting is produced, there may be

use for select strains of Medicago falcata. However, under the

above conditions pure strains of Medicago falcata will meet with

keen competition from hybrids of Medicago sativa and Medicago

falcata^ since certain of the hybrids probably are nearly or quite as

resistant to cold and drought as are the pure strains of Medicago

falcata. Furthermore, they possess the additional advantage of
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yielding more abundantly. Unless a pure strain of Medicago falcata

that "will produce two or more cuttings in a season can be developed

by selection, this method alone is limited in the scope of its usefulness.

When the need arrives for special strains of alfalfa for pasturage

it doubtless will be met to some extent by selection from the low-

growing and spreading forms of the species. Hybrid strains might

have some difficulty in competing sviccessfully with such selections,

even though they do not recover quickly after cutting.

HYBRroiZATION.

TVhile pure strains of Medicago falcata for hay and pasture may
find a permanent place among our cultivated crops, it is not in this

role that the species promises to become important. Its greatest

value lies in its ability to form fertile hybrids with Medicago sativa.

This conclusion has been quite generally reached by those who have

investigated the species carefully and who appreciate the important

part that it has taken in the development of our commercial strains

of alfalfa. An examination of early botanical and agricultural

literature indicates that it was common in Europe many centuries

ago, and probably it has hybridized with Medicago sativa since an

indefinitely remote date. The effect of this on our commercial strains

of alfalfa is difficult to estimate. The origin of our more or less dis-

tinct varieties of commercial alfalfa has not as yet been well deter-

mined. The readily recognizable hybrids have been roughly assigned

to what is known as the variegated group and it has been assumed

that those which do not show variegation in color of flowers are

pure strains. Careful investigations may reveal at least a trace of

Medicago falcata in the parentage of many distinct commercial

varieties. Its part in the development of the well-known Grimm
alfalfa has been fully discussed and generally recognized. Instead

of indicating the possibility of developing better strains by hybridi-

zation, this recognition has had a tendency to create the impression

that the chances of producing anything better than the Grimm
variety through hybridization are very remote. There is, however,

good ground for taking the opposite view.

The st(jck from which Grirnm alfalfa originated came from Baden,
Germany, and in all probability had been produced there for many
seed generations. The hyl)ri(lization which took phice in the develop-

ment of this stock was doubtless a more or less continuous process in

which the local forms of Medicago falcata were the only forms con-

cerned. There arc nunier-ous for-ms not found in that poT'tion of

Europe, and th(* [)ossibility of ol)taining iiybj'ids between certain of

these and good forms of Medicago sativa seems to offer a particularly

promising field.
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With the Grimm variety as an example of what may be accom-

plished through the aid of the southern forms of Medicago falcata^

even better results may be expected from the crossing of good north-

ern forms with Medicago sativa. Some very promising hybrids

have already been made between the Peruvian and Arabian alfalfas

and a fairly erect type of Medicago falcata similar to the form illus-

trated in figure 17. These hybrids combine valuable characters, in-

cluding to a rather remarkable degree the quick recovery and growth

of the Peruvian and Arabian varieties and the low croAvn and abun-

dant tillering of Medicago falcata. Furthermore, they have proved

to be reasonably hardy at Highmore. The advantages of such hy-

brids can readily be appreciated.

The proliferating root character, as found in certain forms of

Medicago falcata., has only recently been observed in this country.

By the use of this character, high-yielding strains may be originated

that will be especially resistant to severe climatic conditions and

actually aggressive on soils of fairly loose texture.

The above are only a few of the possibilities that are offered to the

plant breeder by this diverse species, and those who fail to see beyond

its agronomic defects as it exists in its natural state are missing an

opportunity in the field of plant breeding.

AETIFICIAL AND NATURAL HYBRIDIZATION.

There are two ways of utilizing Medicago falcata in the develop-

'

ment of hybrid strains of alfalfa ; namely, in the making of natural

and of artificial hybrids. The latter is the more definite and promis-

ing method, but the former unquestionably offers possibilities. In the

making of artificial hybrids both parents may be carefully chosen

and rigid selection made in the progeny. While the expense incident

to this method is considerable, satisfactory results can be secured

from it in a much shorter time than from the latter method. Polli-

nation by artificial means is easily accomplished, either by what is

termed the depollination method or by tripping the flower of the

plant selected for the female parent on a knife blade or similar instru-

ment upon which pollen from another plant has been collected. On
account of its comparative simplicity the latter method is generally

preferred. It appears to be true that the pollen of Medicago falcata

is prepotent over that of Medicago sativa on the stigmas of the latter,

and vice versa. At any rate, there is very little difficulty in effecting

reciprocal crosses between the two species. Methods of pollination

have been fully discussed in bulletins of the Department of Agricul-

ture {If-G) and other institutions.

The fact that the hybridization which has produced the variegated

commercial strains of alfalfa has been the result of natural agencies

leads to the belief that with careful work still better results may



\

MEDICAGO FALCATA, A YELLOW-FLOWERED ALFALFA. 59

be obtained. In sections where climatic conditions are reasonably

favorable for seed production, hybrid strains could soon be developed

by establishing a few plants of Medicago falcata in a field of Medi-

cago sativa or in the fence rows and margins of the fields. A hetero-

geneous collection of hybrids would develop from this method, but

with the assistance of natural eliminating agencies appreciable good

would result, especially in sections wher6 drought and winterkilling

are important factors.

DIFFICULTIES IN ESTABLISHING NEW STRAINS.

The difficulties in establishing a new variety or strain of alfalfa

must not be underestimated. There are three important factors that

seriously interfere with the maintenance of pure strains of this crop

;

namely, the open fertilization of the flowers, the lack of distinct

varietal differences in seed and other botanical characters, and the

mixing of the seed either as the result of careless or unscrupulous

handling. With regard to the first-mentioned handicap it has been

suggested that only one variety of alfalfa be grown in a conmiunity,

and in this way the chances for the contamination of the strain

through the medium of cross-fertilization with other strains would

be reduced to a minimum. Under present conditions, this plan is

not feasible, since it would be difficult, if not quite impossible, to get

farmers to organize properly for such a purpose.

A wide difference of opinion exists as to the effect on the characters

of a given strain of the cross-fertilization that takes place in alfalfa

under average field conditions. Brand {13) offers it as an expla-

nation for the failure of a certain lot of Grimm alfalfa to survive

the winter to the same degree as other lots of this variety tested

with it, even though it had been directly exposed to cross-pollina-

tion for only one seed generation. Oliver ^ is likewise of the opinion

that the cross-pollination that normally takes place in alfalfa is a

serious detriment to the establishment of superior strains, and he

cites the case of Peruvian alfalfa in the Southwest in this connection.

Field observations, however, do not seem to justify the belief that the

Peruvian variety will soon lose its identity through cross-fertiliza-

tion in the Southwest. In fact, there is no appreciable evidence that

deterioration has occurred from this cause. That strains of alfalfa

will k>se their distinct characteristics as the result of continued cross-

ing with other strains can scarcely be (juestioned, some strains \wv-

haps being more susceptible than others. It also appears to be true

that it is a mistake to attempt to breed alfalfa along narrow lines.

Taking everything into consideration, it is safe to (^onchide that the

first of tiie three factors mentioned is the least imf)ortant.

' In iin mipiilillHhi'd luiix-r.
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Lack of distinct differences in the appearance of A^arieties, espe-

cially in seed characters, handicaps the promotion of new alfalfas.

Striking differences excite interest on the part of farmers, while lack

of them affords opportunity for fraudulent practices in connection

with the sale of seed. Unless a variety is markedly different from

one that is commonly grown, either in general appearance or in adap-

tation to certain conditions, farmers are not apt to take more than a

passing interest in it. The real differences between varieties are

not always visible. Hardiness and drought resistance, while highly

important characteristics, can not be readily determined. Fortu-

nately, the so-called variegated group, containing readily recogniz-

able hybrid alfalfas and including our hardiest and most drought-

resistant strains, is sufficiently distinct from the common, Peruvian,

and Arabian groups to be recognized by those who are familiar

with these groups. This lessens the confusion and has a tendency to

discourage to some extent the practice of seed adulteration and mis-

branding.

There are at present several commercial strains belonging to the

variegated group, which complicates to some extent the establishment

of new strains of this broad group. However, the newly created

varieties resulting from a cross between Medicago sativa and Medi-

cago fdlcata have a preponderance of variegated flowers unless

selected to a narrow type, and this assists in distinguishing such

strains from the Grimm and similar older strains.

Careless planting, harvesting, and cleaning, and, most important

of all, the willful substitution and adulteration of seed, soon undo
the work of careful breeding. These are the most serious handicaps

to the permanency of a new and superior variety. A considerable

degree of carelessness is certain to result, and the high price at which
seed of new varieties commonly is held offers a strong inducement for

fraud. Regardless of the care that has been taken and the warnings

that have been issued, there are thousands of pounds of seed of other

varieties sold annually under the name of Grimm. Properly drafted

and administered seed-control laws assist in keeping down such prac-

tices, but in many cases positive proof of fraud can not be produced

until after the harm has been done.

Since it would seem that the life of a distinct and superior variety

of alfalfa under our present conditions is not long, it is more advan-

tageous to develop continuously new varieties than to endeavor to

perpetuate pure stocks of the old ones. This leaves a large field for

the various forms of Medicago falcata. Even if the hybrid strains

that are now used can not be improved upon, there will be need for

new ones to take their place when they have lost their identity

through mixing with other strains.
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PRESENT AGRONOMIC STATUS.

The investigations of the Department of Agriculture on a large

number of forms of MecUcago falcata during the past eight years

have not determined definitely their agricultural status, but they

indicate quite clearly the roles which they may be expected to fill

while our economic conditions remain substantially as they are at

present. In an endeavor to make clear the agricultural status of

these new alfalfas as it appears at this time, a summary is here pre-

sented, in which are set forth the important difficulties in the way
of their utilization, together with a brief discussion of their advan-

tages and possibilities as cultivated forage crops.

Slow recovery after cutting, resulting in the production of only

one crop of hay in a normal season, is a characteristic of all the forms

of the species under observation, with the possible exception of

certain introductions from India. This is perhaps the chief handi-

cap to their becoming generally cultivated, as it limits the yield to

a point of doubtful profit. The decumbent habit of most forms is

not characteristic of all, there being some that are sufficiently erect

to be harvested successfully by field machinery. Lack of erectness,

therefore, can not be considered as an objection to the species as

a whole.

A difficulty, however, of no small importance is found in the seed

habits of this species. The quantity of seed that can be successfully

harvested under the most favorable conditions is small compared
with that from common alfalfa, and the percentage of hard seed is

so high as to require a considerable quantity at the time of seeding

to secure a satisfactory stand. The high percentage of hard seed,

together with the slow growth of the seedlings, makes it difficult to

obtain a good stand and maintain it against weeds, especially under

r-onditions of broadcast seeding. The minor objections to Medicago

falcata as a cultivated crop have already been pointed out and need

not be dwelt upon further.

The systematic introduction of the species was prompted by a

desire to find .strains of alfalfa sufficiently hardy and drought resis-

tant to grow successfully in the colder and drier portions of the

country. Apparently, many of these forms are able to withstand

severe conditions of cold and drought, to the extent at least of main-

taining an existence, and in much of the area where dry-land farm-

ing is now [)racticod the best strains will produce one cutting in a

sea.son from planting in hills and rows, if not from broadcast

seedings.

Thei-c are (wo very ini|)or'tant questions that pi-escnt tlieinselves in

this connection. (1) Will these new alfalfas produce one good cut-

ting annually in sections now considered too dry for successful
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agriculture? No encouraging answer can be given to this question

at the present time. (2) Will the yield from the one cutting that

they may be expected to produce be sufficiently large to make their

extensive culture profitable? The answer in this case is not very

optimistic. It is quite probable, however, that conditions exist under

which a limited area of alfalfa would be valuable, even where only

one cutting, of a ton or somewhat less per acre, is all that could

be expected in a season. If this be true, certain of the best hay-

producing strains of Medicago falcata may have an advantage under

such conditions over the best strains of Medicago sativa that are now
available, not only because of their hardiness and drought resistance,

but also because of their apparent ability to produce a somewhat
heavier yield from the one cutting. But whether they possess a

material advantage over the best hybrids of the two species is by no

means certain.

Economic conditions are slowly changing. The feasibility of

establishing alfalfa fields in dry areas where agriculture is precarious,

either by seeding or by the transplanting of seedling plants, is now
being considered. The varieties of Medicago falcata lend themselves

well to this type of culture. In widely spaced hills the individual

plants make a very large development, and the young plants bear

transplanting better than plants of Medicago sativa. The time for

the extensive culture of alfalfa in hills for forage is probably very

far distant, as is the extensive growing of the crop under any system

of culture in sections where only one cutting can be procured each

season, so that the alfalfa problem is by no means solved by the

securing of so-called hardy and drought-resistant strains. To become

generally useful these alfalfas must produce a sufficient yield to be

profitable and to compete with the cereals and other crops that can

be utilized for forage.

To what extent Medicago falcata will be found of value in con-

nection with the improvement of our native pastures and ranges can

not definitely be stated at this time. The field is a very broad one,

and critical data are still wanting. The results of investigations to

date, however, do not warrant any considerable degree of optimism.

Experimental plantings on native sod have been established, but the

plants so far have failed to exhibit the aggressiveness that is neces-

sary to make them valuable. Under cultivation in the more favorable

sections the species oiffers somewhat greater promise. Its forms

possess certain characteristics that fit them for pasturage purposes.

The spreading habit and development of rhizomes and proliferating

roots enable them to endure grazing and trampling to a considerable

degree. For pasture, as well as for the production of hay, however,

their slow recovery makes it very doubtful whether they will be able

to compete successfully with the better hybrid strains.
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It is in the field of plant breeding that Medicago falcata offers its

gi-eatest usefulness, and in this field its possibilities have been only

partially developed. Our most hardy and drought-resistant alfalfas

have been developed as a result of natural hybridization with 'Medi-

cago sativa and subsequent natural selection. By the artificial cross-

ing of Medicago sativa with forms of Medicago falcata that possess

striking and valuable characteristics, such as are offered by the

abundant material now available, it has already been demonstrated

quite definitely that strains of alfalfa appreciably superior to even

the best now available can be originated. Furthermore, it is now
generally recognized that the only practicable way of maintaining

superior strains is by developing new ones continuously. The whole

field of investigation so far as Medicago falcata is concerned is still

open to those who are amply equipped, both financially and by train-

ing, to do careful investigational work. It is believed that the burden

of the development of this species to the point where it can be suc-

cessfully utilized should fall on the United States Department of

Agriculture, the State agricultural experiment stations, and similar

institutions, and not on the farmer. Furthermore, the farmer is

advised to go to no great expense in procuring seed of the forms of

the species now available, since the returns which he might reason-

ably expect will scarcely be commensurate with the expense involved.

The breeding work is being done as rapidly as possible, and just as

soon as it has reached the point where promising strains, either pure

or of hybrid origin, have been perfected, they will be made available

to the public.

SUMMARY.

The first importation of Medicago falcata into the United States

of which there is a record was made in 1897. The first systematic

introductions for the purpose of utilizing the species as a cultivated

forage crop were made in 1906 by Prof. N. E. Hansen under the

auspices of the United States Department of Agriculture. Since

that date many lots of seed representing various forms of the species

have been introduced by Prof. Hansen, Mr. Frank N. Meyer, and

various others. Approximately fifty lots have been introduced,

mostly from Kussia and Siberia.

At the present time Medicago falcata is found growing without

cultivation in most parts of Europe and the western two-thirds of

Asia. Over a large portion of this area it probably is indigenous.

It is found throughout a wide range of soil and climatic conditions

jirifl at depressions and elevations ranging from below sea level to

l'i,000 feet above. It is much wider in its adaptations than Medica/jo

Hutiva.
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The species was recognized by botanists early in the history of

modern botany, if not long before. Eecent botanists differ somewhat

with regard to its taxonomic relationship to Medicago sativa. Some
give it the rank of a true species, while others regard it as a variety

or subspecies of the latter. The natural relationship of the two,

however, is quite clearly shown by the readiness with which they

hybridize and the fertility of their hybrids.

It is an extremely variable species, many forms of which are diffi-

cult to classify satisfactorily on account of their varying combina-

tions of characters and the difficulty of determining whether they

are of pure or hybrid origin. A classification or grouping has been

attempted in this paper largely upon the basis of habit of growth.

Four groups have been established, ranging in habit from prostrate

to almost erect. The first two are referred to as pasture groups, as

they are not sufficiently erect to be harvested satisfactorily for hay
by machinery. The last two are sufficiently erect to be harvested for

hay and are referred to as hay groups.

Botanists have named and described several varieties of the

species, many' of which have proved to be hybrids of Medicago

fcdcata and Medicago sativa.

Medicago falcata has never been extensively cultivated in Europe
or Asia, although it has been utilized as a wild forage plant since a

very early date. Many attempts have been made to grow it under

cultivation in Europe, but so far as can be found it is now being

cultivated only in India and, possibly, to a very limited extent in

southeastern Russia and Chinese Turkestan.

Numerous common names have been proposed for the species, but

so far none is satisfactory. The name by which it is most gen-

erally known in this country is yellow-flowered alfalfa. It is prob-

able that this name will finally be adopted.

The erect forms of Medicago falcata resemble very closely those

of Medicago sativa in their mass effect, but on an average they pro-

duce a heavier yield in comparison with their bulk, partly because

of the more numerous stems and partly because of the texture of

their herbage. Under similar conditions of soil and stand of plants

the best strains of Medicago falcata frequently outyield the best

varieties of Medicago sativa for the first cutting of the season.

A very serious drawback to the general utilization of Medicago

falcata as a cultivated forage crop is its inability to recover quickly

after cutting. Under conditions such as exist in the West and

Northwest, where it appears to offer its greatest possibilities, it can

be depended upon to make only one crop in a season. It produces

seed sparingly and does not hold it as retentively as does Medicago

sativa. This is also a serious handicap to its use as a cultivated' crop.
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The natural range of distribution of the species, its specific adapta-

tions, and its behavior under field conditions in this country warrant

the conclusion that it is relatively hardy and drought resistant.

Chemical analyses and general feeding tests indicate that it is

approximately as valuable from a feeding standpoint as common
alfalfa.

The cultural requirements of Medicago faXcata appear to be much
the same as those of Medicago sativa. On account of the hard seed

which the former produces and the slow growth of the young plants

it is difficult to secure a satisfactory stand from seeding, either broad-

cast or in rows. When grown in broadcast stands the procumbent
forms are inclined to be more nearly erect than when grown in rows
or hills. The plants of this species bear transplanting better than

do those of Medicago sativa.

Data from broadcast plats of Medicago falcata and Medicago
sativa indicate that in seasons when only one cutting of the latter

can be procured the former produces the heavier yield, but in favor-

able seasons, when two or more cuttings can be procured, the latter

excels appreciably in yield.

Sowings of Medicago falcata have been made on unbroken native

sod land and a fair stand of plants secured. The plants appear to

lack sufficient aggressiveness to make them really valuable under

such conditions.

The greatest possibilities offered by the species appear to be in

the field of selection and hybridization. In a few cases it is prob-

able that the development of promising pure strains by selection

will prove to be advantageous. As the result of hybridizing with
Medicago sativa and subsequent selection it is believed that superior

varieties of alfalfa can be developed and that the greatest value of

the species is for this purpose.

Much time and effort will be required before Medicago falcata

will be ready for general cultivation.
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INTRODUCTION.

During the past four years the Bureau of Entomology has main-
tamed a field laboratory at Roswell, N. Mex., for the purpose of in-

vestigating the hfe history and habits of the codling moth, Carpocapsa
pomonella h., under semiarid conditions in the Southwest, and for the

purpose of caiT3dng out experiments in orchards for its control.

Especial attention was given to the life history of the insect in that

region duiiiig 1912 and 1913 in addition to extensive spraying opera-

tions in orchards. During 1914 and 1915 the work has been limited

to orchard experiments.

Tlie Pecos Valley, in the vicinity of Roswell, comprises an im-
portant fruit-gi'owing section especially devotcnl to the cultivation of

apples and pcui-s. The codling moth in this region, due to tlie mild
climate, is able to develop thrcse and pr(>l)a])ly four l^roods of larvaj

each season and is hence extremely injurious. The present investi-

gation by th(! Bureau of Entomology will furnish ncu^xhul information

to the orchardists of tlie Pch^os Valley in N(>,w Mexi(;o for tlie control

of the codling moth, and the results .should be applicable to similar

regions in the; Southwest gciiierally.

bSSSS'—huiL 42'J—17 1
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This bulletin deals with the life history and habits of the codling

moth, giving the results of observations in 1912 and 1913. Results

of spraying operations during those years have been given in Bulletin

No. 88 of this department. Subsequent experiments in orchards

will be reserved for a later pubhcation.

During the season of 1912 investigations were conducted by Mr.

A. G. Hanunar, assisted by Mr. E. R.. Van Leeuwen. Mr. Hammar
was also in charge of the work during 1913 and was assisted by Mr.

L. L. Scott and the junior author. Messrs. R. J. Fiske and H. G.

Ingerson rendered valuable assistance in connection with the prepara-

tion of the tables in the present paper. Owing to the death of Mr.

Hammar it devolved upon the writers to prepare for pubhcation

the results of his studies and experiments.

DEFINITION OF TERMS USED.

The terms used herein are practically identical with those em-
ployed in recent former pubHcations of the Bureau of Entomology

on the codling moth. Thus the term "brood" is used in speaking

of individuals of one generation of any stage, as egg, larva, or pupa.

A "generation" is considered to begin with the egg stage and to

terminate with the moth, or imago, stage of the same generation,

thus including aU the stages of the life cycle. The "complete hfe

cycle" includes the time from the deposition of the egg of one genera-

tion to the time of deposition of the egg of the next generation.

Since the wintering larvae of the codhng moth in the Pecos Valley

(as well as in other locahties where there is even a partial second

brood of larvae) are from the different broods produced throughout

the same season, they are referred to collectively as "wintering

larvae," and include all the larvae which do not transform the same
season as hatched.

Similarly, the overwintering larvae when transformed in the

spring to pupae may be suitably referred to as "spring pupae" and
the resulting moths as "spring moths."

The terms used in designating the separate stages may be defined

as follows

:

Wintering larvse may include larvae of the first, second, third, and fourth broods of

the preceding season.

The spring brood of pupae include pupae resulting from overwintering larvse.

The spring brood of moths include moths emerging from the spring brood of pupae.

The first generation includes:

The first brood of eggs;

The first brood of larvae, which includes both transforming larvse and wintering

larvse;

The first brood of pupx, resulting from transforming larvse;

The first brood of moths, which emerge from transforming pupae of the same genera-

tion.
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The second generation includes:

The second brood of eggs;

The second brood of larvse, wMcli includes both transforming larvge and wintering

larvae;

The second brood of pupie, resultiag from transforming larvse;

Th£ second brood of moths, which emerge from pupse of the same generation.

The third generation includes:

The third brood of eggs;

The third brood of larvse, which includes both transforming larvse and wintering larvse;

The third brood of ptipie, resulting from the transforming larvse;

The third brood of moths, which emerge from pupse of the same generation.

The fourth generation (not complete) includes:

The fourth brood of eggs;

Thefourth brood of larvae; none of these larvse transform until the following spring.

SEASONAL-HISTORY STUDIES OF 1912.

The rearing material in the spring of 1912 consisted of a consid-

erable number of overwintering larvse which had been collected at

random in near-by orchards. About 500 larvse were collected in

January and early March, and later in March and in early April several

thousand more were secured from the same source. Some 500 larvse

were transferred to ''pupation sticks" (figs. 6, 7) for pupal observa-

tion, but the mortality among them was imduly high and many of

them failed to withstand the transfer and reconstruction of cocoons.

The overwintering larvse in the spring were found in poor condition,

many being small and feeble, and even in the field a number of dead

ones were found in the cocoons.

A supply of larvse was transferred from the field station at Douglas,

Mich., both for the purpose of introducing the parasitic hymenop-
terous fly Ascogaster carpocajjsae Vier., and to compare the time of

emergence of the moths with specimens native to Roswell, N. Mex.

—

a point of interest in view of the frequent extensive shipment of

larv^ie into localities of variable conditions.

THE SPRING BROOD.

PUPATION OF SPRING BROOD.

The few observations taken on the pupal stage of the spring orood

arc not sufficient for conclusions as to the exact length of the pupal

stage, nor the degree of variation in the spring brood of pupse. The
earliest pupa was found in the field March 15, and the earliest moth
appciircd in cages from field-coUected material Aprd 12, the pupation

period being approximately 31 days. Fully 50 per cent of the insects

wer(! puf)8r! in th(; field })y April 2, and on May 5 about one-lialf of

tli(! riiotlis had emc^rgcd, whi(;h sliows that the pupal stag(i for most

ir)(li\ iduals was about one month. The f)upal stage during the

lultcr half of tlu; j)U|>al period Wiis niiich short<^r. Records of s(^ven

indivi(hjals from March 22 lo May 14, giv(( an av(U"ag(^ of 24.4 days for

th(! pupal stage.
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EMEKGENCE OF SPRING BROOD OP MOTHS.

The time for emergence of moths from Roswell-collected rearing

material was contrasted with that brought from Douglas, Mich., and

it was found that from the Koswell material moths emerged several

days earUer than from material introduced from a more northern

location, but were less regular in the number and time of appearance,

although covering almost the same length of time. The Michigan

moths showed a marked maximum of emergence about May 1 ; other-

wise considerable similarity is noted. In this connection 542 moths

were reared from the New Mexico material and 506 from the lot

from Michigan. The records for emergence for the spring brood are

given in Table I.^

Table I.

—

Time of emergence of spring brood of codling moth, Rostvell, N. Ilex., in

comjxirisoyi vAth emergence of moths from material from Douglas, Mich., 1912. {See

fig-1-)

Date of
emergence.

Number of moths emerging.

Date of
emergence.

Number of moths emerging.

Roswell. Douglas. Total. Eoswell. Douglas. Total.

Apr. 12 ..

13...
14...

15...
16...

17...
18...

19...

20...
21...
22...

23...
24...
25...
26...
27...
28...

29...
80...

May 1...

2...
3...

4...
5...

6...

4

1

1

1

5

5

4

15
13

10
12
26
27
26
13
8

11

10
32
11

11

9
16
23

4

1

1

1

5
5
4

15
13
10
13
28
31

32
17
23
47.

58
78
75

73
28
43
60

May 7...

8...

9...

10...
11...

12...
13...
14...

. 15...
16...

17...
18...
19...
20...
21...
22...
23...
24...
25...
26...
27...
28...

Total..

36
19
28
13
12

25
23
4

5
24
12
14

8
8

8

4

2

I

1

28
15
12
9
9
10
16

10
4

6
6

3
5

2

64
34
40
22
21
35
39
4

5

34

16
20
14

11

13

4

4

2

1

1

2
4

6

4

15
36
48
46
64

62

19
27
37

542 506 1,048

EGG DEPOSITION OF SPRING BROOD OF MOTHS.

In order to secure deposition records on the spring brood, moths
were confined in cages after the first emergence on April 21. From
the 13 moths issuing in cage No. 1, bearing the above date of emer-

gence, the first oviposition occurred April 25—^four days later—and
oviposition continued for a period of three days, the last deposition

in cage No. 1 occurring April 28, seven days after emergence. The
last oviposition recorded for the entire period covered by observations

1 Explanatory note.—It may be well to explain here that each table in this publication should be
considered a unit. Consecutive or successive tables are not necessarily continuations of the life history

of the same individuals. For example, it will be noted that Table XIV is a record of the length of feeding

period of 489 transforming larvae of the second generation, while Table XVI includes observations on
the length of the cocooning period of only 282 larvae of this generation. Differences of this character may
be due to natural or artlflcial causes, such as death of the insects, accidental injury, the removal of
specimens for other purposes, etc.
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occurred June 2. Hence the period of oviposition covered practically

38 days.

By a study of Table II it will be noted that the average number of

days from the time of emergence to the time of first oviposition was
4.4 days; the maximum time 7 days, and the minimum time 2 days.

The average duration of the oviposition period was 5.95 days; the
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Fig. l.—Emergencecurveofthespring brood of the codling moth, Roswell,N.Mex., 1912. (Original.)

maximum 17 days, and the minimum 1 day. The average number of

da3'S from the date of moth emergence to the date of last oviposi-

tion was 10.39 days; the maximum, 21 days; and the minimum, 4 days.

Table II.

—

Egg deposition of codling moths of the spring brood at Roswell, N. Mex.,
1912.

Cage
No.

Number
of moths.

Date of— Number of days-

Emer- First ovi- Last ovi-
Before

first ovi-

position.

Of ovipo-

From
date of

emer-
gence. position. position. sition. gence to

last ovi-

position.

1 13 Apr. 21 Apr. 25 Apr. 28 4 3 7
2 10 22 27 29 5 2 7
'.\ 12 23 28 30 5 2 7

' 4 26 24 26 30 2 4 6
5
6

27
25

2.5

26
29

May 3

4

7May 7 4 ii

7 24 28 2 8 4 6 10
8 4.3 29 ') 8 3 6 9
9 .58 30 4 21 4 17 21
10 m May 1 8 18 7 10 17

U 71 2 7 18 5 11 16

12 70 3 7 18 4 11 15

n .37 .", 18 4 9 13

14 r,<.i 21 3 12 15
1.1 m 7 10 18 3 8 11

16 ;u .S 10 16 2 6 8
17 28 '.) 15 18 6 3 9
18 17 10 17 20 7 3 10

19 30 11 16 21 .f,
f, 1(1

20 23 l:! 18 21 5 3 8
21 11 17 23 26 3 9

22 18 IS 20 22 2 '2 4

23 19 19 22 2.3 3 1 4

24

A

12

veraKn

21 27 Juno 2 (! 6 12

4.4 5. 9,5 10. 39
faximiim. 7

2
17

1

21
4Ilnimum..
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LENGTH OP LIFE OF MOTHS.

Observations were made on the length of Ufe of 335 male moths
and 393 female moths. The average hfe of the male moths was 6.7

days; of the female 8.47 days. The maximum length of hfe of the

male moth was 20 days and of the female 22 days. The minimum
number of days for each sex was identical—2 days.

The records of these observations may be found in Table III.

Table III.

—

Length of life of 728 individual male andfemale codling moths of the spring
brood, Roswell, N. Mex., 1912.

Male. Female. Male. Female.

Length
of life.

Number
of moths.

Length
of life.

Number
of moths.

Length
of life.

Number
of moths.

Length
of Ufe.

Number
of moths.

Days.
2
3
4

5

6
7
8
9
10
11

12

2

11

28
73
72
42
41
24
18
14

5

Days.
2

3
4
5

6

7

8
9

10
11

12

3

10
24
34
48
51
54
47
37
23
14

Days.
13

14
18
20

2

1

1

1

Days.
13

14
15

16

17

18

19

20
22

13

15

5
3

3
2

3

3
1

335 393

Average length of life of male moths, 6.7 days.
Average length of life of female moths, 8.47 days.
Maximum length of life of male moths, 20 days.
Maximum length of life of female moths, 22 days.
Minimum length of life of male moths, 2 days.
Minimum length of life of female moths, 2 days.

THE FIRST GENERATION.

THE FIRST BROOD OF EGGS.

Length, of incuhation.—Observations on the length of incubation

covered a period of one month, extending from April 26 until May
26, being the time when the eggs of this generation occurred in the

field in greatest numbers.

The average length of time from the date of deposition until the

appearance of the red ring was 4.2 days; the maximum, 7 days; the

minimum, 2 days. The average length of the duration of the red

ring was 2.47 days; the maximum, 5 days; minimum, 1 day. For
the duration of the black spot is found an average of 2.36 days, while

the maximum and minimum periods are identical with the correspond-

ing periods of the red ring.

For the period of time covering the duration of incubation, or the

time from date of deposition to date of hatching, an average of 9.05

days is found. The maximum is 13 days; minimum, 5 days. These

records may be found in Table IV.
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Table IV.

—

Length of incubation period of eggs of the first brood of the codling moth,
Boswell, N. Mex., 1912.

Date of

egg depo-
sition.

Date of— Duration of—

Observation No.
Red
ring.

Black
spot.

Hatch-
ing.

Red
ring.

Black
spot.

Incu-
bation.

1 , Apr. 26
26
26
26
28
28
28
29
29
29

May 2

2
3

3

3

4

4

4

4

5

5
6

6

8
8

9

9
10
10
11

12

12

13

13
15
15
16
16
17
17

18
18
19

20
20
21
21

22
22

23
23
23
27
27
30

Apr. 29
29
29
29

May 3
3

3
3

3
3

6

6

7

7

7

10
10
10
10
12

12

12
12
14

14

15
15
16
16

18
18
18
19

19
18
18
19
19

20
20
21
21

. 23
22
22
23
23
24
24

25
25
25
30
30

Juno 2

May 4

4

4

4

5
5

5
5
5
5
9

9
10
10
10
12

12
12

12

14

14

15
15

18
18
18
18
19

19

20
20
20
21
21

20
20
21
21

22
22
23
23
24
24
24
25
25
27
27
27
27
27
31

31

Juno 4

May 6

7

8
9

7

8

9

7

8

9

10
12

12

13
14

14

15
16

17
16

17

17

19

19

20
20
21

21
09

21

21

22
23
24
22
22
22
23
23
24
24
25
25
25
26
26
27
28
29
29
30
31

Juno 2

3

6

Days.
5

5

5
5
2
2

2

2

2

2

3

3
3
3

3
2

2
2
2

2
2

3

3
4

4

3

3

3
3

2
2

2
2

2
2
2

2

2
2
2
2

2

1

2
2

2
2

3
3
2

2
2
1

1

2

Days.
2

3

4

5
2

3
4

2
3

4

1

2

2

3
4

2

3
4

5
2

3
2

4

1

2

2

3
2

3

1

1

2

2
3
2
2

1

2
1

2

1

2
1

1

2
1

2

1

2

2

3
4

2

3
2

Days.
10

2 11
3 12
4 13
5 9
6 10
7 .. . 11
8 8
9 . . 9
10
11 . ....

10

8
12 10
13 9
14 10
15 11
16 10
17 11
18 12
19 13
20 11

12
22 11

13
24 11
25.... 12
26 11
27 12
28 11
29 12
30 ... 10

9
32 10
33 10
34.... 11
35 7
36.... 7
37 6
38 7

6
40 7
41 6
42 7

6
44

6
46 5

6
48 6
49 7
50

7
52 8
53 6
M 7
55. 7

2.47
5

1

2. 36

1

9 05
.Maximum 13
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Time of liatching.—By reference to Table V it will be noted that

the earhest first-brood eggs hatched May 7, and hatching continued

more or less irregularly until June 2, when the last observation was
made. Hence, eggs of the first brood were hatching for a period of

26 days, and were hatching in largest numbers from May 21 to May
26, reaching the maximum number on May 21.

THE FIRST BROOD OF LARVAE.

. Length, offeeding period of larvse —The length of feeding period of

larvae of the first brood was determined from observations with 51

individuals as given in Table V. The average length of feeding was
21.52 days; maximum, 27 days; minimum, 15 days. In this in-

stance the wintering larvse were not isolated from transforming

larvse of the same brood.

Table V.

—

Length offeeding period of larvx of the first hrood of the codling moth, Ros-
well, N. Mex., 1912.

Date of

Num-
ber of

indi-

vidu-
als.

Length of feeding in specified days, being the time from
hatching of egg to the leaving of fruit by larvae. Aver-

age
days.

Mini-
mum
days.

Maxi-
mum
days.

Total
days.

15 16 17 18 19 20 21 22 23 24 25 26 27

May 7
8 .

2
1

3
4

4

18
2

5
9

1

1

1

2 .27
.24

23.6
23.25
22.5
20.6
22
22.2
19.3
23
20
24

27
24
22
21
17
15
21
19
16

23
20
24

27
24

26
27
25
27
23
25
22
23
20
24

54
1 24

12 1 1 1
"\

71
17 2 1

2
93

20. . . 1

2
1

1

90
21
22.

4 1 3

1

2

1

1 2
1

1 1 370
44

23. . . 1

1 2

2 111
26 2 2 174
30. 1 23

1 20
9 1 24

51 1 2 3 2 6 4 9 4 5 5 4 2 4 21. 52 1,098

Larval life in the cocoon.—-The larval fife in the cocoon is generally

considered .to be the time required for making the cocoons, and is

calculated from the time a transforming larva leaves the fruit until

the time of pupation. The results of 41 observations show the

average time consumed in constructing the cocoon as 5.24 days. The
maximum time was 12 days; minimum, 2 days. These records may
be found in Table VI.



LIFE HISTORY OF CODLING MOTH IIST PECOS VALLEY, N, MEX. 9

Table VI.

—

The making of cocoons hy codling-moth larvse of the first brood, Roswell,

N. Mex., 1912.

Date of leaving fniit.

Num-
ber

of in-

divid-
uals.

Length of eocooning period in specified

days. being the fime from the leav-
ing of fruit to the time of pupation. Aver-

age
days.

Mini-
mum
days.

Maxi-
mum
days.

Total
days.

2 3 4 5 6 7 10 11 12

2

3

2
1

1

1

6
5
1

1

4

4

3

3
2

1

1
1 9

6.3
7.5
11

6
6
4.13
6.4
6
3

4
3.75
3.5
5
4.3
4.5-

6
3
5
11
6
6
4
4

6

3

4

3

2

3

4

4

12

10
10
11

6

6
5

11

6

3
4
5

6

7

5

5

IS

3 1 1

1

19

4 1 15

5 . . 1 11

6 1

1

6

7 9
8 1 ] 25
9 9 1 32
10 1 6

11 1 3
12 8

13 "2 2

"i"

1

"i'
1

15

14 1 14

15 15

16 13

19 1 9

41 2 5 13 8 6 2 2 2 1 5.24 2 12 215

THE FIRST BROOD OP PUP^.

Time ofpupation.—The earliest pupation of the first brood recorded

occurred June 1 and the latest July 11. (See Table VII.)

Length ofpupal stage.—From a total of 160 individual insects under

observation in this connection the results show that the pupal period

varied from 9 to 19 days, with an average of 12.11 days. - These
figures are given in Table VII.

Table Yll.—Pupal stage of the first brood of the codling moth, Roswell, N. Mex., 1912.

Date of pupation.

Num-
ber

of in-

divid-
uals.

Length of pupal period in specified
days, being the time from date of
pupation to the emergence of moth. Aver-

age
days.

Mmi-
mum
days.

Maxi-
mum
days.

Total
days.

9 10 11 12 13 14 15 16 19

June 1 1

2
1

1

1

5
3

6
17

5
18
27
12

1 13

12

13

12

14

14.2
14.6
13.8
12.3
12.4
12.0
12.7
13.

4

12. 6
13

11.5
11.2
10. 6
10. 3
10.2
10. f>

10. -t

10.2

10.4

10

9
9
11

12

13

13

12.

13

12

14

13

14
11

11

12

11

12

12

12

13

11

10

10

10

10
10

10

10

10

10

!)

'.)

11

12

13

13

12

13

12

14

16

16

19

14

13

14

14

15

13

13

12

12
12

11

11

11

12

11

11

10

'.)

11

12

13

13
2 2 24
3 1 13
4 12
6 1

3

2

"i'

14
9 1 1

1

71
10 44
11

11

3

6
9

2

4

2

16

3

83
12 209
13 62
11

....

4

2
1

228'

344
10 3 161
17 5

1

2
11

8
3
5

4

2
I

1

1

1

1

63
IS 13
V.) 23
22

....

1

1

4
2
4

2
4

3

3
2

123
23 85
24 31
25 51
2« 63
28 62
j<,i 41

July 1 52
2 •'0

5 i|

8 9
« 11
10 12
II ,f 13

im 2 25 24 It 44 14 4 2 1 12. U 9 19 1,939
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FIRST BROOD OF MOTHS.

Time of emergence.—The records of emergence of first-brood moths

given in Table VIII cover observations with 786 individuals. The
material used in this instance was secured from banded trees m
orchards. ;-

The first moth appeared June 9, while a maximum emergence

occurred June 23, with irregularly decreasing numbers thereafter untU

July 22, when the last observation was made. The total emergence

of 786 moths covered a period of 43 days.

90
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Fig. 2.—Emergence curve of codling moths of the first brood, Roswell, N. Mex., 1912. (Original.)

A graphic description of the emergence of moths of the first brood

appears in figure 2.

Table VIII.

—

Time of emergence of codling moths of the first broodfrom larvse collected

systennaticully from handed trees and hejpt in cages, Roswell, N. Mex., 1912.

Date of emergence.
Number
of moths.

Date of emergence.
Number
of moths.

June 9
11

12

1

6

7

15
15
7

26
21

2
20
32
16
35
86
55
9

29
30
28
-24

32

July 1

2
3

28
34
33
29
15

14

11

11

19
11

12
17
11

10
8
1

9

9
1

1

13 4
14 . . 5

615
16 7

17 8
18 9 .

19 10
11

12
13

20
21

22
23 14
24 15
25 16

17• 26
27 18

19
22

28..
29
30

Total emergence, 786 mothis.

Time of on-position.—By reference to Table IX it will be found

that the earliest deposition by moths of the first brood was made
June 14, while the last oviposition occurred July 23. Hence the

period of oviposition was approximately 40 days.
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Table IX.

—

Egg deposition by codling moths of first brood in stock jars at Roswell, N.
Mex., 1912.

Cage No.
Number
of moths
per cage.

Date of— Days—

Emerg-
ence of

moth.

First
ovi-

position.

Last
ovi-

position.

Before
ovi-

position.

Of ovi-
position.

From
time of

emerg-
ence to
last ovi-
position.

1 12
15
14
9
23
20
16
23
19
27
39
40
37
21

52
35
30
22
25
36
35
42
40
26
20
26
31

22
14
33
9
10
14

June 11

13
14
15
16

17
19
20
21

22
23
24
25
26
27
28
29
30

July 1

2
3
4
5
6

7

8
9
10
11

12
13
14
15

June 14
17
16
18
19
21

23
23
23
25
25
27
27
28
28
30

July 1

2
2
4
5

6

8

8
9

11

12

13
13
15
17
20
19

June 17
27
24
23
22
26
24
27
28
29
29
29

July 2
2
3
6
5
6
8
7

8
9
13
14
12
16
16
19

21
18

21

22
23

3
4
2
3
3

4
4
3
2
3
2
3
2
2
1

2
2
2
1

2
2
2
3

2
2
3
3

3
2
3
4
6

4

3
10
8
5
3
5
1

4
5

4
4
2
5
4
5
6
4
4
6
3

3

3

5

6

3
5

4
6
8

3
4
2
4

6
14

10
8

6
9
5
7

7

7

6
5
7

6
6
8
6
6
7

5

5

5

8

8

5

8

7

9
10
6
8
8

8

2

3
4
5
G
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

32
33

Average 2.7
6
1

4.45
11

2

7.15
14
5

The results given in Table IX show that on an average the first

eggs were laid 2.7 days after the time of emergence of moths and that

oviposition extended on an average to 4.45 days. The average length

of time from the date of moth emergence to the last date of oviposi-

tion was 7.15 days; maximum, 14 days; minimum, 5 days.

Length of life of moths.—A summary of observations on the length

of life of 367 male moths and 411 female moths is recorded in Table X.
A study of this table will show that the longevity of the males was

shorter than that for the females. On an average the males lived

4.44 days and females 6.24 days. The maximum length of life for

the males was 16 days, and for the females 15 days.
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Table X.

—

Length of life of male and female codling moths of the first brood, Roswell,

N. Mex., 1912.

Summary of records of 778 individual
moths.

Summary of records of 778 individual
moths.

Male. Female. Male. Female.

Length

life.

Number
of

moths.

Length

life.

Number
of

moths.

Length
of

life.

Number
of

moths.

Length
of

life.

Number
of

moths.

Bays.

2
3
4

5
6
7

8
9

2
25
72
99
98
48
10
8
2

Days.

2
3
4

5
6
7

8
9

10
25
44
82
87
57
48
27

Days.
10
11

12
13
14
15
16

1

1

1

Days.
10
11

12
13
14
15
16

18
7

2
1

1

2

367 411

Average length of life of male moths, 4.44 days.
Average length of life of female moths, 6.24 days.
Maximum length of life of male moths, 16 days.
Maximum length of life of female moths, 15 days.
Minimum length of life of male moths, 1 day.
Minimum length of life of female moths, 2 days.

LENGTH OF LIFE CYCLE OF THE FIRST GENERATION.

Records of the observations on the hfe cycle of the first generation

show that only 7 individuals completed the stages comprising the

total life cycle of the insect. From this number an average of 51.14

days is found to represent the length of the period from date of

deposition of eggs to emergence of moths of the same generation.

The maximum period is 61 days; the minimum, 40 days. (See

Table XI.)

Table XI.

—

Length oflife cycle offirst generation ofcodling moth, Roswell, N. Mex., 1912.

Date of egg deposition.

Num-
ber
of

indi-
vid-
uals.

Moths emerged in specified days from time
of deposition of eggs of the same genera-
tion. Average

days.

Mini-
mum
days.

Maxi-
mum
days.

Total
days.

40 45 46 52 56 58 61

April 26 1

1

2
2
1

1

i

58
61

54
42.5
46-

68
61
52
40
46

58
61

56
45
46

58
May 10 61

11 1 1 108
20 1 1 85
27 1

1

46
1

7 1 1 1 1 1 1 1 51.14 358

A summary of results from observations on the separate stages of

the first generation of the codling moth shows the total life cycle- of

the insect when computed by individual stages to compare very
closely with the corresponding figures in Table XI, The length of

life cycle by addition of separate stages is found to be 50.62 days as

shown in Table XII, a difference of only 0.54 day.
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Table XII.—Summary of results from experiments on the separate stages of the first

generation of the codling moth, Roswell, N. Mex., 1912.

Complete life cycle of first generation.

Number of days.

Maximum. Minimum.

Incubation of eggs
Feeding period of larvse
Making of cocoons
Pupal stages
Time before egg deposition

Total

9.05
21.52
5.24
12.11
2.7

50. 62

THE SECOND GENERATION.

THE SECOND BROOD OP EGGS.

Length of incubation.—Observations to determine the length of the

period of incubation of eggs of the second brood were begun June 14

and continued until late in July.' Eggs were deposited in large

numbers during that period, and very accurate data regarding the

length of the separate stages observed could be obtained. The
average length of time from date of deposition to appearance of red

ring was found to be 4.92 days; maximum, 4 days; minimum, 2 days.

The average length of time from oviposition to appearance of the

black spot was 4.26 days; maximum, 6 days; minimum, 3 days.

For the period of time covering the duration of incubation an aver-

age of 5.62 days is determined; maximum, 8 days; minimum, 4 days.

These records are found in Table XIII,

Table XIII .

—

Length ofincubation ofsecond brood ofeggs of the codling moth at Rosivell,

N. Mex., 1912.

Num-
ber of

eggs.

Date of— Pays for—

Observation No.
Ovipo-
sition.

Appear-
ance of

red
ring.

Appear-
ance of
black
spot.

Hatch-
ing.

Red
ring.

Black
spot.

In-
cuba-
tion.

1 8
68
17
56
40
15

7
5
2
3
18
70
52
27
42
31
24
24
29
12
80
43
100

June 14

10

16

17
17
18

18

19

19

20
21

22
23
23
24

24
25
25
26
26
27
27
2S

June 10

20
20
20
20
20
20
22
22
23
24
25
2(i

2(;

27
27
28
28
28
28
25)

2!)

July 1

June 20
22
22
22
23
23
23
24
24
24
25
27
27
28
28
28
29
29
30
30

July 1

2

June 21

23
24
23
24
24
25
25
26
25
27
28
28
29
29
30
30

July 1

1

2

2

3
3

2

4

I

3

3

2
2

3

3

3

3

3

3

3

2

3

3

3
2

2
2

2

3

6
6
(i

5

6
5
5

5
5
4

4
5
4

5
3

4

4

4
4

4

1

4

4

7

2 7

3 8

4 6
5. 7
6 6
7 7

B 8 6

i 9 7

1 lo:::::::::::.: 5
11 6

1 12 . 6

i 13

B 14 ...... -m is.......

P 16
17

18

19

20
21

22
23 5
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Table XIII.

—

Length ofincubation ofsecond brood of eggs of the codling moth at Roswell,

N. Mex., 1912—Continued.

Num-
ber of

eggs.

Date of— Days for-

Observation No.
Ovipo-
sition.

Appear-
ance of

red
ring.

Appear-
ance of
black
spot.

Hatch-
ing.

Red
ring.

Black
spot.

In-
cuba-
tion.

24 94
42
27
87
37
22
29
18

216
7

109
82

304
48
187
25
16

2
163
21

297
15

102
77
43
153

SO
14

14
30
67
11

110
22
29
12
82
26
22
6

114
134
8

61

21

5

June 28
29
29
30

July 1

1

2
2
3
3
4
4
5

5
6
6

7
7

8
8
9
9
10
10
11

11

12
12
13
13

14
14

15
15
16
16

17
17
18
18

19
20
20
21
21
22

July 1

2
2
3
3
4
5
5
6
6
7
7

8
8
8

8

10
10
11

11

12
12
13
13
13
14
14
15
15
16
16
17
18
18
18
19
20
20
21
21
22
23
23
24
24
26

July 2
3
3

4
5
6

6

6

7

7

8

8

9
9
10
10

11

11

12
12
13

13

14
14
14
15
16

17
16

17
18
18

19
19
20
20
21
22
22
23
23
24
25
25
25
27

July 4
4

5
5

6

7

7

8

8

9
9
10
10
11

11

12
12
13

13

14
14
15
15
16

15
16

17
18

17
18

19
20
20
21

21

22
22
23
23
24
24
25
26
26
27
28

3

3

3

3
2
3
3
3
3
3

3
3

3

3

2
2
3

3

3

3

3

3

3
3
2
3

2
3
2
3

2
3
3

3
2
3

3

3
3

3

3

3
3

3

3

4

4

4
4

4

4

5

4

4
4

4

4

4

4

4

4
4

4

4

4
4

4

4

4
4

3

4

4

5

3

4

4
4

4
4
4
4

4

5

4
5
4
4
5

4

4

5

6

25 5
26 6

27 5

28 5
29 6

30 5

31 6

32 5

33 6

34 5

35 6

36 5

37 6

38 5
39 6

40 5

41 6
42 5
43 . 6

5
45 6

5
47 6

4
49 5

5
51 6

62 4
53 5
54 5
55 6

5
57 6
58 5
59 6

5
61 6
62 5
63 6
64 6
65 5

66 6

67 5
6

69 6

Average 4.92
4

2

4.26
6
3

5.62
Maximum 8
Minimum 4

Time of TiatcTiing.—The data in Table XIII, show that the first

observation of hatching of eggs of the second brood occurred June

21, and continued quite regularly until July 28, thus covering a

period of approximately five weeks.

THE SECOND BROOD OF LARV^.

Length offeeding period.—Records on the length of feeding period

of 489 individual insects are brought together in Table XIV. This

period covered a range of from 14 to 44 days, both transforming and
wintering larvae being included. The average length of feeding was
found to be 21.23 days; maximum, 44 days; minimum, 14 days.
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Larval life in the cocoon.—The length of the period of time which

the larvae require to construct a cocoon preparatory to pupation or

wintering, is found to vary considerably when large numbers of the

larvae are kept under observation. In Table XVI will be found the

results of observations on 282 individual insects. Of this number 70

larvae required 5 days, and an average period of 5.16 days is found

to exist. The maximum time was 17 days; minimum, 1 day.

Table XYI.— The making of cocoons of the second generation of the codling moth,
Roswell, N. Mex., 1912.

Date of
Num-
ber of

indivict-
uals.

Length of cocooning period ia specified days.
Aver-
age

days.

Mini-
mum
days.

Maxi-
mum
days.

Total
leaving fruit.

1 2 3 4 5 6 7 8 9 10 11 12 13 16 17
days.

Julv 8 1

4

6
12
5
12
7

5
5

11
12
12
6

13

2
8
7

24
21
21
8
6

... 3.0
4.5
4.3
4.2
4.0
5.2
5.4
5.6
4.8
6.4
6.0
5.3
4.8
5.8
5.0
3.7
5.6
4.8
4.3

3
3
4

2

3

3
4

1

4

3

3

4

4

4

5

2

2

2
1

3

3

4

4

6

2

2
3

2

4

2
6

4

4

7

5

3
7

5
6

5
16

7

12

6
17

9

7

5
13

5

6

8
10

8
10
11

8
12

12

7

7

7

8

6

8

4

9

7

4

7

5

3
9 2

4

2
3
8
2
1

2
2
1

3
1

4

1 18
10

2
2
3
5

3

2

'2'

26
11 2 3 4 50
12 20
13 1

3
1

1

3
3
2

62

14 1 38
15 28
16 24
17 2

2
2

70
IS 2 72

19 63
20 .-... 29
21 4 1 75

22 10
23

"2

2
1

1

2

5

i'

4

1

1

2

1 30
24 3 39
25 19
26 2

8

3
1

3

7
3
2

3

"\

3

'i"

7

1

'3'

1

'2'

5
1

1

1

2

1

1

91

27 5.4 113
28 ... 6.0

5.8
6.1

7.6
4.8
4.7
4.7
5.3
4.8
4.4
3.0
8.3
5.7

. 4.0
7.0
5.0

48
29 1 35
30 8

7

11

1

1

49
31 53

Aug. 1 1

1

1

1

3
3
2

4

2

3
4

1

11

1

1

52
7 --- 33

3 7

28
4

7

33
4 1 2 147
5 19
6 1

2
1 31

15

8 3
3

2
1

1

1

1 i'

1 1 25
9 1

2
17

10 ! 8
n 1 1 7

15 1

Total. 282
1

3 14 25 68 70 [53 27 10 3 2 1 3 1 1 1 5.16 1,457

THE SECOND HUOOD OF VVVJE.

Time of jn/pation.—Investigations show the earliest recorded

pupation of individuals of this brood to have occurred July 14, and
the latest on August 31. Actual pupations arc thus shown to cover

a period of 48 days. (Sec Talde XVII.)

Len/jth of pupal stage.—A record on the lengtli of the pupal stage

was establislied from observations with 211 individuals, and reveals

the fact that i\](' j)npal pciiod varied from 8 to 19 days. The average

period was 1 ].2:'> days. These records are found in Ta})lo XVII.
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Table XVII.

—

Pupal stage of second brood codling moth, Rosvjell, N. Mex., 1912.

Num-
ber of

indi-

viduals.

Length of pupal period in days.
Aver-
age

days.

Mini-
mum
days.

Maxi-
mum
days.

Total

8 9 10 11 12 13 14 15 16 17 18 19
days.

July 14 15

4
5

5

7

15

15

14
16

13

2

1

9
10

11

5

3
2

14

3

8
3

1

11

2

2

2

3

1

2
1

2
1

2

1

12

5'

2

2

3

1 10.4
10.5
10
10.2
11

10.86
10.33
11.28
10.56
11.07
12.5
11

11.44
11

10.72
13.4
10
11

10.92
11.33
11.12
10.66
9
11.09
11

11

11

11.66
12

11.5
11

14.5

18

10
10

10

9

10

9

11

9

10
10
9
10

12

11

10

10

10

10

8

11

8
11

10

10
9

11

11

10

11

11

12

11

11

13

18

9
10

12

11

10
11

11

16
11

13

12
12

13

11

12

13

12

19

13

11

13

12

14

11

9
12.

11

12
11

13

12

12

11

16
18
11

10

156
15 42
16 50
17 2

7

8
5

5

7
6

51
18 - . 77
19

...

"2"

5
10

3

5

3

1 163
20 155

21 5

2

4

1

1 158
22 169
23 144
24 1 25
25 1

3

7

4

11
26

i'

1

2

5

2

5

'2'

103
27 1 110
28 118
29 2 67
30 1 30
31 2

2

1

2

22
Aug. 1 1 6 6

1

1 153
2 34
3

:;:

5
1

2 89
4 32
5 9
9 10

2

2'

2

1 122
10 22
13 1 1 22
14 22
16

i"

1

1 35
17 12
19 1

1

23
20 11
25 1 29
26 18
27 ... 1 ... 1 20
31 1 10

Total 211 2 1 S 69 86 31 7 4 2 1 1 11.23 2,314

THE SECOND BROOD OP MOTHS.

Time of emergence.—The records on time of emergence of codling

moths of the second generation may be found in Table XVIII. The
earliest emergence of this brood occurred July 18, when nine moths
emerged. Emergence continued more or less regularly until a

maximum number of 242 was reached on August 7. The last

emergence of which record was made occurred September 11.
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Table XVIII.

—

Time of emergence of codling moths of the second generation, Roswell,
N. Mex., 1912.

Date of emergence,
dumber

Date of emergence.
Number
of moths.

July IS 9

11

23
10
44
58
68
100
93
47

91

145
121

72
178
125

99
199
181
216
242
179
109
194

152

167

166
55
56

Aug. 16 114

70
55
66
36
33
40
44
29
22
17

32
16
16

10
6

6

9

7

4

1

2

1

1

1

19 17

1820
21 19 .

22 20
23. 21
24 22
25. ... 23
26 24
27 25
28 26
29 27
30 28
31 29

Aug. 1 30
2 31
3 Sept. 1

4 2
5 4

6 5

7. 6
8 7

9 8
10 10
11 11

12

Total

13

14
IS 3,848

Mothsfrom hand record larvse.—In all, 5,320 larvae of the second

brood were collected systematically from banded trees in orchards

and kept in cages in order that records might be obtained on emerg-

ence of moths from such sources. From the total larvse secured

in this way there emerged 3,848 moths, thus showing that 72.34 per

cent of the larvse under observation proved to be transforming larvae.

These records are shown in Table XIX.

Table XIX.

—

Number of codling moths emerging from second-brood larv% collected,

systematically from banded trees and kept in cages. Roswell, N. Mex., 1912.

Date of collection.
Numlocr Number
of larvae, of moths.

Date of collection.
Number
of larvae.

Number
of moths.

July 7 66
179
303
451
410
009
678
623
399
360

57
102
249
372
30S
530
590
48.3

354
2.51

Aug. 6 235
261
232
142
110
88
86
88

159
131

73
28
20
12

2

1

10 D. .

13 12
16 15

19 18

22 21
25 24 .... . .

28 27
31

TotalAug. 3 5,.320 3,848

The rat<! and duration of tlie cnKTgenco of codling moths of this

brood i.s described grapliif.ally in figure 3. Asshownin Table XVIII,
a maximum numb(T emerged August 7, various fluctuations having

(iccnvrcA j)r<!(ieding that dut<', and continuing throughout tlu^ jxuiod,



20 BULLETIN 429, U. S. DEPARTMENT OP AGEICULTUEE,

The time of oviposition in orchards may be determined with fair

precision from the combined data on the habits of the moths in

captivity and from the results of the rearing experiments.

In conductmg the experiments, the results of which ^re shown in

Table XX, eggs of the codling moth were readily obtained by con-

fining a number of moths together in cages. It is not possible by
this method to determine the number of eggs thus produced, but the

time and period of egg deposition can be ascertained.

•<; /6o-

\

I

:|i;;;;;|pi;;;;;;i;|

Fig. 3.—Emergence curve of codling moths of the second brood, Roswell, N. Mex., 1912. (Original.)

The results show the average length of time from emergence of moths
until first oviposition to be 2.2 days; maximum, 4 days; minimum,
2 days,. The average length of the period for the duration of oviposi-

tion was 7.1 days; maximum, 12 days; minimum, 1 day. From time

of emergence to last oviposition the average was 9.3 days; maximum,
14 days; minimum, 6 days.
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Table XX.

—

Egg deposition by codling moths of the secondbrood, Rosivell, iV. 3Iex., 1912..

Cage.
No.

Number
of moths

Date of— Days-

Emer- First Last Before Of ovipo-
sition.

From
time of
emer-

per cage.
gence ovipo- ovipo- ovipo- gence to

of moths. sitlon. sition. sition. last

ovipo-
sition.

1.... 26 July 18 July 21 July 28 3 7 10
2.... 14 19 23 24 4 1 5

3.... 28 20 24 26 4 2 6
4.... 26 21 24 29 3 5 a
5.... 37 •>2 24 29 2 5 7

6.... 35 23 26 Aug. 3 3 10 13

7.... 36 24 26 4 2 9 11

8.... 32 25 27 8 2 12 14

9.... 40 26 28 2 2 5 7

10.... 40 27 29 10 2 12 14

11.... 43 28 30 6 2 7 9

12.... 40 29 ^31 7 2 7 9

13.... 47 30 Aug. 1 8 2 7 9

14.... 10 31 2 12 2 10 12

15.... 43 Aug. 1 3 9 2 6 8
16.... 45 2 4 10 2 6 8
17.... 47 3 5 14 2 9 11

18.... 52 4 6 14 2 8 10
19.... 33 5 7 11 2 4 6
20. . .

.

43 6 9 19 3 10 13

21.... 40 7 9 14 2 5 7

22.... 50 8 10 19 2 9 11

23.... 40 9 11 23 2 12 14

24.... 33 10 13 22 3 9 12

25.... 34 11 13 24 2 11 13

26.... 38 12 14 23 2 9 11

27.... 25 13 15 23 • 2 8 10

28.... 30 14 17 22 3 5 8

29.... 30 15 17 24 2 7 9

30.... 35 16 IS 29 2 11 13

31.... 35 17 19 25 2 6 8

32.... 40 18 20 27 2 7 9

33.... 37 19 21 27 2 6 8

34.... 30 20 22 28 2 6 • 8

35.... 33 21 23 28 2 5 7

36.... 27 22 24 30 2 6 8

37.... 43 23 25 Sept. 5 2 11 13

3,H.... 27 24 26 4 2 9 11

39.... 20 25 27 3 2 7 9

40.... 17 26 28 3 2 6 8
41.... 32 27 29 4 2 6 8

42.... 17 28 30 4 2 5 7

43.... 24 29 31 5 2 5 7

44.... 10 31 Sept. 3 6 3 3 6

45.... 16 Sept. 2 5 8 3 3

Average days.

.

2.2 7.1 9.3
Maximum days
Minimum davs

4

2

12

1

14

6



22 BULLETIN 429, U. S. DEPARTMENT OP AGRICULTURE.

Length of life ofmoths.—Observations in this connection were made
with a total of 1,416 moths confined m cages in order to secure

mortality records. The results obtained with this number of indi-

vidual moths give the average length of life of male moths to be

5.49 days; female moths, 7.58 days; maximum length of life of male

moths, 12 days; female moths, 24 days; the minimum length of life of

moths of both sexes is identical, 2 days. These records may be found

in Table XXI.

Table XXI.

—

Length of life of male and female codling moths of the second brood.

Summaiy of records of 1,416 individual moths, Roswell, N. Mex., 1912.

Male. Female.

Length of life.

Number
of

moths.
Length of life.

Number
of

moths.

Days.
2 3

54
132
165

151

90
40
9

S

3

4

Bays.
2 4

11
38
69
147
163
118
66
53

. 33
25
7

8

8
4

2
1

3 3

4 4

5 5

6 6

7 7

8 8
9 . 9

10 10
n 11

12 . 12 . .

13 13

14 . ... 14

15 15

16 16 . . ....
17 17
24 24

Average length of life of male moths, 5.49 days; average length of life of female moths, 7.58 days; maxi-
mum length of life of male moth.s, 12 days; maximum length of life of female moths, 24 days; minimum
length of life of male moths, 2 days; minimum length of life of female moths, 2 days.

LIFE CYCLE OF SECOND GENERATION.

In order to secure accurate data on the length of the life cycle of the

codhng moth of the second generation, observations were conducted

by means of which the length of time from the date of egg deposition

to emergence of moth could be determined. A total of 283 individual

moths were used in this test, and the results show a range of varia-

tion in the life cycle from 32 to 68 days, with an average period of

41.26 days. These results are shown in Table XXII.
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THE THIRD GENERATION.

THE THIRD BROOD OP EGGS.

Lengtli of incubation.—In Table XXIV will be found the results

of 96 observations of eggs of the codling moth in an endeavor to

determine the length of the several stages from time of deposition

until hatching occurs. The average length of time from date of depo-

sition to the appearance of the red ring was 3.22 days; maximum, 5

days; minimum, 2 days. The average time until the appearance of

the black spot was 4.22 days; maximum, 6 days; minimum, 3 days.

From date of deposition until time of hatching the average period

was 5.75 days; maximum, 9 days; minimum, 4 days.

Table XXIV.

—

Length ofincubation of third brood of eggs of the codling moth at Roswell,

N. Mex., 1912.

Number
of eggs.

Date of— Days for--

Observation No.
Ovipo-
sition.

Appear-
ance of
red ring.

Appear-
ance of
black
spot.

Hatch-
ing.

Red
ring.

Black
spot.

Incu-
bation.

1. 53
46
112
30
120
26

506
42

401

103

342
127

192
46

203
151

341

85
432
70

(>)

(')

195
15

160
15

227
5

158
12

100
8

100
2

307
102
195

12
300
16
90
110

104

80
ISO
200
109

207
77
00
SO
116

July 22
22
23
23
24
24

25
25

26
26
27
27
28
28
29
29
30
30
31

31

Aug. 1

1

2
2
3

3
4

4

5

5
6

7

7

8
8

9

9

10

10

11

11

12

12
13

13

14

14

15

15

10

16

17

17

July 24
24
26
26
27
27
28
28
29
29
30
20
31
31

Aug. 1

1

2

2

3

3
4

4

5

5

6

7

7

8
8
9
9
10
10
11

11

12

12
13
13

14

14

15

15

16

16

17

17
18
18
19
19
20
20

July 25
25
27
27
28
28
29
29
30
30
31

31

Aug. 1

1

2
2

3

3
4

4

5

5

6

6

7

7

8

8

9

9
10

10

11

11

12

12

13

13
14

14

15
15
16
16

17

17

18
18

19
19
20
20
21

21

July 26
27
28
29
29
30
30
31

31

Aug. 1

1

2

2
3

3

4

4

5

5

6
6

7

7

8
8

9

9
10

10

11

11

12

12

13

13

14

14

15
15

16

Hi

17

17

IS

IS

1'.)

1!)

20
20
21

21

22
22
23

2

2
3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

I
3

3

3

3

3

3

3
3

3

3

3

3

3

3
3

3

3

3

:i

3

3

3

3

3

3

3

3

3

3

3

3

3

3

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

2 5

3 . 5

4 6

5

6 6
7 5

8 6

9 5

10 6

11 5

12 6
13 5

14 6
15 5
16 . 6
17 5

18 6
19 5
20 6
21 5

22
23
24

25
26
27
28

6
5

6
5

6
5

6
29
30
31

32
33
34

35
36

5

6
5

6

5

6
5
6

37 5

38 6
39
40 6
41 5
42
43 5

6
45 5

46 n
47 5
48
49 5

60 ;

61 6

62 5

63 (i

64 (>
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Table XXIV.

—

Length ofincubation of third brood ofeggs of the codling moth at Roswell,

N. Mex., 1912—Continued.

Number
of eggs.

Date of— Days for--

Observation No.
Ovipo-
sition.

Appear-
ance of
red ring.

Appear-
ance of
black
spots.

Hatch-
ing.

Red
ring.

Black
spot.

Incu-
bation.

55 329
123
137
5

120
112
92
225
125
31
142
54
97
7

302
107
75

341
7

160
24
8

52
16
90
6

4

8
162
46
84
16

10
46
16
6
10
4

4
13"

20
7

Aug. 18
18
19
19
20
20
21
21
22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31

Sept. 1

1

2

2

3

3

4

4

5

5

6
7

8
8

Aug. 21
21
22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30

Sept. 1

1

2
2
3
3
4

4

5

5

6

6

7

7

8

8
9

9
10
11

13

13

Aug. 22
22
23
23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31

Sept. 2
2
3

3
4

4

5

5

6
6
7

7

8
8
9
9
10
10

11

12
14

14

Aug. 23
24
24
25
25
26
26
27
27
28
28
29
29
30
30
31
31

Sept. 1

2
3
4

4

5

5

6

6
7

7

8

8

9
9
10
10
11

11
12
12
14

16
17

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3

3
3

3

3

3
4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

5

5

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

4

5

5

5

5

5

5

5

5

5

5

5

5

5
' 5

5

5

5

5
. 5

5

6

6

6
56 6

57 5

58 6
59 5
60 6
61 5
62 6
63 5
64 6
65 5

66 6
67 - 5

68 6
69 5
70 6
71 5
72 6
73 5
74 6
75 . 6
76 7
77 6
78 7
79 6
80 7
81 . . 6
82 7
83 6
84 ... 7
85 ... - 6
86 7
87 . 6
88 7
89 6
90 7

91 6
92 7

93 6
7

95 8
96 9

5

2
3.22

6

3
4.22

9
4

1
5.75

1

1 Exact number of eggs not recorded.

TiTYie of Tiatching.—^According to the records in Table XXIV
hatching of eggs of this brood began July 26 and continued until

after the middle of September. A study of the table will show
that hatching in greatest numbers was found to occur between

August 1 and August 8.

THE THIRD BROOD OP LARV^.

Length offeeding period.—^A total of 829 individual insects were

kept under observation in order to obtain the records found in Table

XXV. During the progress of the experiments the transforming

larvae were not separated from the wintering larvae, which possibly

mfluences the average length of the feeding period to some extent.

The records given cover a variation in the length of the feeding

period of from 15 to 56 days, or a range of variation of 41 days.

The average length of the period was 26.55 days.
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251 337

i,205

762 327
1,2251,254

980
1,753

487 968
1,103

439 399 203 521 445 367 210 406 530 213 382 396 203
96 168 378 315 373 428

69
290

74
194 106 369 307 266
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Larval observations with reference to tlie length of the cocooning

period of this generation were limited to 26 individuals. Of tliis

total the greatest number, 6, completed the construction of the

cocoon in 4 days. The average length of this period was 6.48 days
as compared with 5.24 days for the first brood and 5.16 days for the

corresponding stage of the second generation. The records for the

cocooning period for the third generation are found in Table XXVI.

Table XXVI.- -The making of cocoons of the third brood of the codling moth, Roswell,
N. Mex., 1912.

Date of leaving
Num-
ber of

indi-
viduals.

Length of cocooning period in specified days.
Aver-
age

days.

Mini-
mum
days.

Maxi-
mum
days.

Total
fruit.

2 3 4 5 6 7 8 9 11 12 14
days.

Aug. 19 2

1

1

1

2

2

2

2

1

2
3

3
1

1

2

1

1

1 3.5
3.0
4.0
4.0
3.0
6.5
6.5
6.5
9.0
6.5
9.0
9.3
4.0
14.0
8.5

3

3
4

4

2
5

6
4

9

5
7
8

4

14

5

4

3
4

4

4

8

7

9

9

8
• 12

11

4

14

12

7
21 3
22 1

1

1

4
23 4
2.5 1 6

Sept 1

2
1 1 13

1 1 13
3 1 1

1

13
4 9
5 1 1

1

1

13
6 1 1 27
7 1 1 28
8 1 4

9 1 14

10 1 1 17

26 1 2 6 3 1 2 4 3 1 2 1 6.48 175

THE THIRD BROOD OF PUP^.

Time of pupation.—Observations on pupation in the rearing cages

extended from August 19 until September 10, and experiments in this

instance were conducted with only 17 individual insects. The small

number available is due to the fact that large numbers of the larvae

of tliis brood proved to be wintering larvae. Of those observed the

greatest number having a specific period completed the pupal stage

in 13 days. The average time for the entire number under obser-

vation was 14.94 days; maximum, 20 days; minimum, 11 days.

The detailed results are shown in Table XXVII.
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Table XXVII.

—

Pupal stage of the third brood of the codling moth, Roswell,
N. Mex., 1912.

Date of pupation.

Num-
ber of
indi-

viduals.

Length of pupal period in speci-
fied days, being the time from
pupation to emergence of moth. Aver-

age
days.

Mini-
mum
days.

Maxi-
mum
days.

Total
days.

11 12 13 14 15 17 19 20

Aug 19 1

1

1

1

2
1

2

2
3
1

1

1

1 20
11

11

12
14

15

14

13
17.33
15

19

17

20
11

11

12

13
15

14
13

13
15

19
17

20
11

11

12

15

15

14

13

20
15

19

17

20
23 .... 1

1

11
Sept. 1 ; '.. 11

2 1 12
3 1 i

1

28
4 15
5 2 28
6 2

1

26
7 1 1 52
8 1 15

9 1 19
10 1 17

Total 17 2 1 4 2 3 1 2 2 14.94 254

THE THIRD BROOD OP MOTHS.

TiTTie of emergence.—The limited number of moths with which the

observations found in Table XXVIII were made is in proportion to

the decreasing number of transforming larvae as the season pro-

gressed. Emergence began September 3, and continued until

September 28, thus covering a period of 25 days.

Table XXVIII.

—

Time ofemergence ofmoths of the third brood, Roswell, N. Mex., 1912.

Date of
emergence.

Number
of moths.

Sept. 3
4
8

12
14
16.:....
18
19
20
23
26
27
28

Total....

1
,

1

1

1

1

1

2
5
1

1

1

2

1

19

LIFE CYCLE OV THIRD GENERATION.

While the number of individual insects under observation to deter-

mine the length of hfe cycle of the third generation is notably smaller

than in previous corresponding cases a sufficient number were

observed to determine the length of the period very satisfactorily.

The range of variation was found to be from 36 to 62 days, the great-

est number, 3, having 48 days An average of 48.57 days is indicated

for the third brood, as compared with 41.26 days for the corre-

sponding period of the second brood, and 51.14 days for the first

brood. (See Table XXIX.)
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Table XXIX.

—

Length of life cycle of the third generation of the codling moth, Roswell,
N. Mex., 1912.

Date of egg
deposition.

Num-
ber of
indi-
vidu-
als.

Moths emerged in speciBed days from time of deposi-
tion of eggs of the same generation. Aver-

age
days.

Mini-
mum
days.

Maxi-
mum,
days.

Total
days.

36 40 41 44 45 46 47 48 49 50 51 52 54 55 60 62

Julv^l 2
2
4
3
3
1

2
1

1

1 1 43.5
55.0
51.5
45.7
50.3
47.0
50.5
40.0
44.0

41
48
45
36
48
47
47
40
44

46
62
60
51
55
47
54
-40
44

87
28 1 1 110
29 1 1

i'

1 1 206
30 137

Aug. 2 2 1 151
3 1

1
47

4 1 101
9 1 40
10 1 44

19 1 1 1 1 1 1 2 3 1 1 1 1 1 1 1 1 48.57 923

In Table XXX is brought together a condensed summary of

records dealing with the codhng moth of the third generation, show-
ing the average length of the separate periods composing the life

cycle of the insect. The average of the averages secured from the sev-

eral stages recorded gives a total of 47.62. This sum when contrasted

with the results as given in Table XXIX, shows a difference of but
0.95 days.

Table XXX.

—

Summary records on the time of development of the codling moth of the

third generation in its stages of egg, larva, and pupa, Roswell, N. Mex., 1912.

•3

c •3

a

B
3
2;

Length of
feeding larv*. .a

_

d

a

Length of co-
cooning period. .g

<s

3

a

Length of
pupal stage.

'-5

.a

Totallength of
life cycle.

Date of egg
deposition.

o 2

II
a

_ o

1

a

B>.

.a-S

a a

a"

a
d
a^

<1

a

a^
.a -a

a 2

r
d

» 03

<

a
_

r

a

July 23 2
3
2
2
3
4
3
5
1

3
1

1

30

10
15
12
12
18
24
18
25
5

15

5
5

164

2

I
2
3
4

3
5

1

1

30

19.5
19.0
18.5
2.5.0

2i.O
21.3
22.0
21.2
20.0
23.0
16.

20.0

18
IS
17
25
23
20
16

16

20
21
16
20

21

21

20
25
26
23
26
25
20
27
16

20

2
2

2

2

3

4.0
3.5
3.5
5.5
11.0
10.0
s.o
6.2
8.0
6.7
1.0

4.0

4

3
3
5

7

8

8

2
8

5
4

4

4

4

4
6

14

12

8
9
8

8
4

4

ai 2 15.

5

11 20 2 43.5 41 46
26
27
28 2

4
1

3

1

2
1

1

15.5
14.3
13.0
16.0
11.0
15.

15.

15.0

12
11

13
14

14

13
15

15

19
20
13
19
14

17
15
15

2
4

3
3
1

2

1

1

55.0
51.5
45.6
51.5
47.0
50.5
40.0
44.0

48
45
36
48
47
47
40
44

62
29 60
30 51

Aug. 2 55
3 47
4 54
9 40
10 44

21.23 27 6.7 17 14.9 19 47.61

Average length of incubation period in days, 5.46.

SEASONAL HISTORY OF THE CODLING MOTH DURING 1912.

In figure 4 a summary is given in graphical form to illustrate the

progress of the development of the codling moth in the course of

the entire season of 191 2. The shaded portions are arranged to repre-

sent the pfTiods in which the insect was prevalent in greatest iiumb(U"s

as det,(!ruiined })y t}ie av(Tag(^ Ic^ngth of tlie s<5venil stages. The
V-sha[)ed characters appearing before the shaded portions show the

55888'-'- Bull. 429— 17 3
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time at which it was possible for the stage to begin, while the dotted

lines following the shaded areas represent a possible continuation

of any particular stage as shown by observations which may, in many
instances, represent extreme conditions.

AM/?0^ Af¥?/L Ar/iV JCWf j(/iy /^(/S. s£pr OCT
'^^'Q^i^^'^^'Q^i^^'^^iQ^^^^^'Q^i(^%'^^^^^^^^^R^^'^^'Q^^^'^^'OJ^^^

II

Mill.
111Jk

S/^£/?G£A/Ce

VA1 1\ 1 k

r'

ll

^1

^
1 1 1 1 1 1 A^1

J 1 1 1 M ^m1 V

CA /? ^'£'
i £-^

1

o /
-A1P 1

^-
»

MM
"1 11

h

I -A KA 3 T/ ^C£ O^A/O.
M M 1

7?<s
_^ ^ 11i

^
^

I MM
A^^^ 1-

MM v<s
A^^ih

'^ <i/ V{s%r ^ufy- c^'/A-s-/^A"0'/'/ ^N -
i*

MM
po'/^r/o,

II 1 1

-v

Hit
V

.

" e 15' e, ?CSi 71 'C

II
1 1

M M M
fll

\ I AitII1 1 k

i

a£?^
MM

"is/r/OA/

4
^ttj

1ik

MM VG
J
^^^1^

z 4, ?l *4Se z^-'^^/vGA
M^^

\ 1 L ..mk1 fek

A>c//=i4r/a
T
.^.

/.9* 5f-/iGSvc

1 1 M 1 M 1 A#
J
n
LLLL,

/A

U
- Z^/PlAi}^ /O^/O/^ \ M
LLL:L:-bb yM 1

Fig. 4.—Diagram of the seasonal history of the codhng moth for 1912, Roswell, N. Mex. (Original.)

BAND-RECORD LARV^ OF 1912.

Throughout the season careful record was kept of larvae collected

from banded trees in orchards, and the results of these observations

appear in Table XXXI.
Collections from field material began as early in the season as

May 26, and continued regularly every three days throughout the

season. In this way a total of 9,400 larvae were collected, of which

number 6,922 transformed and emerged as moths. Of the 6,922 moths
which comprise the total emergence for both seasons, 4,636 moths

appeared during the season of 1912, and 2,286 moths emerged from
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ovenvintering larvas in the spring of 1913. Of all the larvse collected

throughout the season of 1912, moths from the transforming larvae

composed 49.32 per cent, almost one-haH of the entire number.

Moths emerging from wintering larvae comprised 24.32 per cent of

the total, number, while 26.36 per cent of the larvae died without

transforming.

Table XXXI.

—

Band recordsfor the codling mothfor the season of 1912, Roswell, N. Mex.
Emergence records completed, 1913.

Collection No.
Date of

collecting,

Number
of larvse
collected,

Number
of moths
emerged,

1912.

Number Total
of moths number Number
emerged, moths. of dead.

1913. 1912-13.

5
44

63
77
168

11

15

26
11

31

88
671 5
73
57
28

17

5

51

34
41

25
22
58

3
4

7

17
81

162 17

248
372
368
531

55
79
43
781

/ 603 75

8 491 132
9 363 36

23 274 86
35 194 41

53 184 77
86 159 73
74 102 40
59 79 31
49 61 27
55 57 29
51 52 36
54 54 52
79 79 54
84 84 43
90 90 89
122 122 85
175 175 131

133 133 106

144 144 139
135 135 66
111 HI 101

106 106 136
59 59 53
88 88 92
99 99 50
72 72 77
52 52 IS

45 45 16
61 61 43
18 18 17

23 23 16
19 19 5

3 3

2,286 6,922 2,478

Per cent
of dead.

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.
32.
33.
34.
35.
36.
37.
38.
39.
40.

41.
42.
43.

44.

45.

46.

47.

48.

49.

50.
51.
52.
53.
64.

May 26
29

June 1

4

7

10

13

16
19
22
25
28

July 1

Aug.

Sept.

Oct.

Nov.

16

59
89
88
171

88
72
90
62
33
37
45
32
39
66
179
303
451
411
609
678
623
399
360
235
261
232
142
110

106
133
127
179
207
306
239
283
201

212
242
112
180
149
149
67
61
104

35
39
24
3

9,400

5
44
63
77
167
88
66
73
57
27
34
41

25
22
57
162
248
372
368
530
596
483
354
251
159
131

73
28
20
12
2
1

4,636

68.7
25.4
29.2
12.5
1.75

6.94
18.88
8.06
15.1
8.1
9.75

21.87
43.6
12.1
9.5
18.1
17.5
10.46
12.8
11.06
21.18
9.02

23.9
17.4
29.5
31.46
28.17
28.18
30.68
33.72
40.9
49.05
40.6
33.8
49.7
41.06
42.8
45.19
49.1

32.8
47.64
56.2
47.3
51.1
33.55
51.7
22.18
26.2
41.34
48. 56
41.02
20. 83

Molh.s from IraasforminK iarvif; composed

.

Moih.s from winterlni; larva; composed
Dea^l larva; PAtmpoHWl ,

Total 100. OO
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The occurrence of the larvae of the codling moth in orchards as

shown by results of the band records is graphically described by
means of curves in figure 5. From this figure it may be deduced

that the greatest number of larvse of the first brood leaving the fruit

was found to occur about June 7. Larvae of the second brood

appeared under the bands in greatest numbers in the neighborhood

of July 25, or practically 50 days after a maximum was found in the

first brood. With reference to the third brood it will be noted that

the greatest number of larvae were found September 14, which is

just 51 days following the corresponding stage of the second genera-

tion. These figures agree very well, however, with the conclusion
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Fig. 5.—Curve showing occurrence of the codling -moth larvae under bands on apple trees, Roswell, N.

Mex., 1912. (Original.)

drawn from records obtained in the rearing shelter with insects in

confinement. (See summary tables on the different generations.)

SEASONAL-HISTORY STUDIES OF 1913.

The results of the 1013 life-history studies of the codfing moth do

not, in general, differ greatly from those obtained the previous year.

They are, however, somewhat more complete and detailed in certain

respects, and are therefore more satisfactory, for the observations

during this season were conducted under more favorable conditions.

SOURCE OF REARING MATERIAL.

Rearing material consisted of wintering larvae of 1912, kept in an

outside shelter and subjected to existing weather conditions, and

other material which could be considered quite normal and from

which reliable conclusions could be drawn.
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The larvse were from both baud-record material and the results

of propagation of the several broods iu the rearing shelter.

Many of the larvae had been kept over winter in pieces of decayed

wood and in strips of corrugated paper. These formed a suitable

means of seclusion for the wintering larvae and were kept in glass

jai-s with easily removable tops, from which the emerging moths
could be taken without difficulty.

METHOD OF PROCEDURE.

Immediately following emergence the moths were transferred to

large glass receptacles covered with white cheesecloth or musUn, and
there allowed to pro-

ceed with mating and

egg deposition. Fresh

pear foliage was
placed within these

receptacles daily, and
while the majority of

the eggs were depos-

ited on the leaves

and stems, frequently

the sides of the jar

would be quite thicldy

studded with eggs

when the number of

females per jar was
excessive.

The leaves and the

twigs upon which the

eggs had been depos-

ited were removed
from the containers

daily and placed in

a glass jar in which

a holder or basket

made from woven
wire of fine mesh, and
containing a number of medium-size apples, had been inserted.

Oidy unsprayed fruit was used for this purpose, and care was exer-

cised to mak(! certain that no fruit was used that had l)een previously

entered by larvae. When the period of incubation was over the

leaves and the twigs were removed, because th(^ presence of the

leaves frequently offered a j)lace for cocooning and ])upation, which
was not desirable. In figure a sumpk^ cage is illustrated, and the

sfrips of wood which wei-e j)r(^parcd and dropped in to ])rovide. accept,-

uhjc hiding places during cocooning and pupation are also shown.

Fig. C—Hami)lo cage used to detcrmino feeding ])oriofl of codlinfr-

moth lurvn'. ( nuiiimar.)
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Ill order that observations might be made during the period of

cocooniiig and at the time of pupation without disturbing the speci-

mens in their normal manner of procedure, small strips of wood
mth shght partitions between them were used, held together by-

paper cHps bent at a convenient angle. Over the partitions was
pasted a thin film of mica with a sprinkling of fine sawdust under-

neath. This device, described in previous pubhcations of the bureau,

proved to suffice throughout the period of experimentation.

Figure 7 is an illustration of the strips of wood used.

Fig. 7.—Device used to obtain pupal records of the codling moth. (Hammar.)

THE SPRING BROOD.

SPRING BROOD OF PUP^.

Time of pupation.—The first record of pupation of overwintering

larvae took place March 23, and from that date pupation continued

more or less regularly for a period of 51 days, the last pupation

recorded occurring on May 13.

Length of pupal stage.—The length of the pupal period of the spring

brood has a range of from 12 to 36 days, the majority of the indi-

viduals, however, completing the stage after 26 days had elapsed.

The average for the entire time is found to be 22.97 days. (See

Table XXXII.)
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SPRING BROOD OF MOTHS.

Time of emergence.—^The emergence of moths of the spring brood

was fomid to begin as early as April 7 and to continue more or less regu-

larly until the first part of June. However, a maximum emergence

was found to occur in the 10-day period between April 17 and 27, in

which a total of 1,334 moths emerged. The emergence during this

period represents 58.33 per cent of the entire number which emerged

during 1913, covering a period of 57 days. Further examination of

Table XXXIII will show that of 7,343 larvae, the entire number col-

lected, a sum total of 5,216 moths emerged, being equivalent to 71.04

per cent of the larvae It may be noted in this connection that 56.19

per cent of the moths emerged during 1912, while 43.81 per cent

emerged in the spring of 1913.
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The time and rate of emergence of the -spring brood of moths are

illustrated diagrammatically in figure 8.

Egg deposition.—The records on egg deposition by individual moths
of the spring brood are somewhat limited, because of the 34 females

isolated in this connection only 9 gave results worthy of record, as

shown in Table XXXIV.
• From a total deposition of 257 eggs it will be noted that the maxi-
mum deposition per female was 91 eggs, while the average number
per moth was approximately 28 eggs. On an average 7.33 days
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Fig. 8.- -Curve showing emergence of codling moths of the spring brood, Roswell, N. Mex., 1913.

(Original.)

elapsed from time of enaergence to first oviposition. The maximum
time, however, was 12 days; the minimum, 3 days. The length of

the period of oviposition for the 9 individuals under observation

averaged 5.55 days; the maximum was 10 days; minimum, 1 day.

On an average the moths in confinement lived 12.88 days, which is

somewhat longer than the corresponding period for the feniale

moths of the spring brood of 1912, which gave an average length

of life of 8.47 days. In 1912 the maximum length of life of female

moths of the spring brood was 22 days; in 1913 the corresponding

period was 20 days.
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THE FIRST GENERATION.

PIKST BllOOU Ul'' ECjIUS.

Time of deposition.—The earliest deposition of eggs of the first

brood in rearing cages occurred April 16, and more or less regular

depositions continued for a period of 45 days. The time for the

occurrence of a maximum deposition, however, would appear to be

near the latter part of the period, and the irregularities previously

noticeable are probably due to weather conditions.

Length of incubation.—A total of 212 observations made in this

connection show a range of variation in the length of the incubation

period of 4 to 11 days. A decrease in the length of the period was
somewhat noticeable as the season advanced, although exceptions

occur. An average period of 5.96 days is found for the entire

number. These results are shown in Table XXXV.
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THE FIRST BROOD OP LARV^.

Length offeeding 'period.
—^The length, of the feeding period of larvse

of this brood covered a range of 22 days, the greatest number, 38, hav-

ing completed the period in 24 days. The maximum time is 38 days,

and the minimum period 16 days. The average period for the entire

212 individuals is found to be 24.45 days, which is 2.93 days greater

than the corresponding period for the first brood in 1912.

Feeding period of wintering larvse,.—It is generally conceded that

wintering larvse experience a longer feeding period than those trans-

forming the same season. In Table XXXVI it is shown that of 15

wintering larvse of the first brood a maximum period of 31 days was
noted; a minimum period of 22 days, with an average period of 25.13

days. This is an increase of but 0.68 day over the feeding period of

the transfoiTQing larvse of this brood.

Table XXXVI.—Length offeeding period of wintering codling-moth larvx of the first

brood, Roswell, N. Mex., 1913.

Date of—
Observa-

tion.

No. Hatch- Leaving Days
ing. the fruit. feeding.

1 May 9 June 5 27
2 9 5 27
3 15 6 22
4 16 12 27
5 16 16 31

6 18 .14 27
7 27 19 23
8 28 21 24
9 28 22 25
10 28 23 20
11 28 24 27
12 29 20 22
13 June 2 26 24
14 4 27 23
15 4 July 1 27

Maximum days, 31; minimum days, 22; average, 25.13; average for transforming, 24.45.

Percentage of wintering larvx.—Of the larvse of the first brood

under observation 15 of the 212 proved to be wintering larvse, while

197 transformed the same season, showing as a result that only 7.16

per cent of the larvse of this brood proved to be wintering larvse.

Larval life in tTie cocoon.—The larval hfe in the cocoon is here

broadly considered to be the time necessary for the making of the

cocoons, and is recorded as the time elapsing between the date the

larvse leave the fruit and the tirtie of pupation. The wintering larvse

of the first brood are not included here, since these remain in the

larval stage until the following spring. In Table XXXVII are found

the results of 193 observations which show a variation of from 2

to 21 days, and an average period of 5.7 days.
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The emergence of moths of the j&rst generation is shown in the

diagram appearing as figm-e 9. The larvae used in these experiments

were collected regularly from May 20 untU June 22 from banded
trees, and the curve in this figure represents the sum total of daily

emergence from these larvae.
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Fig. 9.—Curve showing emergence of codling motlis of first brood , R oswell, N. Mex. ,1913. ( Original.

)

LIFE CYCLE OF FIRST GENERATION.

The entire length of time required for the first generation of the

codling moth to pass through the several stages and reach the adult

stage is totaled in Table XL.
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Of 149 individual insects under observation, 16 were found to have
a total life cycle of 45 days. Two insects required 65 days and
represent a maximum time for the brood; two specimens were found
to have completed the previous stages in 39 days, which is considered

the minimum time. An average time of 46.91 days prevails, and a
range of variation of 26 days is noted.

EGG DEPOSITION BT INDIVIDUAL MOTHS,

Mating.—Records of egg deposition by individual females in cap-

tivity have proven of especial interest in connection with these

studies of the codling moth. Records on egg laying and mating of

the codling moth have been very limited, and statements by earlier

investigators have been largely speculative estimates. The lack of

information is due to the difficulty of getting moths to deposit eggs

in a state of captivity, especially when the individual insects are

isolated. Although many thousand moths have been under obser-

vation it has been only in rare instances that moths have been found
in copula. In 1913 these observations were made for the first brood
of moths, and in Table XLI these observations are listed under
numbers 21, 23, and 48. The moths in connection with observation

No. 21, both male and female, emerged June 22 and were found
mating at 10 a. m.on June 24. Eggs were deposited the same day.

The individuals in connection with observation No. 23, both male
and female, emerged June 24 and mated on June 27 at 8 a. m. Eggs
were deposited during the following night. The moths referred to

as observation No. 48, male and female, emerged July 6 and were
found in copula on July 7 at 9 a. m. and remained so until 2 p. m.
of the same day. The wings of this female were not fully expanded,

and this may account for the long mating, the moth when dead still

having the abdomen distended with eggs. Since the moths are very

inactive during the heat of the day it is very probable that mating
takes place at twifight, during warm nights, and in the morning.

Mating also very likely takes place under natural conditions shortly

after the moths take flight after emergence, and as the sexes en-

counter each other.

Egg deposition.—In the course of these investigations it was noted,

that eggs were deposited in abundance when moths were confined

together in numbers in large jars. This fact led to further experi-

mentation and male and female moths were isolated, being

removed from the larger jars after two days' confinement, and
placed in smaller jars for observation of egg deposition. The
moths were first fed on diluted sugar water placed on a small piece

of sponge, but this method invariably made the jars sticky and in

consequence the moths died prematurely. Later dried pear leaves

were placed in each jar, each leaf being daily moistened with pure

water. The dried leaves, being black, showed the presence of the

wliite eggs; the most of the eggs, however, were placed on the side

of the glass jars.
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In all, 141 female moths were taken from the larger jars and
isolated, some of these being accompanied by males and others being

without males. Of these, 48 furnished oviposition records, as stated

in Table XLI, while 93 of them, or two-thirds of the number, failed.

Of the latter a few eggs resulted, though as far as observed they

were all nonfertilized, one or two being deposited a day, though the

greater number of the moths did not oviposit at all.

The confining of the moths in this manner results in a very abnor-

mal condition for the insect, and markedly different results may
occur normally in orchards. For instance, it was found that most
of the moths died before all the eggs had been deposited, the dead

females often containing an abundance of fully developed eggs.

Tlius the averages here obtained are imquestionably far below what
normally occurs in the field. It is also likely that in many cases

egg laying was delayed. The results, however, show what is possible

in this connection and what might happen even under conditions

considerably removed from the normal with reference to the extent

of egg deposition and length of life of moths.

On an average the first eggs were deposited three days after the

emergence of the moths, while a maximum length of time of 6 days

and a minimum time of 2 days prevailed. The greatest number of

eggs produced by a single female was 200, and the results averaged

80.2 eggs for the 48 females imder observation. The moth listed under

observation No. 8, in Table XLI, escaped before the test was con-

cluded and might have deposited more eggs, as the abdomen was still

quite distended with eggs. A total of 192 eggs were found in the jar.

As there exists a considerable degree of variation in the size of

moths also, there probably is to be found variation in the number of

eggs laid by each female. Moths of the spring brood are, as a whole,

smaller than moths of the first and second broods, and probably are

less productive than the latter.

In general the moths began ovipositing 3 days after emergence,

although the shortest period was 2 days. The number of eggs

deposited per female per day varied from 1 to 96 and averaged 20

eggs per day for the 48 moths. Normally this number would be

greater. In confinement moths often ceased ovipositing for a day
during the period of deposition, and frequently only one egg was
deposited during 24 hours, although previously and later numerous
depositions were made. On an average, oviposition extended over

5.7 days, and the moths died on an average 2 days after final ovi-

position, although sometimes death occurrcnl the same day. In

1912, deposition records obtained with moths of the first brood

show that the average extc^nt of the deposition period was 4.45 days.

T\i(' nvcnigc lengtli of time from the dat(^ of emergeiie(\ to that of the

last oviposition was almost identical for the <;orreHj)onding ])r()()ds of

the two seasons, there being a difference of but 0.55 day.
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SUMMARY OF RECORDS.

A condensed summary of the records on the stages of the first gen-

eration is found in Table XLII. The average of the averages of the

different stages is found to be 47.37 days, as compared with 46.91

days in the total life cycle column, a difference of but .46 day. The
length of the life cycle of the insect of the first generation of 1912, as

obtained by addition of the separate stages, was shown to be 50.62

days. This number is 3.25 days greater than the corresponding

sum of the length of the several stages of the first generation during

1913.
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THE SECOND GENERATION.

THE SECOND BROOD 0¥ EGGS.

Length of incubation.—Egg deposition of the second brood was
found to cover a period of practically one month, extending from

June 11 to July 12, and only a slight variation in the length of the

several incubation observations is noted. It may be found by com-
parison that this period is practically 14 days shorter than the cor-

responding period for the first generation. In Table XLIII are

included the records for 505 observations. The length of incuba-

tion varied here from 4 to 7 days. An average of 4.9 days is described

for the entire period.
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THE SECOND BROOD OF LARV.E.

Le7igth offeeding period.—The feeding period of second-brood larvae

is somewhat shorter than has been recorded for the first-brood

larvae, and is mainly the result of warmer and more settled weather

conditions than were prevalent at the time the first-brood larvae

were feeding within the fruit. A more advanced stage of the fruit

at this later period of the season was also probably conducive to a

shorter feeding period. Of the 505 larvae of the second brood under
observation, one individual insect completed the feeding period in

14 days, the shortest time recorded, while the longest time was 34

days, thus making a range of variation of 20 days. An average of

19.7 days is computed on the whole number under observation,

including both wintering larvae and those transforming the same
season. These records will be found in Table XLIII. The averasre

length of the feeding period of larvae of the first brood was 24.45

days, thus making an average of 4.75 days greater than larvae of the

second brood. Records on the corresponding period obtained during

the season of 1912 show an average of 21.23 days.

Feeding period of wintering larvse.—During the period of observa-

tions conducted with individuals of the second brood a total of 505

larvae was used, and of this number 100 larvae, or 19.98 per ,cent,

proved to be wintering larvae. In Table XLIV it is shown that a

maximum of 34 days is found to exist for the feeding period and a

minimum of 15 days, covering a range of variation of 19 days, with

an average feeding period of 21.13 days. This period is 1.43 days

greater than the average time for the transforming larvae of the same
brood, and is found to be practically identical with the corresponding

period of the second generation during the preceding season.
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Larval life in the cocoon.—A comparison of the length of the cocoon-

ing period of the second generation with the corresponding period of

the first generation shows practically no difference, and a fairly con-

stant length of the period may be derived from the figures. Table

XLV records the observations with 400 individuals, and while a

maximum period is represented by 24 days and a minimum time by
2 days, giving a range of variation of 22 days, the results maintain an
average period of only 5.6 days for all larvse observed. This period

is 0.44 day greater than the length of the cocooning period as observed

with larvae of the same generation during the season of 1912.

Table XLV. -The making of cocoons of the second generation of the codling moth,
Roswell, N. Mex., 1913.

Date of egg
deposition.

Num-
ber of
indi-
vidu-
als.

Length of cocooning period in specified days, being
tli3 time from leaving the fruit to the time of pupa-
tion. Aver-

age
days.

Mini-
mum
days.

Maxi-
mum
days.

Total
days.

2 3 4 5 6 7 8 9 10 11 12 13 14 17 24

12
2
9

25
14

18
33
23
31
17
23
38
26
26
5
13
23
12
15
14

6
1

3
2

9

1 3
2
3

20
6
9

12

4

13
5
3
4

2
8

6 2 4.8
2.0
5.1
4.0
5.7
5.4
5.8
5.9
4.6
5.5
5.6
6.3
6.9
6.0
6.0
6.5
5.0
5.1

8.9
5.1
5.1
5.0
6.0
7.5

3

4

4

3

4

3

4

4

3

3

3

4

4

5
3

3
4

5
3
4

5

5
4

2

6

4

9
6

10
13
12
14
13
9
8

12
10
10
8
17
8

7

24
10
7

5
8

11

11

57
12 8
13 5

1

2
4

8
10
10
2
8

13
8

3

2

4

8
6
5
4

2
1

2

i

46
14 3

'i'

1

2
1

4

2

2
5
6
4

10
4

2
3

7

1

3
1

1

i

100
15. .. 1

1

3
5

... 2 1 81
16 . .. 1 1 1 97
17 2 1

1

2 192
18 137
19

'2

5
1

1

1

1 142
20. 2

3

3
3
5

"i"

1

2

i

1

2
2
2
3
1

94
21 128

24122 . 3

'2

2
1

1

3
23. 155
24. 158
25. . . .

.

30
26

\
2
2
3

1 84
27 1 117
28 62
29 1

1

2 2 :.. 134
30 1 6

2
71

July 1

3
31
5

6 1 18
7 1

1

1

1

15
9 1 1 1 1 2 1 6.7 61

400 3 19 111 115 62 32 19 11 9 6 6 4 1 1
1

1 5.6 2,264

SECOND BROOD OF PUP.E.

Length of pupal stage.—The length of the pupal stage of the second

generation ascomparedwith that of the first generation is found to differ

very little. Of the 400 insects under observation 1 emerged 7 days

after pupation had taken place, while the greater length of time was
found to be 20 days. An average period of 11.6 days is shown for

the entire number observed. Further reference should be made to

Table XLVI.
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Table XLVI.

—

Length ofpupal stage of the codling moth in days of all individuals devel-

oping from eggs deposited on specified dates, second brood, Rosivell, N. Mex., WIS.

Date of egg depo-
Num-
ber of

indi-

\-iduals.

Length of pupal stage in days.
Aver-
age
days.

Mini-
mum
days.

Maxi-
mum
days.

Total
sition.

7 8 9 10 11 12 13 14 15 16 17 18 19 20
days.

12
2

13

25
14
18
33
23
31
17

23
38
26
26
5
13

23
12
15

14
6
1

3
2
7
2

5

1

' 2 10.8
9.5
11.5
11.1
11.6
12.0
12.2
12.3
11.2
11.5
11.4
11.6
11.3
11.1
11.8
10.4
11.2
11.5

11.4
10.8
10.8
9.0
10.0
11.0
9.4
11.0

10

9
11

7

9

9

8
10
9
9
10
9
10
10
10
9

9
9
9

9

9

9
10
10

8
10

12
10
13

13

15

16

19

16
15

14

14

17

14

16
17

15

20
17

19

12

14

9
10
12

11

12

129
12 1 19
13 5

5
5

4
6
1

14
10
10
16
10
17
2

5
11

5

4

5

2

3
8
4
6
13

15

6
3
6
7
7

4

1

4
2
2
3

4
3
2
1

3
2

104
14 2

1
9

5

1

1

278
15

i'

i"

2
3

1

1

1

3

i'

163
16 2

i"

217
17 . .«; 1 401
18 1

6
283

19 1 349
20 1

'4'

3
6

195
21 263
22 2 3 1 451
23 294
24 4 1 291
25 2

3

8
4
6
4
2

1 59
26 4

1

1

1

1

1

1

1 136
27 1 1

2
259

28 138
29 2

4
1 171

30 152
July 1 1 65

3 9
6 3

1

2
1

30
7 .... 1 22
9 1 3 66
12 1 22

400 1 2 23 78 143 93 27 9 U 4 5 1 2 1 11.6 4,566

LENGTH or LIFE CYCLE.

The length of time elapsing from the date of egg deposition to

emergence of moth of the same generation for 407 individual insects

is shown in Table XLVII. Of this number one insect completed the

life cycle in 28 days, while the longest time recorded was 59 days.

.Vn average period of 41.4 days is described for the entire number
observed, being 5.5 days shorter than the corresponding period of

the first generation, and 0.14 day greater than the length of life cycle

of the second generation of the insect as observed during the season

of 1912.
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Table XLVI I.

—

Length of life cycle of second generation of codling moth from time of
egg deposition to emergence of moth, Roswell, N. Mex., 1913.

Date of egg
deposition.

Num-
ber of
indi-

viduals.

Moths emerged in specified days from time of deposi-
tion of eggs of the same generation. Aver-

age
days.

Mini-
mum
days.

Maxi-
mum
days.

Total
days.

28 33 34 35 36 37 38 39 40 41 42 43 44 45 46

--

47

"i

4

i

5

'1

"i

1

1

14

48

'i

1

2

i

i

"3

i

10

49

'i

1

"i

i

2

i

8

50

i

1

1

3

51

1

54

1

59

1

13

2
9
26
14

19

34
24
32
17

23
38
26
26
5

13

23

12
15

14

6
2

3

2

7

2

1

::

1

"i

i

3 12

2

--

5

'3

i

'2

1

1

15

2

"3

2

3

1

2
6

3

27

2
2

"2

"i

'3

'2

1

3

"2

3

i

22

3

"i

3

3

1

1

1

2
2
1

3
5
2

'3

4
1

"i

'2

39

2

"2

3

1

1

1

3

6
2
2
4
3
5
1

'2

2
2
1

i

'2

5
1

3
6
3

5

"2

12

1

i

1

'i

50

1

'3

1

3

4
1

1

3
6
6
4
2
1

"2

"\

"i

40

3

i

2

'2

4
3

"i

1

3

1

3

'2

2
4
2

"2

'2

38

1

'2

3

'3

4
1

4
6

'4

1

1

1

4

'i

1

i

38

i

1

"i

'5

'2

4
2

"i

"i

"i

19

41.07
38.0
41.3
40.6
42.6
42.4
43.1
43.8
38.7
43.6
43.3
40.6
41.9
40.3
39.8
42.3
40.4
40.8
47.8
37.7
38.5
34.5
43.3
41.0
42.1
37.5

38
38
37
35
35
33
35
39
34
39
39
35
38
35
36
37
28
37
37
34
36
33
43
34
39
33

46
38
46
49
49
51
50
54
49
49
47
46
46
45
44
49
47
47
59
44
46
36
44
48
46
42

534
12 76
13. 372
14. 1,056

59615

16 805
17 1,465

1,050
1,237

IS.

19. . . .

20 742
21 995
22 1,542

1,08923.

24. 1,049
25 199
26 551
27 931
28 489
29 668
30. 528

July 1 231
3

6
69
130

7 82
9 295
12 75

407 41.4 16,856

SECOND BROOD OP MOTHS.

Egg deposition.—A total of 38 individual female moths of the second

brood emerging in the interval between July 14 and August 17 were

isolated in order to obtain oviposition records as shown by moths in

confinement. Reference to Table XLVTII will show that a total of

4,847 eggs were deposited by the 38 females, an average oviposition

of 127.55 per individual. The maximum individual oviposition was
259 eggs. The average individual oviposition per day was 16.6 eggs,

and the maximum daily oviposition per female was 108 eggs. On an

average the length of the oviposition period was 8.3 days, although

the maximum length of the period was 16 days. It was also found

that actual oviposition by an individual female may occur on 14

separate days, but the average number found in this connection is

7.6 days. The observations showed that it was possible for oviposi-

tion to begin as early as one day following emergence, although the

average length of time was 3.68 days. The longevity of the moths
thus confined varied considerably, one insect living but 6 days, while

another individual persisted for 21 days after emergence. The
average length of life of the moths in this connection was 12.8 days.
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SUMMARY OF RECORDS FOR SECOND GENERATION.

In Table XLIX there appears a summary of the records on the

time development of the codhng moth of the second generation in

the stages of egg, larva, and pupa. The sum of the average periods

spent in the several stages totals 41.8 days as compared with 41.4

days given as the average length of the life cycle of the second genera-

tion. These figures compare very closely with corresponding data

obtained during 1912.
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THE THIRD GENERATION.

THIRD BROOD OP EGGS.

Time of incubation—Eggs of the third brood were found in the

field July 10, and deposition continued more or less regularly until

August 11, a period of slightly more than one month The length of

this period of deposition is found by comparison to be practically iden-

tical with that of the second brood, but is exceeded by the correspond-

ing period of the first brood by 13 days. Of 180 observations made, an

average incubation period of 5.3 days is found. These records appear

in Table L. In comparing this period with average incubation

periods of the previous broods, it will be noted that the first brood

experienced a somewhat longer incubation period, it being 5.96 days,

while that of the second brood was somewha-t shorter, 4.9 days.
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THIRD BROOD OF LARV.E.

LengtJi offeeding period.—In Table L are also found the records on

the length of the feedmg period of transformmg larvae of this genera-

tion. Of the 180 individual insects under observation in this con-

nection the results show that 31 of the number completed the stage

within 18 days. The maximum number of feeding days is 28, the

minimum number 15, and the average is 20 days for the whole

series. This average is found to be somewhat greater than the cor-

responding average for the second brood, but is 4.45 days shorter

than the same time for the first brood.

Feeding period of wintering larvse.—Of the 722 larvae of the third

brood under observation in this connection, 542 or 75.06 per cent,

were found to be wintering larvse. The maximum length of the

feeding period of the wintering larvse was 35 days, as contrasted

with the maximum of 28 days, which is the longest corresponding

period for transforming larvae of the same brood. The shortest

feeding period recorded is 14 days, while an average of 21.1 days ex-

ceeds the average period for the transformmg larvse by only 1.1

days. See Table LI.
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THIRD BROOD OF PUP^.

Lengtli of pwpal stage.—The observations made on the length of the

pupal stage of the third brood, as found m Table LIII, show that of

the entire number of 180 individuals accounted for, 53 of that number
completed the pupal period in 11 days. The maximum length of the

stage is sho-^ii to be 17 days and the mmimum time 7 days. The
average is found to be 11.4 days and this is practically identical in

length with that of the corresponding period of the precedmg brood,

11.6 da^'s, and is exceeded only slightly by the correspondmg average

for the fii"st brood, namely, 11.76 days. The average pupal period

for the spring brood, 22.97 days, is found to be almost twice as long

as that of succeeding generations of the same season.

Table LIII.

—

Length of pupal stage of the codling moth in days of all individuals

developingfrom eggs deposited on specified dates, third brood, RosweU, N. Mex., 1913.

Date of egg
Num-
ber of
indi-

\'idua]s.

Length of pupal stage in days.
Aver-
age
days.

Mini-
mum
days.

Maxi-
mum
days.

Total
deposition.

7 S
1 9 10 U 12 13

1

14 15 16 17
days.

Jul V 10 12
1

14
19

11

15
2
9

12
1

S
16
8
5
2
4
7
6
4
5
2
1

7
2

2
1

2

8

1

1

2

2 1 10.1
10.0
11.0
10.3
11.0
11.2
11.1
11.0
12.1
10.9
11.0
11.3
11.4
11.6
12.2
10.0
13.2
12.2
12.3
12.0
13.0
14.0
13.0
14.2
12.0

9

10

9

9
10
10
9

11

10

9
11

10
9
9

10
9
13
7

S

9
11

13

13
10
12

12
10
13

12
12
13
13
11

17
14
11

12
16
14
14
11

14
16
15
14
14
15

13
16
12

122
13 10
U 1

3

8
7

5

7

6

2
1

2

1

3

3

1

1

1

2
1

1

2

2

154
15 196
It; 77
17 124

l"- 2 167
19 22
20 3

4
3

2
109

21 2 1 131
22 11

23 1

3

1

1

4
5

3

91
24 2

1

183
25 .. 1

1

93
26 61
27 1 20
28 1

1

1

2
3

53
29 1 1 1 "2" 86
30 74
31 1 1

1

48
Aug. 1 65

3 .. 28
5 13

6 1 3 2 100
11 2 24

53 19 11 7 4 1180 1 1 15 37 11.4 2,062

LENGTH OP LIFE CYCLE.

A study of Table LIV will show that of 185 individual insects

whifli completed the life cycle of the third generation, two passed

through tlie several stages in 34 days, this beuig the shortest time

recorded. Also that one insect required a maximum time of 58 days,

and tliat an avorngo of 43.11 days is found for the entire number.
This period in comparison witli the average length of life cycle of

j)r('vious generations i.s shown to be 1.71 days greater than the corre-

sponding ])('riod Tor the second brood and 3.8 days shortei" tluiii the

same jxTiod lor the fii'st gciicfalion. Tlic iivcrngc! pciiod for the

leiigt-h (»r llic, \\U\ cylc lor tlic lliird gcneriilioii dining I!>I2 wiis

48..')? d;i\s, ii difl'crcnce ol' 5.16 (hi\s.
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THIRD BROOD OF MOTHS.

Time of emergence.—Because of a slight overlapping of the periods

of emergence of moths of the second and third broods transforming

from larvse collected from banded trees in orchards, the records

showing the time of emergence of moths of the two broods are con-

sohdated and appear in Table LV.

The data show the first emergence of moths of the second genera-

tion to have occurred July 6, and a maximum number of moths of

this brood to have appeared on August 6, or practically one month
later. Emergence continued quite irregularly until September 19,

although moths of the third brood apparently reached a maximum of

emergence on August 28. The variations in the periods of emergence

of the two broods shown by means of curves appear in figure 1 0, and
illustrate very concisely the features of the periods and the time of

occurrence.

Table LV. -Time of emergence of codling moths of the second and third broods, Rosivell,

N. Mex., 1913.

Date of emergence.
Number

of

moths.
Date of emergence.

Number
of

moths.

July 6 1

18

20
34
24
52
34

35
56
31
40
54
40
98
97
47
88
157
201
125
260
331
420
297
431

457
404

399
362
473
411

475

'\m
401

329
301
250
134

Aug. 13. 151

146
96
112

115

97
109
59
52
74

40
33
60
29
42
57
47
28
36
47
28
19

22
15

19

20
18

20
11

10

4

7

8

3

1

7 14

8 15

9 16. ...

10 17.
11 18.

12 19 ...

13 20
14 21
15 22. . .

16 23
17 24
18 25
19 26
20 27. .

21 28
22 29
23 30
24 31
25 Sept. 1

26 2
27 3
28 4

29 5
30.^ 6.
31.': 7

Aug. 1 8
2 9
3 10
4 11

5 12
6 13

7 14
8 15
9 16
10 17
11... 19
12

hi;mmai{v ok ickcordh.

In Tubl(! LVI may b(^ found ji ((.iripjirativirly complc^to summary of

records on the several stages of the life cycle of the codling moth of
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the third generation, showing the average length of the periods

of each stage. The sum of the averages of the stages is found to be
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42.9 days, while the average length of the total life cycle of this gen-

eration is 43.11 days, a difference of but 0.2 days.
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FOURTH BROOD OF LARV^.

Length offeeding.—^The first observation of larvae leaving the fruit was
made September 23, after a feeding period of 28 days. Records in this

comiection were kept with 125 individual insects and the last larvae were
found leaving the fruit on October 31, thus covering a period of 28

days. All of these individuals passed the winter as wmtering larvae.

The maximum length of the feeding period for larvae of this gen-

eration was found to be 53 days, and the minimum period 25 days,

covering a range of variation of 28 days. The average feeding period

for the enthe time was 38.36 days, as shown in Table LVII. This

average feeding period is 17.26 days greater than the corresponding

average for wintering larvae of the third generation of this season,

and 11.81 days greater than the correspondmg average for all larvae

of the third generation during 1912.

MISCELLANEOUS EMERGENCE OF MOTHS.

Records of Tiourly observations.—In an endeavor to determine the

tune of day at which the greatest number of insects leave the pupal

case and emerge as moths, experiments were conducted by using a

number of glass jars in which larvae collected from banded trees had
been placed and on which daily emergence records were taken.

The first observations of the season were made April 28, usmg moths
of the spring brood. Observations were begun at 7 a. m. and con-

tinued throughout the day at intervals of one hour until 7 p. m.
Largely because of the cool weather prevailing at that early stage

of the season no emergences were fomid to take place until 11a. m.,

when 1 moth was discovered. At 12 noon, however, 35 moths were

found and at this hour a thermograph withm the breedmg shelter

indicated a temperature of 84° Fahrenheit. At 1 p. m. a total of 14

moths was found and a temperature of 85° F. was recorded and later

noted as being the highest temperature throughout the day.

On June 24 and 25 similar experiments were agam conducted

although no observations were made until 9 a. m., when the greatest

immber of accumulated moths was found for any particular hour,

being 55 in all. Records show an average temperature of 70° F.,

for that hour on the two days. However, the highest emergence

during the more heated portion of the day occurred at 3 j). m. with

a total of 33 moths and an average temperature of 90° F., for that

hour on tlie two days.

On August 1 siniihir records were made with enierghig moths of tlie

s(>con(l generation, and the first observation of tlie day was made at 7

a. m., when a total of 1 9 motlis was found. Tlie maximum emergence

of the day, however, occurred at 3 p. ni., when 103 individuals wercMlis-

covered. The tenif)erature njcords at this hour read 83° F., wliih^ the

maximum temperature of tlio day occurred at 12 noon and was found

to})e89° F. Kni(Tg(!nr('H forofluM- Jioura throughout the day on wliicli

r(!Cords wcue tak(;n wci-e found 1o he. in varying iiundx'rs, as is shown

in Table L\T 1 1 . Of ii. tuhd of T.'>\ lecords of indivi(hial cnKirgcnces,

55888^—Bull. 42'J— 17 «i
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137 occurred at 3 p. m. which, according to these records, can be con-

sidered the hour of maximum emergence.

Table LVIII.—Records of hourly emergence of codling moths of the spring brood, and
of the first and second broods, Roswell, N. Mex., 1913.

Date of obser-
vation.

Hour of day.
Total

7

a. m.
8

a. m.
9

a. m.
10

a. m.
11

a. m. 12 m. 1

p.m.
2

p.m.
3

p.m.
4

p.m.
5

p.m.
6

p.m.
7

p.m.

emer-
geace

Spring brood:
Apr. 28.... 1 35 14 4 1 3 1 59

First brood:
June 24.... 7

1

21

2 1 2 10
24.... 1

24.... 2

31

4

6

4

10
4

8 13

5

3

. 17
43

24.... 5 7

1

3 2 102
24.... 6
25.... 2 2
25.... 2

21

3

1

9

1

2

IS

2

1

10
1

1

9
......

1

3

1

1 9
25.... 8

4

1

3
1

1

2 83
25.... 13
25.... 1 4

55 44 32 26 25 29 33 12 10 4 3 273

Second brood:
Aug. 1

1....
13

6

3
1

6

6

3

4

3

5

5

4

4

9

14

24
40
63

29
40

24
58

5

21

2
7

151
248

19 4 12 7 8 9 13 38 103 69 82 26 9 399

Total.... 19 4 67 51 41 70 52 71 137 84 93 30 12 731

BAND RECORDS OF 1913.

Band records were regarded as forming an important part of the

hfe-history studies conducted throughout the season.

Besides the advantage offered in the opportunity to study the

insect under natural conditions, the careful collection of accumulated

larvae from the bands at regular intervals serves to furnish valuable

data on the relative abundance of the several broods of larvse through-

out the season, and provides in addition desirable material for lab-

oratory rearing experiments.

Durmg the season of 1913, band records were conducted at dif-

ferent pomts withm the State in an endeavor to secure possible data

on the life history and habits of the insect m more or less widely-

separated locahties which represented a variety of conditions.

In addition to the band-record experiments at Roswell, similar

experiments were installed at Carlsbad, Artesia, Lmcoln, and Santa

Fe. At Carlsbad some difficulty was experienced in finding suitable

trees for banding because of the scarcity of deshable trees of -bearing

age. Carlsbad and vicmity may be considered to represent one of

the points of lowest altitude in New Mexico, and largely for this

reason it was desired to install experiments there. Through the

courtesy of Mr. Francis G. Tracy, however, five apple trees were set

aside for this purpose.

No larvae were reported found during May and only a total of 21

larvae throughout the month of June. Partly on account of the pre-

vailing scarcity of fruit on the trees used, no collections were made
after July 1, and later the work in this locality was abandoned.
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RESULTS AT ROSWELL.

Banded trees for tlie experiments at Roswell were selected about

May 15, although no collections are recorded until May 20. Through
the kindness of a number of orchard owners, trees for bandmg were

obtained as follows: Five trees on the farm of Capt. W. C. Reid, 5

belonging to j\lr. H. J. Hagerman; 4 in the orchard of Mr. R. C.

Horner; and 3 in an orchard owned by Mr. Robert Beers. Careful

collections were made from the bands on these trees at intervals of

thi'ee days from May 20 until November 7, and an accurate record

kept of the larvae found. By consulting the figures in Table LIX
it will be noted that the maximum number of first-brood larvae

occurring in the field is found to be on May 29, when 833 larvae were
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Mex.,1913. (Original.)

coUcctod from the 17 banded trees. Of this number, 129 proved to

be wintering larvae while 654 transformed and emerged as moths.

A second maximum is found to occur July 16, when 1,674 larvae

were collected from the bands. Of this number 339 proved to be

wintering larvae, and 1,318 transformed the same season.

The gn^utcst number of third-})rood larvae collected on a specified

date of.ctirred September <S, when 1,073 are recorded. The iminber

of larvae wintering at this time in the season is much greater, a total

of 1,062 being found, while only 3 larvae transformed and emerged

tlu; same S(!ason. Be(;ause ol' tlui overla])ping of the broods of larva)

lat(; in the season, this condition renders it impossible to determine

from these data wIkm) fourth-])rood larvae occurred in greatest num-
bers in the field. (See fig. 1 1.)
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Table LIX.—Codling-moth larvx from bands and emergence of moths, Eoswell,
N. Mex., 1913.

Observation
No.

Date of
collec-

tion.

Num-
ber of
larvae.

Emer-
gence of

moths.

Num-
ber of
winter-
ing

larvae.

Observation
No.

Date of
collec-

tion.

Num-
ber of
larvae.

Emer-
gence of
moths.

Num-
ber of
winter-
ing

larvae.

1.. May 20
23
26
29

June 1

4

7

10
13
16
19
22
25
28

July 1

4

7

10
13
16
19
22
25
28
31

Aug. 3
6
9
12

5
40
140
833
517
320
249
130
89
76
95
94
69
140
127
183
274
654

1,335
1,674
1,667
1,510
1,166
652
618
510
463
458
432

3
39
139
654
463
274
150
113
82
70
77
88
68
128
112
153
251
548

1,060
1,318
1,324
1,258

969
548
434
300
238
174
154

1

1

1

129
54
46
99
17
7
6
18
6
1

11
14

30
22
94
275
339
350
248
197
99
176
206
223
284
277

30 15
18
21
24
27
30

Sept. 2

8
11
14

17
20
23
26
29

Oct. 2
5
8

11
14
17
20
23
26
29

Nov. 1
4

7

375
367
295
484
378
730
900
858

1,073
815
395
533
465
3S1
330
174
354
265
205
182
192
180
107
119
100
51

118
110
82
67
19

11
4

3'

i'

255
2 31 253
3 .. 32 .

.

213
4.. . 33 412
5 34 357
6 .. 35 .. . 719

7... 36 896
8 37 858
9 38 1,062

10. . . . 39 805
11 40 386
12 41 527
13... 42 465
14 43 381
15 44 330
16. .

.

45 174

17 46 354
18... 47 .. 265
19 48 205
20 :'... . . 49 182
21... 50 . 192

22... . 51... ISO
23 52 107
24 53 119

25 54... . 100

26 55 51

27... 56 ..

28 67. .

.

29 58 65 65

RESULTS AT ARTESIA.

The results from the band records at Artesia proved much more
satisfactory than did those at Carlsbad, and some valuable data

were obtained.

The experiments were installed somewhat later in the season than

were those at Roswell, and in consequence the first collection of

larvae was not made until June 4, on which date 33 larvae were

found. This date may be considered too late in the season to serve

in determining the occurrence at this place of the maximum number
of first-brood larvse to contrast with May 29, the date when the

greatest number occurred at Roswell.

On July 10, however, 719 larvae were taken from the bands and
represent the maximum number for second-brood larvae. This oc-

curred just six days earlier in the season than did the correspondmg

stage at RosweU.

From the figures at hand relative to the greatest number of larvse

to be found in the field at the time of the first collection in Septem-

ber, no maximum number can be described, but from previous con-

clusions drawn from contrasts with corresponding stages at Roswell,

it would appear that the greatest number of third-brood larvae would
be found about September 2.

Regular collections were made on specified dates throughout the

season corresponding with the collections made at Roswell and con-

tinuing until September 17, when the records were discontinued.

The records of these collections are more fully shown in Table LX.
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Table LX.—Band records at Artesio , N. Mex., 1913.

[Larvae collected by Mr. N. E. Brainard.]

Record No.
Date of
collec-

tion.

Num-
ber of
larvae.

Emer-
gence of

moth.

WiH-
tering
larvae.

Record No.
Date of
collec-

tion.

Num-
ber of
larvae.

Emer-
gence of

moth.

Win-
tering
larvae.

6 June 4

10

13
16

19
22
25
28

July 1

4

7

10
13
16
19
22
25

33
50
24
10
48
44
43
61
119
99
345
542
719
643
570
423
278
420

20
27
21
8

31
39
30
42
56
66

181
293
530
406
431

342
207
261

13
23
3
2

17
5

13

19

63
33

164
249
189
237
139
81

61

159

24 28
31

Aug. 3
6
9
12
15
18
21
24
27
30

Sept. 2

5

8
11

14

17

284
179
123
113
55
56
73
42
50
47
29
21
19
24
10
11

3

7

194
128
72

35
27
19
28
16

9

2

3

90
25 51

8 26 51

9 27 78
10 28 28
11 29 ,

30
37

12 45
13 31 26
14 32 43
15 33 . . . . 45
16 34 26
17 35 21
18 36 19

19 37 24
20 . . 38 10
21 39 14

40. 3

23 41 7

Figure 12 represents graphically the results of band records at

Artesia, and in addition shows the probable time of occurrence in
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Fig. 12,- ;;urve showing codling-moth larvae under bands on apple trees, Artesia, N. Mex., 1913.

(Original.)

the field of larvae of the first brood. While this feature is of a more
or less speculative nature, it may be regarded as T)eing in close accord-

ance with facts.

RESULTS AT LINCOLN.

Lincoln is located 65 miles west of Roswell, between El Capitan

Mountain and Sierra Blanca peak, a northerly spur of the Sacramento
M(juntains, and has an altitude of some 5,700 feet. Through the

c<jurtosy of Dr. J. W. Laws a number of l)earing apple trees were set

aside for use in banding, and these furnished larvae throughout the

season. While the; bands were [)Iuced on the trees early in May, no
larvae wore found until Juno 1.'^ iJospite the fact that larvae oc-

curred more or less intermittently from that date until the season

clos(ul, November 7, it would ap[)oar that only two full broods and
a partial third are found in <ho iiigher fruit-growing regions.

The nicords found in Table LXl show ttiat the maximum nuiu])er

of larvae of the first brood of that season were found beneath the
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bands July 13. The greatest number of second-brood larvse occurred

August 30, 48 days later, and the very probable overlapping of this

brood with larvae of the partial third brood, coupled with a decreas-

ing amount of available fruit during the late summer and early fall,

J one: JULY /AUGUST SEPrCMBCR \
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Fig. 13.—Curve shomng occurrence of codling-moth larvae under bands on apple trees, Lincoln, N.

Mex., 1913. (Original.)

undoubtedly was influential in producing a uniform number of larvss

from which no reliable maximum number could be determined.

Table LXI.—Codling-moth larvsefrom hands and emergence of moths, Lincoln, N. Mex.,
1913.

[LarvsB collected by Mr. E. A. Engstrom.)

Record No.
Date of

collection.

Num-
ber of
larvae.

Emer-
gence of

moths.

Num-
ber of
winter-
ing lar-

vae.

1 May 20
23
26
29

Jime 1

4

7

10
13

16
19
22
25
28

July 1

4

7
10
13
16
19
22
25
28
31

Aug. 3

6

9
12

2
3

4

5
6
7
8
9.. . 7

25
35
20
20
17
14

36
56
46
67
60
41

37
32
17
10
17
30
25
61

6

18
29
13
18
14

14

31
42
40
50
50
24
31
23
12

8
9

20
11

22

1

7
6

7

2
3

5
10
6
17
10
17
6
9

5
2

8
10
14

39

10
11.

12
13 .

14

1.5

16
17
18
19
20
21
22
23
24
25. . .. .

26
27.
28
29... .

Record No.

30
31

32
33
34
35
36
37
38
39
40
41

42
43
44

45
46
47
48
49
50
51

52
53
54
55
56
57
58

Date of

collection.

Aug. 15
18
21

24
27
30

Sept. 2
5

8

11
14

17
20-

23
26
29

Oct. 2

5

8
11

14

17
20
23
26
29

Nov. 1

4

7

Num-
ber of

larvae.

84
100
134

156
134
167
93
89
88
71
56
89
78
50
34
20
28
30
26
32
40
29
12

7
23
1

6
14

15

Emer-
gence of

moths.

Num-
ber of
winter-
ing lar-

vae.

49

74

110
150
132
166
93
89
87
71
56
89
78
50
34
20
28
30
26
32
40
29
12

7
23
1

6
14

15



LIFE HISTOKY OF CODLIISTG MOTH IN PECOS VALLEY, N. MEX. 85

The band-record curve

found in figure 13 is in-

tended to show in a gen-

eral way the fluctuating

occurrence of larvse in

the region of Lincoln,

and in addition to illus-

trate the periods when
greatest numbers of lar-

vse may probably be

present.

Wliile the figures in

Table LXI give the num-
ber of moths emerging

from each specific collec-

tion, no dates correspond-

ing to these emergences

are included. Reference

to figure 14 will, how-

ever, furnish data show-

ing the number of moths

emerging on specified
days from June 26 until

September 20, after which

date the adults failed to

appear. The somewhat
exceptional fluctuating

feature of the emergences

is here graphically illus-

trated.

RESULTS AT SANTA FE.

Santa Fe is located

somewhat north of the

geographical center of

New Mexico, at an alti-

tude; of about 7,000 feet.

Wliih; commercial fruit

growing has never hccn

conducted hereon as ex-

tensive a scale as in many
()t?ier parts of tiie State,

tlie s<-f:ti()n has long Ix'cn

s<-ttlcd uikI tli(! growing

of fruit liiislx'oti f)racti<'('(l
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for many years. Because of the rather exceptionally liigh altitude

and its possible effect on insect behavior, it was considered desirable

to make band records in this mountain locality.

Through the courtesy of Dr. James Rolls, a number of trees were
obtained for this purpose, and bands placed on them in May. How-
ever, no larvae were found until June 7, when 5 were taken from the

bands, 4 of which proved to be wintering larvse. The maximum
number of larvae of the first brood occurred July 16, the exact date

of the occurrence of the greatest number of larvse of the second

brood at Roswell. From tliis date on the number collected is so

variable that no very definite conclusions can be drawn. However,
it appears probable that the overlapping of first-brood larvae with a

partial second brood may have taken place about September 5.

Reference to Table LXII will show the great number of wintering

larvae after August 1 and the nmnber of moths emerging from, band-

record larvae throughout the season.

Table LXII.

—

Band recordsfor the codling moth at Santa Fe, N. Mex., 1913.

[Larvae collected by Mr. Alfred Rolls.]

Record No.
Date of
collec-

tion.

Nimi-
ber of
larvEe.

Emer-
gence of
moths.

Winter-
ing

larvae.

Record No.
Date of

collec-

tion.

Nvun-
ber of
larvae.

Emer-
gence of

moths.

Winter-
ing

larvffi.

7 June 7

10
13
16
19
22
25
28

Julv 1

4

7
10
13
16
19
22
25
28
31

Aug. 3

6

9

12
15
18
21

5 1 4 33 Aug. 24

27
30

Sept. 2

5

8
11
14

17
20
23
26
29

Oct. 2

5

8
11

14
17
20
23
26
29

Nov. 1

4

7

15
26
19
20
22
16
11

7
6
17
9

15
8 34 26
9 35 19

10 1

2
4 2

1

2
2

36 20
11 37 92

12 38 16
13.- .. 39 11

14 2 2 40 7

15 41 6
16 ... 1

3
10
21
38
23
24
28
19
25
19

35
34
37
25
36
31

3'

8
12

28
14

7

8
4

i'

i

2

9

10

1?
20
15
25
19

42 17
17 43 9

18 44.

19 45 4

13

7

12
11

8
8
6
6

4

20 46
47

13
21. 7

22 48 12

23 49 11

24. 50 8
25... 51 8
26 52 6
27 53 6
28. 54

29 37
25
36
31

55
5630

31. 57
32 58 1 1

In figure 15 may be seen a diagram illustrating the variable manner
in which the larvae were found to occur in the field at Santa Fe
during the season of 1913. While it is difficult to account for this

evident variation, weather conditions prevaihng at times during the

period of observations very probably influenced the number of larvae

materially.

The emergence of moths from band-record larvae at Santa Fe was

more or less regular, according to the curve found in figure 16, as

contrasted with the corresponding illustration deahng with the emer-
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gence of moths from band-record larvae collected at Lincoln the same

season. From a total of 260 larvae removed from the bands at Santa

Fe, 169 larvae, or 65 per cent, proved to be wintering larvae, and 88 of

the entire number transformed the same season to emerge as moths.

SEASONAL HISTORY OF THE CODLING MOTH DURING 1913.

Figm'e 17 illustrates graphically the seasonal history of the codling

moth during 1913 with dates of the respective broods and genera-
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Fig. 15.—Curve showing occurreace of codling-moth larvse under bands on apple trees, Santa Fe,

N. Mex., 1913. (Original.)

tions. As in the case of figure 4, illustrating the seasonal history for

1912, the periods indicated by these diagrams are averaged or general-

ized, and the tables giving actual dates of occurrence should be con-

sulted when specific information is wanted. Both of the seasonal-

history charts are made on the same plan and the description of figure

4 on pages 31-32 will apply alike to both of the illustrations.
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SUMMARY.

In the Pecos Valley of New Mexico the codling moth produced

during 1012 three complete generations. In lOl.'i a partial fourth

broofl of larvae developed, and it is considered probable that this is

of normal occurrence.

Pupation of overwintering larvae in 1912 began March 15 and con-

firiucid for about one. month. In 1913 the first pupa was noticed

Mapfh 2'.', and pu[)ii,fiori conl/inucd for 51 diiys.
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Moths of the spring brood in 1912 were first in evidence April 12

and continued to emerge to May 28. In 1913 the spring brood of

moths was out from April to early June.

Female moths of the spring brood in 1912 hved on the average 8.47

days and in 1913, 12.88 days. Male moths in 1912 lived 6.7 days.
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Fig. 17.—Diagram showing the seasonal history of the codling moth at Roswell, N. Mex., in 1913.

(Original.)

In 1912 oviposition of the spring brood of moths began x^prll 16,

continuing 45 days, while in 1913 first eggs of this brood were noted
May 1. The time required for first-brood eggs to hatch in 1912 was
9.05 days, with a range of 5 to 13 days, whereas in 1913 eggs of this

brood hatched on an average in 5.96 days/ with a range of from 4 to
11 days.
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Fii"st-brood larvge in 1912 fed on an average 21.52 days, and in 1913,

24.45 days.

The pupal stage of the first brood in 1912 averaged 12 days, and in

1913, 11 days.

Moths of the first brood in 1912 were out June 9 and continued to

emerge until July 22. In 1913 first moths were out June 3, the period

of emergence lasting until July 10.

First-brood moths in 1912 oviposited over an average period of

4.45 days, and in 1913, 5.7.

The Ufe cycle of the first generation in 1912 required on the average

51.14 days, and in 1913, 46.91 days.

Second-brood eggs in 1912 averaged 5.62 days for incubation, with

a minimum of 4, and a maximum of 8 days. The incubation period

of eggs of this brood in 1913 was on the average 4.9, with a minimum
of 4 and a maximum of 7 days.

The feeding period of second-brood larvae in 1912 averaged 21.23

days, and in 1913, 19.7 days.

The pupal stage for second-brood pupae in 1912 averaged 11.23

days, and in 1913, 11.06 days.

The Ufe cycle for the second generation of the codling moth in 1912

averaged 41.26 days, and in 1913, 41.04 days.

Eggs of the third brood in 1912 averaged 5.75 days for the incu-

bation period, with a minimmn of 4 and a maximum of 9 days. In

1913 the incubation period for eggs of this brood averaged 5.36 days.

During 1912 tliird-brood larvae fed on an average of 26.55 days

with a range of from 15 to 56 days, whereas in 1913 the average feed-

ing period for this brood was 20 days, the range being from 15 to 28

days.

The pupal stage of the third brood in 1912 required on an average

14.94 days, with a minimum of 11 and a maximum of 20 days. The
average lengtli of this stage in 1913 was 11.4 days, witli a minimum
of 7 and a maximum of 17 days.

The life cycle of the third generation of 1912 required on an aver-

age 48.57 days, with a range of from 36 to 62 days, and in 1912,

43 days, with a range of 34 to 58 days.

Fourth-brood (!ggs were in evidence in 1913 on August 20, and

oviposition continued to September 8. Tiio incubation period, on

an average, was 7.9 days.

The feeding period of fourth-brood lai-vao in 1913 averaged 38.36

days, with a niinirnuni of 25 days and a maximum of 53 days. All of

these larv8B passed the winter as sucli.

liocords of egg deposition by individual moths were obtained

with f(!malcs of tlie spjing brood and also of tlu^ (irst and second

broods. The maximum egg (h^position ])y a female of the spring

brood in 1912 was 91 eggs, wliih; llie average rnnnlxu- per moth was

approximately 28 eggs.
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The highest oviposition record estabhshed was by a female of the

second brood in 1913, with a total of 259 eggs. .

Oviposition may occur two days after the emergence of moths,

and, on an average, moths of the first brood in 1913 continued ovi-

position over a period of 5.7 days.

The average incubation period for all eggs of the four generations

produced during 1913 was 6.4 days. The corresponding average for

the three generations during the season of 1912 was 6.8 days.

Studies in the insectary of the hourly emergence of moths show
that of 788 records of individuals the greatest number, 17.44 per

per cent, emerged at 3 p. m. In general the maximum period of

emergence was found to occur at the time of, or almost immediately

following, the period of highest temperature for the day. There was
some variation from this, however, earlier in the season.

Fourth-brood larvae were found leaving the fruit on September 23,

after a feeding period of 28 days. Larvse of this brood persisted as

late as October 21 in the rearing shelter, and the last collection from

bands in orchards showed larvse to be present as late as November 1.

The wintering larvse of 1913, as illustrated in figure 17, were com-

posed of 7.16 per cent of the larvse of the first brood; of 19.98 per

cent of the larvse of the second brood; of 75.06 per cent of larvse of

the third brood; and of 100 per cent of the fourth brood.

The feeding period of wintering larvse of the first brood in 1913

was 0.68 day longer than the corresponding period for the transform-

ing larvse of the same brood. Wintering larvse of the second brood

fed 1.94 days longer than transforming larvse of this brood, while the

length of feeding period of wintering larvae of the third brood exceeded

that of the transforming larvse by 1.1 days.

The probable effect of sudden changes of temperature on the activi-

ties of the codhng moth is illustrated in figure 8. Temperature

records also accompany figure 1.

Successful band records were made during 1913 at Roswell, Artesia,

Lincoln, and Santa Fe. From available data the conclusion is drawn
that at Lincoln there occur two full generations and a partial third,

while at Santa Fe, a more northerly location, there appears to be

but one complete generation, followed by a partial second.
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INTRODUCTION.

The cooperative experiments conducted on the Cheyenne Experi-

ment Farm, Archer, Wyo., were started in 1912.^ Three years'

results of the work are now available. It is reaHzed that three years

in a dry-farming district is too short a period to warrant the draw-

ing of conclusions. However, the demand for available facts is very

strong and these data should be interesting and helpful to those

engaged in dry farming in the higher parts of the northern Plains

area. Therefore, it seems advisable at this time to present the

results thus far obtained.

Cooperation between the Bureau of Plant Industry and the Wyo-
ming Board of Fann Commissioners was effected on July 1, 1912.

According to the memorandum of understanding between the two
parties

—

The objects of these cooperative investigations shall he {a) to improve the cereals

of the northern Plains area by introducing or breeding better varieties than those

now grown, with special reference to earliness, drought resistance, winter hardiness,

quality, yield, etc.; and (h) to determine the l)est methods of cereal production under

dry-land conditions in the area named.

' The writer was .suficriniendent of the Cheyenne l';xrjcrimcnt Farm from September 1, li)12, until April

;V), 191.1, when he returned to the Nephi substation, In I'liih. Mr. Victor II. Florell was apjioinled scien-

tific a^sLstant in i.-creul lnve."itl>;ation.s and .surjerinlendent of the experiment farm on .\pril 20, 1U15, and
wan in charge during the cropping season of 1015. Credit is hereby ifiven him (or > ho roaults obtained la

thsit year.

oajaj'— Hull. 4(0—10—

i
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The results obtained at Archer are appHcable to a greater or less

extent to northeastern Colorado, western Nebraska, a narrow por-

tion of western South Dakota, and to eastern Wyoming. However,

the climatic conditions in any particular locality should be compared
carefully with those obtaining at Archer before the data are too

widely appHed. The elevation at Archer is as great and the climatic

conditions probably are as severe as in the other districts mentioned,

so that the results should be quite generally appHcable.

This bulletin contains (1) a description of the district to which

the results apply, (2) a description of the Cheyenne Experiment Farm
and the scope and method of the experiments conducted there, and

(3) the results of these experiments mth different field crops and
cropping methods.

DESCRIPTION OF THE DISTRICT.

The district here described includes the plains of southeastern

Wyoming, western Nebraska, and northeastern Colorado. The re-

sults presented in this bulletin are believed to be generally appHcable

to this district.
HISTORY.

The district was first used for stock grazing. It was the home of

ranchmen who owned or leased large areas of land. The ranches

were located on streams or springs, in order to have water available

for stock during the summer months.

When Wyoming was admitted as a State in 1890, 4,042,160 acres

were granted by Congress for educational and other public purposes.

By a provision in a law approved in 1891 no State lands c,ould be

sold at less than $10 per acre. As a result of this law, up to 1902

only a Httle over 5,000 acres of State land had been sold. Mean-
time numerous provisions had been enacted for leasing the State

lands in order to secure some revenue from them. Leasing prices

ranged from 2 J to 25 cents per acre annuaUy, the price depending

on whether the land was accessible to water for stock or for irriga-

tion. The land leased readily and ranchmen became prosperous.

The high sale price of State lands and the large area leased, including

practically aU the natural watering places, have operated to keep

out the small dry-land farmer. The opposition of the ranchmen to

general farming is another factor that has retarded cereal production

in Wyoming.
As the population increased and land prices became higher in the

Central States large numbers of people have continued to move
westward. This western migration, which has been especiaUy marked
during the past decade, has resulted in the settlement or home-
steading of large areas of the higher Plains region, formerly used for

grazing.
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The new settlers on these lands for the most part come from the

Central States. They come into an area that requires farming

methods different from those to which they are accustomed. They
are confronted by numerous and varied problems of crop adaptation

and production which are entirely new to them. Rehable im"orma-

tion on crops and farm practices is seriously needed.

TOPOGRAPHY.

The district outhned above hes to the east of the foothills of the

Rocky Mountains, at an elevation ranging from 5,000 to 6,000 feet.

The land is gently rolling. It slopes eastward from the foothills to

about 102° W. longitude, which may be called the eastern boundary
of the higher western Plains area. In this district the summers are

short and only short-season crops will mature.

SOILS,

The soils of the district are of varying types, ranging from light

sandy loam to a very heavy impervious clay loam. They are under-

lain with gravel at some points and with hardpan at others. The
humus content of the soil generally is low over the entire district.

The soil in many locaUties is very light and subject to drifting, while

in other locahties it is very heavy and difficult to work. In general,

however, the soil is fairly easy to work and is rich in plant food

elements. While it is low in humus content, crop yields are usually

good when the moisture supply is not too limited.

VEGETATION.

The native grass vegetation of southeastern Wyoming consists

largely of buffalo grass (Bulhilis dadyloides) , blue grama (Bouteloua

oligostachya) , western wheat-grass (Agropyron smitJiii, formerly A.

occidentale) , and httle bluestem {Andropogon scoparius). These are

common grasses of much of the Great Plains area. They are drought

resistant, nutritious, and well suited for grazing purposes.

The most abundant native legumes are TJiermopsis divaricarpa,

milk vetch {Astragalus rulsurgens and A. hisulcatus), narrow-leaved

vetch ( Vida linearis) , and lupine (Lujnnus pusillus) . Some vetches

and lupines when green are considered poisonous to animals, but are

not believed to be poisonous when cured.

Jlussian thistle (Salsola tragus), Canada thistle {Oarduus arvensis),

yellow mustard (Brassica, and Sisynhhrium, spp.), and tumbleweeds

(Arn/iranthus spp.) are among the most common weeds, particularly

on land wlu^re the native sod has been broken.

CLIMATE.

There are at least ihvcv. distinct climatic- fiictors that, influence

directly or indirectly fbe yields of crops in seiniai-id n^gions. These

arc (1) precipitation, particularly the distribution of the rainfall; (2)
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wind, particularly that which passes du'ectly over the ground during

the crop season; and (3) temperature, with special reference to the

length of the frost-free period in a given locahty.

PRECIPITATION.

Rainfall is undoubtedly the most important factor in crop produc-

tion in southeastern Wyoming. Table I shows the monthly,
seasonal (April to July), and annual precipitation at Cheyenne,

Wyo., in the 16-year

period, 1900 to 1915,

inclusive. The sea-

sonal and annual

precipitation are

shown graphically in

figure 1.

Table I shows
that the highest

monthly precipita-

tion during the 16-

year period was 7.66

inches, in April, 1900.

The lowest monthly
precipitation during

that period was a

trace, in November,
1901. The highest

seasonal (April to

July) precipitation

recorded during the

16 years was 15,36

inches, in 1905. The
lowest seasonal pre-

cipitation was 4.77

inches, recorded in

1903. The average seasonal precipitation was 8.59 inches.

The highest annual precipitation recorded during the 16-year

period was 22.68 inches, in 1905. The lowest annual precipitation

during the same period was 10.85 mches, in 1911. The average

annual precipitation for the 16 years was 15.78 inches.

The monthly precipitation varies widely from year to year.

Marked variations are observed also in the seasonal and annual

precipitation of the different years.

vi n' V ^ X \' V "^

Q N Oj fh

S S ^ <5

? 5 9> &
§ ^ ^ §
0)

5j ^ 5

Fig. 1.—Diagram showing the seasonal and the annual precipitation

(in inches) at Cheyeime, Wye, for 16 years, 1900 to 1915, inclusive.
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The growing season, or the period during which spring cereals make
most of their growth, covers the four months from April to July, inclu-

sive. It is the rainfall durmg these four months that is of most vital

concern in crop growth. Most crop failures other than those caused

by factors of limited duration, such as hot wind, frost, or hail, are due

to the insufficiency or poor distribution of the moisture during these

months. According to the data recorded in Table I for the 16

years, 1900 to 1915, about 54 per cent of the annual precipitation

comes between April 1 and July 31, the period of most active crop

growth.

Table I.

—

Monthly, seasonal {April to July), and annual precipitation at Cheyenne,
Wyo.,for the 16-year period, 1900 to 1915, inclusive.

[Data (in inches) from the records of the United States Weather Bureau except as noted.]

Year. Jan. Feb. Apr. May. July. Aug. Sept. Dec.
Sea-

sonal.
Annu-

al.

1900
1901
1902
1903
1904
1905
1906
1907
1908
1909
1910
1911

1912
1913
1914
1915

Average
M a X 1 -

mum.
Mi n 1-
mum.

0.15
.13
.21
.20
..35

.84

.21

.42

.36

..33

.29

.49

.44

.55

.10

1.25
1.10
.55
1.76
.33
.69
.21
.49
.20
1.42
..31

.56
1.60
.74
.23
.49

0.72
1.54
2.11
1.00
.45
1.27
2.27
.49
.16

3.22
1.45
.16

1..33

.33

.72

.71

7.66
2.97
1.49
2.10
1.80
6.45
3.10
1.32
.36
.97
1.14
1.93
1.62
1.35
62.54
*4.90

0.76
2.47
2.51
.46
6.66
4.04
1.30
2.78
6.19
2.15
2.34
.33
1.37
2.22
61.46
61.78

1.01
1.93
1.55
1.42
1.78
1.90
2.42
.34

2.52
4.01
.76
1.64
1.17

61.5!
61.12
61.83

1.20
1.34
1.49
.79

2.00
2.97
1.89
3.50
4.33
1.08
1.32
1.21

1.82
62.06
61.43
61.65

0.70
.83
.53
1.90
.87
1.93
.49
.80

2.45
1.40
.62
1.35
1.44

62.09
62.03
62.53

2.19
.75

3.52
1.40
.83
1.06
1.86
92
.09

1.37
1.80
1.35
3.91
62.23
6 .32
61.95

0.03
.31
.52
.34
.57
1.40
2.33
.08
1.14
.28
1.04
.95

2.59
1.43
1.29

61.81

0.09
oT
.23
.79
.02
.11
1.42
.59
.59
.73
.29
.59
.58
.37
.26

' .03

0.33
1.62
1.79
.09
.06
.02
.15
.55
.70
.66
.69
.29
.63

2.00
.16

6 .56

10.63
8.71
7.04
4.77
12.24
15.36
8.73
7.94
13.40
8.21
5.56
5.11
5.98
7.14
6.55
10.16

16.09
14.99
16.50
12.25
15.72
22. 68
17.65
12.34
19.09
17.62
12.05
10.85
18.50
16.28
11.66
18.32

.75

1.76

.20

1.12

3.22

.16

2.61

7.66

.36

2.43

6.66

.33

1.68

4.01

.34

1.88

4.33

.79

1.37

2.53

.49

1.60

3.91

1.01

2.59

.03

.42

1.42

T

.64

2.00

.02

8.59

15. 36

4.77

15.78

22.68

10.85

a T= trace.
f> Data obtained at the Cheyenne Experiment Farm by the Office of Biophysical Investigations of the

Bureau of Plant Industry.

EVAPORATION.

Second to precipitation ui importance is evaporation, especially

that which occurs during the growing season. Table II shows the

monthly evaporation and precipitation at Archer for the four months
of this season in each of the three years 1913, 1914, and 1915. The
evaporation here recorded is from a free water surface, June and
July an; the months of highest evaporation at Archer. The total

evaporation for th<'. four months varies considerably, ranging from
20 inches in 1915 to 25.58 inches in 1914.

The ratio of precipitation to evaporation dining tli<^ growing season

in 1913 to 1915, inclusive, is interesting and instructive. The data

show that the ratio vari(is widely in the difFi^rent years. The liigher

the precipitation, the nearer tlie ratio approaches ec^uality and the

higher the crop yields. Low (evaporation is associated with high

yields, |)r(A'id<'d tin; riiirifnU is iionnal. Tho evaporation during
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April is naturally much lower than that during the warmer months.
In the only year in which a good crop was obtained, the- precipitation

was high and the evaporation low, making a ratio of 1 :2.

Table II.

—

Monthly and total precipitation and evaporation from a free water surface
at the Cheyenne Experiment Farm, Archer, Wyo., in the months of April to July,
inclusive, for 1913, 1914, and 1916.

[Data (in inches) obtained by the Ofliee of Biophysical Investigations of the Bureau of Plant Industry,
except as noted.]

April. May. June. July. Total.
Ratio,

Year. Pre-
cipi-

ta-

tion.

Evap-
ora-
tion.

Pre-
cipi-

ta-
tion.

Evap-
ora-
tion.

Pre-
cipi-

ta-
tion.

Evap-
ora-
tion.

Pre-
cipi-

ta-

tion.

Evap-
ora-
tion.

Pre-
cipi-

ta-
tion.

Evap-
ora-
tion.

•itation

to
evapo-
ration.

1913 01.35
2.54
4.90

6 3.217
3.574
3.160

02.22
1.46
1.78

6 5.304
5.703
4.701

1.51
1.12
1.83

7.104
8.317
5.557

2.06
1.43
1.65

7.756
7.987
6.638

7.14
6.55
10.16

23.381
25.581
20.056

1:3.27
1914 1:3.91
1915 1:1.97

a Data from United States Weather Bureau at Cheyenne, Wyo. 6 Interpolated.

Wind velocities have been recorded at Cheyenne during a long series

of years. The average wind velocity in miles per hour, by months,

from April to July of each year, in the 16-year period from 1900 to

1915, inclusive, is given in Table III. Strong winds are quite com-

mon in southeastern Wyoming, and crops are damaged at times by
the drifting soil. The highest velocities are recorded during the late

fall and winter months. April has the highest average hourly velocity

for the months under discussion, 11.2 miles, and July the lowest, 8.5

miles, per hour. The anemometer was located at a height of 64 feet

above the ground. These readings, therefore, probably are higher

than they would have been if the anemometer had been located just

above the surface. Evaporation usually increases with wind velocity.

In the winter months the snowfall is, as a rule, blown to the lower

levels, leaving the winter crops exposed. For this reason winter-

killing of fall-sown crops is common.

Table III.

—

Average wind velocity at Cheyenne, Wyo., by months, from April to July

of each year, during the 16-year period, from 1900 to 1915, inclusive.

[Data (ia miles per hour) from the records of the United States Weather Bureau.]

Year. April. May. June. July.
Aver-
age.

Year. April. May. June. July.
Aver-
age.

1900 9.3
10.1
10.2
11.6
12.0
9.9
10.8
11.6
11.9

9.5
9.9
10.1
11.0
10.5
10.0
10.3
10.0
11.5

9.5
9.4
10.6
8.4
8.9
10.2
11.9
9.8
9.3

8.5
8.2
8.6
9.9
8.5
7.9
7.1
7.9
7.3

9.2
9.4
9.9
10.2
10.0
12.0
10.0
9.8
10.0

1909 11.6
11.8
11.6
11.6
10.1
13.5
11.8

12.5
10.1
11.6
11.9
8.6
11.1
12.1

8.2
10.1
8.9
9.1
10.2
12.1
12.1

8.2
8.1,
8.9
8.3
8.5
9.7
10.8

10.1

1901 1910 10.0

1902 1911 10.3

1903 1912 10.2

1904 1913 9.4

1905 1914 11.6

1906 1915 11.7

1907
Average 11. 2 1 10. 7 9.9 8.51908 9.8
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TEMPERATURE.

The maximum, minimum, and mean temperatures for tlie four

months, April to July, of each year during the 16-year period from

1900 to 1915, mclusive, are shown in Table IV. The highest tem-

perature recorded during the entire period was 95° F. and the lowest

4° F. The summers are not extremely hot and the nights are always

cool.

Table IV.

—

Maximum, minimum, and mean temperatures at Cheyenne, Wyo., by months,
from April to July of each year, for the 16-year period, 1900 to 1915, inclusive.

[Data (in ° F.) from the records of the United States Weather Bureau.]

April. May. June. July.

Year.
Max- Min- Max- Min- Max- Min- Max- Min-
imum. imum. imum. imum. imum. imum. imum. imum.

1900 69 6 40.2 81 25 54.8 92 40 65.4 90 39 64.9
1901 79 8 40.2 77 31 53.7 90. 35 60.0 95 44 71.4
1902 74 9 41.6 82 28 52.8 92 37 61.0 93 40 63.8
1903 71 4 40.0 77 24 48.0 88 30 56.9 89 40 66.8
1904 72 15 41.5 77 26 49.2 80 36 57.2 87 37 63.2
1905 73 12 37.3 77 25 47.2 88 42 61.6 88 42 63.8
1906 74 16 43.2 77 27 51.0 88 33 57.9 88 39 62.9
1907 72 15 39.3 80 8 45.4 83 36 5S.1 91 43 66.3
1908 75 7 44.2 81 23 47.8 85 40 57.9 89 36 65.0
1909 70 10 36.0 75 18 46.8 89 41 61.3 93 44 68.0
1910 82 21 46.4 79 25 49.6 91 37 62.7 95 43 69.2
1911 71 14 41.4 79 25 52.2 87 43 64.6 86 42 64.7
1912 62 17 40.2 81 28 50.4 86 33 58.5 86 46 65.0
1913 73 19 43.1 81 28 52.0 88 40 60.8 92 43 65.2
1914 67 12 40.2 76 27 51.1 85 41 61.4 86 43 66.6
1915 70 26 46.0 79 21 46.4 78 29 54.6 89 33 62.3

Average.. 72 13 41.3 79 24 49.9 87 37 59.9 90 41 65.6

Data showing the dates of the latest frost in spring and the first

frost in autumn and the length of the frost-free period for each year

from 1900 to 1916 are presented in Table V. These data were

obtained from the records of the United States Weather Bureau at

Cheyenne, Wyo.

Table -V.—Dates of kUling frosts, the last in spring and the first in autumn, with the

length of tli£frost-free period, at Cheyenne, Wyo., in each year, 1900 to 1915, inclusive.

[Data obtained from the records of the United States Weather Hureau.]

Year.

Dates of killing

frosts.

Frost-freo
period.

Year.

Dates of killhiR

frosts.

I'>ost-free

Last in
spring.

First in

autiunn.
Last in
spring.

First in
autumn.

period.

1000 May 19
May 22
May 21
June 1

May 17
May 16
May 6
May 14

May 10

Hept. 26
Sept. 16
Hcpt. 12
Hept. 14

...do
Oct. 9
Oct. 4

Hept. 20
Bept. 26

Days.
129
117
113
105
119
145
150
128
138

1909 Muy 25
May 22
May 27
May 14

May 3
May 7

June 13

Sopt. 22
Aug. 25
Oct. 19
Soj)t. 15
.S(!l)t. 20
Sept. 14

Oct. 5

Dayx.
119

1901 1910 94
1902 1911 144
19fO 1912 123
19fM 1913 139
190.'i 1914 130
1906 1916 114

1908 May 18 Sopt. 21 126
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The United States Weather Bureau, in reporting killing frosts,

uses the staple crops of any given locality as a basis for determining

the character of a given frost. Therefore, a temperature of 32° F.

is not necessarily a kilhng frost, depending on the hardiness of the

staple crops grown in the area under discussion.

At Cheyenne the average frost-free period is 125 days.

CHEYENNE EXPERIMENT FARM.

LOCATION.

The Cheyenne Experiment Farm is located in Laramie County, in

southeastern Wyoming, about 8 miles east of Cheyenne and half a

mile southeast of Archer. Archer is on the Union Pacific Railroad,

while Cheyenne is on the Union Pacific, the Colorado & Southern,

and the Chicago, Burlington & Quincy Railroads. The farm is about

Fig. 2.—Buildings on the Cheyenne Experiment Farm, Archer, Wyo., in 1915. (Photograph lent by

the Office of Dry-Land Agriculture Investigations.)

35 miles west of the Nebraska State line and 15 miles north of the

Colorado State line. It lies in about 41° 8' N. latitude and 104° 48'

W. longitude. A view of the farm buildings is shown in figure 2,

of the barns and silo in figure 3, and of a farmers' round-up at the

station in figure 4.
DESCRIPTION.

The farm consists of 250 acres. It was part of a large cattle ranch

and for years had been used for grazing purposes. The soil is a sandy

loam, varying in depth from 3 to 6 feet. Below these depths the soil

is gravelly or sandy. The surface soil contains a low percentage of

humus.

The farm slopes gently a little south of east and excellent surface

drainage is afforded.

A map of the farm is shown in figure 5. The experimental work
has been conducted on the west field. This field, of about 100
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acres, is laid out in series lettered from A to L, inclusive. Each

contains 67 tenth-acre plats except series J, K, and L, each of whicli

contains only 46 tenth-acre plats. Eighteen acres of this field are

devoted to rotation experiments mider the direction of the Office of

Dry-Land Agriculture Investigations. The soil on the entire experi-

mental area is as uniform as can be expected m this district and is

fairly representative of the soil of southeastern Wyoming.

SCOPE OF THE EXPERIMENTS.

Varietal experiments m plats have been conducted with winter

and spring wheat, ermner, and oats, and with spring barley, flax,

and proso. Rate-of-seeding and date-of-seeding tests have been made
with whiter wheat and with spring wheat, oats, barley, and flax.

Fig. 3.—Silo and cow l)am on the Cheyenne Experiment Farm, Archer, Wyo. (Photograph lent by
the Office of Dry-Land Agriculture Investigations.)

In 1913, 7 varieties of winter wheat, 1 of winter eiiimer, 32 varie-

ties and 11 pure lines of spring wheat, 14 varieties of oats, 16 of

barley, 12 of flax, 8 of proso, and 8 of grain sorghum were grown

at Archer. Rate-of-seeding and date-of-seeding tests with 2 whiter

wheats, 1 spring wheat, 1 spring oats, and 1 spring ])arley and a

date-of-seeding test with flax were also conducted. In 1914 the

number of winter wlieats was materially increased. A few flax

varieties and a rate-of-seeding test with flax also were added. In

1915 the number of varietic^s and (;x|)(»rim(!nts wns about the same
as in 1014.

KXPEIIIMKNTAL METHODS.

Two general in(;tiiods of experimentation have ])ecn used at

Archer. Cereal varieties have been tested in field ])lats and in

nursery rows. It is possible to lest C(;onomicaUy a miicli lai-gcr
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number of varieties in the nursery than m the plats. Only the

data obtained from the plat tests are reported in this paper. All

rate-of-seeding and date-of-seeding experiments have been con-

ducted on field plats.

SIZE AND ARRANGEMENT OP PLATS.

In 1913 and 1914 tenth-acre plats were used in varietal, rate-of-

seeding, and date-of-seeding experiments. Tlie plats were 2 by 8

rods, or 33 by 132 feet, arranged hi series of 67 plats. The plats in

each series were separated by 5-foot alleys and the series of plats

were separated by 20-foot roadways. Thus each plat was bordered

on each side by a 5-foot alley and on each end by a 20-foot road.

Li 1915 the plats used were a thirtieth and a twentieth of an acre,

being 11 by 132 feet and 16.5 by 132 feet, respectively. The thir-

FiG. 4.—Farmers' round-up on the Cheyeniie Experiment Fann, Archer, Wyo. Each year the

fanners in the community visit the station and inspect the experimental work. (Photograph lent

by the Office of Dry-Land Agriculture Investigations.)

tieth-acre plats were separated by 18-inch alleys and the twentieth-

acre plats by 30-inch alleys. Thus the thirtieth-acre plats were

bordered on the sides by 18-mch alleys and on the ends by 20-foot

roads. The twentieth-acre plats had 30-inch alleys on each side

and 20-foot roads on each end. The long dimension of the series

extended east and west, while that of the plats extended north and

south. The series are designated by the letters A to M. The plats

are numbered from 1 to 67, inclusive.

REPLICATION OF PLATS.

In 1913 the winter wheats were grown in dupHcate tenth-acre plats.

The spring wheats and other spring cereals were grown in single

tenth-acre plats. In 1914 all winter and spring cereals were grown
in single tenth-acre plats except a few spring-wheat varieties, which
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were grown in triplicate tenth-acre plats. In 1915 the wmter-wheat

varieties were grown in triphcate thirtieth-acre plats and most of

the spring cereals in duphcate twentieth-acre plats.

PREPARATION OF THE LAND.

In the preparation of the seed bed the aim at Archer has been

to do the work in as practical a manner as possible. However, at

tunes the land has probably been given better preparation than

would be profitable on the average farm.

XW crops were grown on breaking in 1913 and on fallow land in

1914. In 1915 the winter wheats were grown on fallow and all

spring crops on land which had produced corn the previous year.
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Fig. 5.—Map of the Cheyenne Experiment Farm, Archer, Wyo., showing the location of the principal

experiments and the manner in which the farm is divided into series and plats.

HATES AND DATK.S OK SEEDING.

lu the varietal experiments at Archer, winter and spring wheats

have been seeded at the rate of 3 pocks per acre. The smaU-kernelcd

early oats have been sown at tlic rate of 4 pecks, and the larger

kemeled midseason varieties at the rate of 5 pecks per acre. Barley

has been sown at the rate of 4 pecks and flax at 15 pounds per acre.

Winter wheat, except in the fall of 1912, has been seeded between

September 1 and 15. Sf)ririg wheat, oats, and barley have l)een

sown between Af)ril 1 5 and May 1 . Flax and proso have been seeded

between May 15 and 25.
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INTERPRETATION OF EXPERIMENTAL RESULTS.

The interpretation of the results obtained from plat experiments is

difficult. This is due to the large number of factors which must
be considered in determining the relative value of different varieties

or different cultural methods. Generally speaking, the variety that

gives the highest average yield of good quahty in a period of several

years is the one that should be grown. It is really quite difficult to

obtain a variety that is consistently a high yielder and also is high

in quality. Variations in soil and seasonal and annual variations in

climate have a great influence on crop production in dry-land areas.

AU these factors must be thoroughly studied, in order that rehable

conclusions may be drawn. The experiments at the Cheyenne

Experiment Farm have been under way for only three years. This

is too brief a period to give the needed long-time average of yields

or to permit sufficient study of soil and cUmatic variations.

EXPERIMENTS WITH WHEAT.

At Archer, experiments with winter and spring varieties of wheat

have been conducted in field plats and nursery rows. Most of the

work, however, has been done on field plats. Wheat is the leading

crop in southeastern Wyoming. Spring and winter varieties are

grown on about equal acreages. More work has been done at

Archer with wheat than with any other cereal.

WINTER WHEAT.

Experiments with winter wheat have included varietal, rate-of-

seeding, and date-of-seeding experiments. The work at Archer is

relatively new. Therefore Httle has been done in the improvement

of crop varieties. The work has been confined for the most part

to the testing of varieties known to be the most promising for the

dry-land districts.

VARIETAL EXPERIMENTS.

The varietal experiments with winter wheat on the Cheyenne

Experiment Farm have included for the most part the hard, red win-

ter varieties of the Crimean group. Seven varieties have been grown

for three years, 1913, 1914, and 1915, while eight additional varieties

have been grown for two years, 1914 and 1915. The annual and

average yields of winter-wheat varieties are presented in Table VI.

In 1913, seven winter-wheat varieties and strains were grown in

duplicate tenth-acre plats on sod that was broken in August, 1912,

double disked twice, and harrowed. The plowing was poorly done

and the seed bed was rather rough. The seed was sown on October 5,

1912. The plants emerged on October 25, but made little growth

before winter. The stands obtamed were rather thin, but tillered
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enough, the next spring to make fair yields. The rainfall during the

growing season was below normal.

In 1914, 15 varieties and strains of winter wheat were grown in

tenth-acre plats on fallow land. The land was plowed in the faU of

1912 and left rough until the sprmg of 1913, when it was double-

disked and kept free from weeds during the summer. The varieties

were sown September 9, 1913. The fall of 1913 was wet, and good

stands of aU varieties were obtained. The winter wheats were 3 to 6

inches high when winter began. The winter was cold and open, and
practically all varieties winterkilled considerably. A few plats

apparently were favorably located, and on these the winter survival

was much higher than on the others. The winterkilling was not

uniformly distributed on the plats, but occurred ui patches or streaks.

The survival of a variety did not necessarily indicate winter hardi-

ness, since the same variety sown on different plats had a markedly

different winter survival. However, certain soft winter wheats less

hardy than those of the Crimean group were entirely winterkilled.

It is beheved that the yields reported in Table VI are representative

of what could reasonably have been expected from winter wheat on
fallow land in 1914, as winterkilling was quite general on farms in

the vicinity. The precipitation for the growing season was below
normal, as shown in Table I.

Table VI.

—

Annv/il and average yields of varieties of winter wheat grown on the Cheyenne
Experiment Farm in 1913, 1914, and 1915.

CI. No.

Yield per acre (bushels).

Group and variety.

a 1913 1914 6 1915

Average.

3 years,
1913 to

2 years,
1914and

1915. 1915.

Crimean:
Kharkof 1442 9.8 4.7 37.1 17.2 20.9

Crimean 1559 9.7 3.2 38.6 17.2 20.9
Do 1432 9.5 4.7 36.1 16.8 20.4

Turkey 1571 10.0 c7.9 32.0 16.6 20.0
Malakoff 2908 10.3 37.

6

16.0 18.8

Crimean 14.37 9.2 2.5 35.

1

15. 6 18.8

Turkey
Alberta Red

2998
2979
1543
1.583

1355-2-2

14.38

1359
3.330

1632

9.3

13.7
7.7
5.0
6.0
4.0

7.8
4.5
12.8
5. (1

82.

5

37.8
36.8
35.

6

32. ()

37. (>

38.

27.1
32.8

18.2

23.1
22.8
20.9

Kharkof 20.8
18.3

Misw^Ilan^ous:
fJhirka Winter 22.7
I^ifhl Mediterranean 21.3
Hiitrum No. 17 20.0

19.2

o Average of 2 tenth-acre plats.
'' AveraKO of 3 thirtieth-acre plats.

e Average of 3 tenth-acre plats (checks).

For the 1915 crop the winter wlioat varieties were sown on vSop-

temlxT X, 1911, in triplifiile on lliiftieth-afn^ plats. They wenr sown

on full-plowed fiiJJovv land tlmt liad been kept free fioin weeds during
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the summer of 1914. The stands obtauied and growth made before

winter were good. The whiter survival was high. The seasonal

rainfall was considerably above normal, while the temperature was
below normal durmg the growing season. The varieties yielded

very well in 1915, as is shown in Table VI.

Table VII shows the agronomic data for seven varieties of winter
wheat grown at Archer in the three years 1913,1914, and 1915. These
data include average dates of heading and maturity, height, weight
per bushel, yield of grain and of straw, and ratio of grain to straw.

The weight per bushel is for the two years 1914 and 1915. The
weight per bushel was low in 1914, the grain being shrunken. The
highest average yield, 18.2 bushels per acre, was produced by the

su /^£-/9y^c:/?£:

\/&.6-

C-/?/Af^/^A^, c:/.A/.''/SSS
I

C/?/Af£-/9A^,C./.A/?/^3S
I

C/r'/Af£'/^N, C./.A'°/^37'

Fig. 6.—Diagram showing the average yields of seven varieties of winter wheat on the Cheyenne

Experiment Farm, 1913 to 1915, inclusive.

Ghirka Winter wheat (C. I. No. 1438). The lowest average yield,

15.6 bushels, was obtained from the Crimean (C. I. No. 1437). The
ratio of grain to straw was lowest for Ghirka Winter and highest for

Crimean (C. I. No. 1432). The average ratio for the seven varieties

is about 1:2. In figure 6 the yields of the seven varieties of winter

wheat grown at Archer from 1913 to 1915, inclusive, are shown
graphically.

Table VII.

—

Average date of heading and maturity, height, weight per bushel, yields,

and ratio of grain to strato of seven varieties of winter wheat grown on the Cheyenne
Experiment Farm, 1913 to 1915, inclusive.

Group and variety.
CI.
No.

Dates of

—

Height.
Weight
per

bushel.i

Yield per acre.
Ratio,

grain to
straw.Heading. Maturity. Grain. Straw.

Ghirka:
Ghirka Winter 1438

1442
1559
1432
1571
2908
1437

June 29

...do....
.do

July 28

July 26
...do. . ..

Inches.

27

28
28
26
28

130
27

Pounds.
61

58
60
60.5
60
62
58.5

Bush.
18.2

17.2
17.2
16.8
16.6
16.0
15.6

Pounds.
2,018

2,170
1,847
2,463
2,040
1,769
1,804

1:1.85

Crimean:
Kharkof 1:2.10

Crimean . .

I

1

1 79

Do
Turkey

July 2
June 29
1 July 2
June 29

July 30
July 26
1 July 31
July 27

2.44
9, 05

Malakoff 1.84
1 93

I Average for two years.
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The leading varieties of winter wlieat, with the exception of the

Ghirka Winter, belong to the Crimean group. The Ghirka Winter is

a beardless variety with white, glabrous chaff and hard, red kernels.

The Crimean group is characterized by bearded heads with white,

glabrous chaff and hard, red kernels. Turkey is the leadmg variety

on the farms m this section of Wyoming. A plat of Turkey winter

wheat on the Cheyenne Experunent Farm is shown in figure 7.

RATE-OF-SEEDING EXPERIMENT.

A rate-of-seeding experiment has been conducted at the Cheyenne

Experunent Farm smce 1913 with two varieties of winter wheat.

The rates of seeding have ranged from 2 to 7 pecks per acre. The

Fig. 7.—A plat of winter wheat on disked com land on the Cheyenne Experiment Farm, 1915. (Pho-

tograph lent by the Office of Dry-Land Agriculture Investigations.)

annual and average yields in the rate-of-seeding test of the Turkey and

Ghirka Winter wheats are shown in Table VIII.

Table VIII.

—

Annual and average yields of the Turkey and GhirM Winter wheats in. a

rate-of-seeding test on the Cheyenne Experiment Farm in 191.3, 1914, and 1915.

Yield per acre.

Variety and rale of

.seeding.
1913 1914 1915 :i-year average.

Grain. Straw. Grain. straw. Grain. Straw. Grain. S(;raw.

Turkey: BusheU. Powndn. BuhUcU.

()

I'liund.i. Bu.ihds.
32.5
35.5
32.0
34.8
35.

1

J'oundx.

4,070
4,<M)
4,.'') to

5,030
5, 0!»0

Bu.sluls. Pounds.

O.l
9.0
10.1

10.4
9.9

715
585
830
750
(WO

14.9
13.7
15.0
1.^.. 2

1,902
4 pecks 1,708

1,953
<> pw.k.s J, 947

Ohirka winter:
35.

8

35.

5

32.8
31.3
:«), 5

4,700
5, 080

5, 130

5,040
4,920

3 \>(!ckn 9.3
7.4
8.6
9.3
7.6

fKX)

450
695
650
750

14.9
13.8
13.3

13.3

1,893

4 [>w;k.s

6 pw.ks
1,800
1,878
1,890

1
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In 1913 the sowings were in tenth-acre plats on land that was
plowed in August, double disked twice, and harrowed before seed-

ing. The sowings were made on October 5, 1912. Little or no

winterkilling occurred. The seasonal rainfall was below normal

and the yields were relatively low. With the Turkey the highest yields

were obtained from the 5-peck and 6-peck rates, while with the

Ghirka Winter the 3-peck and 6-peck rates gave the highest yields.

In 1914 the two varieties were again grown in tenth-acre plats on
fallow land. The seed was sown on September 10, 1913. There

was sufficient moisture present in the soil to start germination im-

mediatel}^ and a good fall growth resulted. The winter was cold

and open, and as a result all rate sowings were so badly winterkilled

that the plats were reseeded to spring crops.

In 1915 the rate-of-seeding test included rates of 2 to 6 pecks

per acre. Sowings were rnade on September 9, 1914, in triplicate

thirtieth-acre plats on fallow land. The stands obtained were good
and an excellent fall growth resulted. All plats had a high winter

survival and the yields were high. The 3-peck and 6-peck rates

gave the highest yields with the Turkey wheat, while with the

Ghirka Winter there was a gradual decrease in yield as the rate of

seeding increased.

The average yields for the three years, 1913 to 1915, inclusive,

are shown in Table VIIL With the Turkey, the highest average

yields were obtained from the 3-peck, 5-peck, and 6-peck rates of

seeding. The differences in yields from these rates were very small.

With the Ghirka Winter the highest average yield was obtained from

the 3-peck rate of seeding. Light seeding probably is to be preferred.

It is the practice on the farms to sow about 3 pecks per acre in this

section.
DATE-OF-SEEDING EXPERIMENTS.

Date-of-seeding experiments with the Turkey and Ghirka Winter

wheats have been conducted since 1913. The annual and average

yields obtained from the date-of-seeding tests are shown in Table IX.

In 1913 the sowings were in tenth-acre plats on breaking. The
highest yields were from the earlier sowings. In 1914 the sowings

were in tenth-acre plats on fallow land. Better stands and better

faE. growth were obtained from the earlier sowings. Winterkilhng

was severe on all plats. The plats of both varieties sown Septem-

ber 1 survived the winter best and were harvested. The plats sown

on other dates were reseeded to spring crops.

In 1915 the sowings were in triplicate thirtieth-acre plats on fal-

low land. Good stands and excellent fall growth were obtained from

the three earlier seedings. From the two later seedings fair stands



Cereal experiments on the cheyenne experiment farm. 17

were obtained, but there was very little fall growth. The plats of the

Turkey wheat sown on September 1 and 15 gave the highest yields.

With Ghirka Winter, the plats sown on September 1 and 15 and

October 1 all yielded practically the same. The September 15 sow-

ing gave slightly the highest yield. The results to date seem to indi-

cate that early seeding (September 1 to 20) is to be preferred, pro-

vided conditions are favorable to germination and fall growth. The
farmers in this section practice early seeding when possible.

Table IX.-

—

Annual and average yields of the Turkey and Ghirka Winter wheats in a
date-of-seeding test on the Cheyenne Experinunt Farm in 1913, 1914, and 1915.

Yield per acre.

Variety and date of
1913 1914 1915

Average.

seeding.
1913 to 1915 1914 and 1915

Grain. Straw. Grain. straw. Grain. Straw. Grain. Straw. Grain. Straw.

Turkey:
Aug. 15

Bush. Lis. Bush.

6.8

7.8

Lhs.

1,145

•

910

Bush.
29.6
38.1
38.8
34.5
25.6

Lhs.
3,400
4,460
4,430
3,140
2,220

Bush. Lbs. Bush.
14.8
22.5
19.2
17.2
12.8

Lbs.
1,700

Sept. 1 2,802
Sept. 15 2,215
Oct. 1 8.8

8.5
6.7

635
673
455

-U.4:
11.4

1,258
964

1,570
Oct. 15 1,110
Nov. 1

Ghirka Winter:
Aug. 15 27.0

29.3
31.3
30.1
17.1

2,970
3,630
4,140
3,070
1,690

13.5
18.6
15.7
15.0
8.5

1,485
Sept. 1 2,270
Sept. 15 2,070
Oct. 1. 8.4

8.4
6.1

505
545
390

12.8
8.5

1,192
745

1,535
Oct. 15 845
Nov. 1

I

SPRING WHEAT.

Spring wheats are grown as extensively in eastern Wyoming as

winter wheats.. A greater number of varieties of spring wheat than

of winter wheat have been tested at the Cheyenne Experiment Farm.

Tliirty-three varieties and strains have been included in the experi-

ments during the three years, 1913, 1914, and 1915. The annual and

average yields of these varieties are shown in Table X.

These varieties may be divided into two classes, common and

durum. These classes may be separated further into groups.

Eighteen of the varieties are common wheats and 15 are durum
wheats. These two classes of wheat and the; most important groups

of each which are represented in the Gresit Plains area may be sepa-

rated by the foUowing descriptive key: *

' Ball, C. R., and Clark, .7. A. Varlctios of hard spring wheat. U. S. Dopt. Agr., I'^armors' Bui. (iHO,

p. 6, 9, 18. 191').

5.565(}°— Bill 1 . 4.".f)—

I

C, :i
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Descriptive key to varieties of spring wheat.

Heads rather slender, beardless or beards less than 3 inches long;

spikelets far apart, scarcely overlapping,

wide when seen in face view Common wheat.
Heads beardless

:

Chaff white, glabrous 1. Fife.

Chaff white, pubescent 2. Bluestem.

Heads bearded

:

Chaff white, glabrous 3. Preston.

Heads rather stout, all bearded, beards 4 to 8 inches long; spike-

lets close together, much overlapping, narrow

when seen in face view Durum wheat.
Chaff yellowish:

Chaff glabrous

—

Beards yellow 1. Kubanka.

Beards black 2. Pelissier.

Chaff pubescent

—

Beards black 3. Velvet Don.

Chaff black:

Chaff slightly pubescent

—

Beards black 4. Kahla.

VARIETAL EXPERIMENTS.

The varietal experiments with spring wheat are reported here in

two separate series. The first contains the varieties grown in the

regular varietal test. The second contains some lots obtained from

the Minnesota experiment station in the spring of 1913, too late for

mclusion in the regular series. All except one were discarded at the

end of 1915. They were not grown in any of the three years on plats

comparable in size with those of the regidar series. The annual and

average yields of the 33 varieties and strains of spring wheat grown
in the regular varietal test in 1913, 1914, and 1915 are shown in

Table X.
In 1913 the varieties of spring wheat included in Table X were sown

on April 25 and 26 in tenth-acre plats on land that was broken in Octo-

ber, 1912. It lay in the rough until the spring of 1913, when it was

double disked and harrowed before seeding. Good stands were ob-

tained of practically all varieties. The spring was rather cold and

late. Precipitation during the growing season was below normal, as

is shown in Table II. A hailstorm on June 19 damaged the varieties

slightly. The yields in 1913 ranged from 1.3 bushels from Crossbred

(C. I. No. 3695) to 9.4 bushels from Erivan (C. I. No. 2397). The
average yield of the 14 durum varieties was 7.7 bushels, while that

of the 18 common spring varieties was 6.3 bushels per acre. The best

variety of durum wheat yielded 8.8 bushels, 1.4 bushels less than the

best common wheat.



CEEEAL EXPERIMENTS ON THE CHEYENNE EXPERIMENT FARM. 19

In 1914 the spring-wheat varieties were sown on April 21 and 22

in tenth-acre plats on spring-plowed fallow land. Good stands were

obtained on all plats. The spring was late, cool, and wet. The pre-

cipitation for the growing season was below normal. A hailstorm on
June 14 damaged the spring wheat to some extent, Dm-ing both

1913 and 1914 the crop prospects were excellent until about June 1,

when the crops began to suffer from drought. The yields in

1914, as shown in Table X, ranged from 3.1 bushels per acre for

Crossbred (C. I. No. 3695) to 13 bushels per acre for Kubanka
(C. I. No. 1516). The average yield of the 14 durum varieties was 12

bushels, while the average yield of the 18 spring common varieties

was 8.9 bushels per acre. The best variety of durum yielded 13

bushels, or 2.6 bushels more than the best common wheat.

Table X.

—

Annual and average yields of SS varieties and strains of spring wheat grown
on the Cheyenne Ex/periment Farm in 1913, 1914, and 191.5.

CI.
No.

Yield per acre (bushels).

Group and varietj'.

1913 1914 a 1915
3-year
average.

COMMON WHEATS.
Preston:

2397
4141
4154
1541
3698
3081

2398
3703

4062
3641
1517
3022
2873
3697

2874
3082
3021
3695

1520
1516
1350
1440
1444
1447
1493
1354
1593
4064

1584
2228

1445

3024
1471

9.4
8.3
8.7
7.2
6.7
4.7

67.9
7.7

8.5
9.0

69.2
8.3

6 5.8
4.7

64.4
3.4
2.6
1.3

7.7
7.1
8.3
7.5
7.8
7.5

^7.2
7.7
7.9

66.4

68.7
6.7

8.6

67.5
7.3

9.5
10.2
8.5
9.3
9.8
8.1

clO.S
9.3

10.4
C8.4
clO.O
• 8.1
9.6
7.3

C9.0

6.5
5.3
3.1

11.9
13.0
12.8
12.5
11.5
12.3

«12.3
12.8

ell. 5

10.7

ell. 6
10.3

10.8

clO.6
11.8

22.0
19.0
19.5
19.3
15.3
14.8

21.2
9.5

19.7
20.9
13.2
11.7
12.5
12.3

11.7
11.2
10.7
9.0

28.9
27.6
26.0
25.6
25.9
24.1
23.8
22.1
21.5
23.6

22.6
18.8

24.4

22.8
/13.1

13.6
Red Russian 12.5

12.2
11.9

Preston 10.6
Do 9.2

Unclassified:
Galgalos 13.1
Defiance 8.8

Fife:
Cole Hybrid 12.9
Marcjuis 12.8
Ghirka Spring 10.8
Rysting " " 9.4
Glyndon (Minn. No. 163) 9.3

8.1
Bluestem:

Haynes (Minn. No. 169) 8.4
7.0
6.2
4.5

DURUM WHEATS.
Kubanka:

16.2
Kubanka 15.9

15.7
15.2

Yellow Ghanlovka 15.1
14.6
14.4
14.2

Marouani 13.6
13.6

VtiHiviU'j:

14.3
Karagolla 11.9

Velvet, Uon:
Velvet Don 14.6

Kahia:
13.6

HU: flur 10.7

« Averago of 2 twentielh-iM-ro platH.
6 Average of 2 U-nlh-iwri: [)latH.

« A vcrage of 3 tcnth-stcro plats.

<i Average of 15 chock plats.
< Average of 12 chock plats.
( Severely rogucd.
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In 1915 the spring-wheat varieties were sown April 27 and 28 and
May 4 in duplicate twentieth-acre plats. These were on com stubble

that had been double disked and harrowed once previous to seeding.

Good stands were obtained on aU plats. The spring was late, cool,

and wet. The precipitation during the growing season was consid-

erably above normal, due to the high precipitation of April. The
entire growing season was cool and favorable to crop growth. Hail-

storms on July 5 and August 17 probably did some damage to the

spring wheats. However, the most serious damage was due to rust,

which affected all the spring common varieties. The lowest yield in

1915 was 9 bushels, from Crossbred (C. I. No. 3695), and the highest

28.9 bushels per acre, from Beloturka (C. I. No. 1520). The average

yield of the 15 durum varieties was 23.4 bushels, while the average

yield of the 18 spring common varieties was 15.2 bushels per acre.

Table XI shows the rank of the groups of spring wheats when
arranged according to yields to be as follows: (1) Durum, (2)

Preston, (3) unclassified (4) Fife, and (5) Bluestem. Table XI also

shows certain agronomic data, including the average dates of head-

ing and maturity, height, weight per bushel, yield, and the ratio

of grain to straw, for the leading varieties of spring wheat grown
on the Cheyenne Experiment Farm from 1913 to 1915, inclusive.

Table XI.

—

Average dates of heading and maturity, height, weight per hushel, yields,

and ratio ofgrain to straw,for 16 varieties ofspring wheat grown on the Cheyenne Experi-

ment Farm, 1913 to 1915, incltisive.

Group and variety.

Durum:
Beloturka
Kubanka
Pererodka
Kubanka

Preston:
Erivan
Red Russian ,

Spring Tm-key
Unclassified:

Galgalos
Defiance ,

Fife:

ColeHybrid
Marquis ,

Ghirka Spring
Rysting ,

Glyndon (Minn. No. 1C3)
Bluestem:

Haynes (Minn. No. 169).

.

Marvel

C.L
No.

1520
1516
1350
1440

2397
4141
4154

2398
3703

4062
3641
1517
3022
2873

2874
3082

Date of-

Heading. Maturity

July 13

...do

...do

...do.....

July 15
July 16
July 17

July 15
July 18

July 17
July 15
July 14
July 20
July 18

..do
July 21

Aug. 18
Aug. 17
Aug. 18
...do

Aug. 15

Aug. 16

Aug. 17

Aug. 16
Aug. 18

...do
Aug. 16
...do
Aug. 18
Aug. 19

...do
Aug. 21

Height,

Inches.
28
27
29
27

21
24
25

22
25

27
24
25
25
23

24
25

Weight
per

bushel.i

Lbs.
62.0
61.5
62.0
61.7

58.0
58.0
60.0

59.2
53.2

58.5
58.5
56.5
54.2
55.7

51.0
53.5

Yield per acre.

Grain. Straw

Bush.
16.2
15.9
15.6
15.2

13.6
12.5
12.2

13.1
8.8

12.9
12.8
10.8
9.4
9.3

8.4
7.0

Lbs.
1,215
1,222
1,395
1,197

1,188
1,273
1,240

983
1,063

1,268
1,056
1,015
1,297
1,221

1,095
1,147

Ratio,
grain to
straw.

1 : 1. 25
1:1.28
1 :1.49
1:1.31

1 : 1. 46
1 : 1. 70
1 : 1. 69

1 : 1. 25
1 : 2. 01

1 : 1. 64

1 :1.37
1 :1.57
1 :2.30
1 : 2. 19

:2.17
:2.73

1 Average for two years.

The durum wheats have headed earlier than the spring common
wheats, but have been a little later in maturing than the leading

varieties of common wheat. The durum varieties also have grown

taller, weighed more per measured bushel, yielded higher, and given

a higher ratio of grain to straw than the spring common varieties.
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The yields of the leading varieties of each group are shown graphically

in figure 8.

MISCELLANEOUS MINNESOTA VARIETIES.

Eleven lots of Fife, Bluestem, and Preston wheats were obtained

from the Minnesota Agricultural Experiment Station late in the

spring of 1913. They were sown in fiftieth-acre plats on breaking.

The stands were good, except that of McKendry (C. I. No. 4147).

These wheats were shattered about 15 per cent by hail on August 16.

All were late in maturing and the yields were low.

In 1914 these wheats were sown on fallow land in plats of varymg
size. Good stands were obtained. Yields were better in 1914 than

in 1913.

In 1915 the wheats were sown in single twentieth-acre plats on

double-disked corn ground. The stands obtained were good. While

fi'^/?£/T'C>£>/r/i C/./VP/SSO

G////i'/('/^, O/.A'f/S'/T'

^(/P£-/?/IC/f£'

/3./

Fig. 8.—Diagram showing the average yields of the leading varieties in each group of spring wheat
on the Cheyenne Experiment Farm, 1913 to 1915, inclusive.

the varieties were damaged by rust, the yields obtained were fairly

good, as is shown in Table XII, but the quality was poor. The
average yields of these wheats in the three years, 1913 to 1915,

inclusive, are much lower than those obtained from most of the

varieties in the regular varietal test (Table X).

LKADINC; VARIKTIEH.

The leading durum wheats have jdelded from 2 to 3 bushels per

acre more than tlie leading common wheats. Yields from the lead-

ing varieties of tFio Preston, Fife;, and misccUanoous groups liavc

been practically the same. The Bluestem varieties have been con-

sistently the lowest in yield.
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Table XII.

—

Annual and average yields of 11 spring common wheats from Minnesota
grown on the Cheyenne Experiment Farm in 191S, 1914, and 1915.

Group and variety.

Preston:
Velvet Chaff.

Fife:

Glyndon
Do

McKendry...
Do

Power
Do

Rysting
Wellman

Bluestem:
Bolton
Haynes

C.I.
No.

4153

4143
4146
4147
4152
4150
4151
4148
4144

4142
4145

Minn.
No.

1011

163
285
288
903
886
899
476
165

146
169

Yield per acre (bushels).

1913

2.0
1.5
4.0
2.5
.4
1.3
2.2
3.0

.6

.6

1914

6.9

3.7
4.1

07.

3

4.2
08.3
4.6
4.1
7.0

4.6
»9.5

1915

15.0

9.3
10.3
9.7
10.7
9.3
11.0
10.3
12.7

10.0
11.3

3-year

5.0
5.3
7.0
5.8
6.0
5.6
5.5
7.6

5.1
7.1

o Damaged by haU.

The leading varieties of durum wheat at Archer belong to the

Kubanka group. This group of durums has broad heads with long,

pale awns, yellowish, glabrous glumes, and large, hard, amber ker-

nels. The Beloturka, Kubanka, and Pererodka varieties have given

the highest average yields.

The spring common wheats grown at Archer are divided into four

groups. The Preston group has bearded heads, white glabrous

glumes, and hard red kernels. The Fife group has beardless heads,

white glabrous glumes, and hard red kernels. The bluestem group

has beardless heads, white pubescent glumes, and hard red kernels.

The unclassified group includes some varieties which do not belong

in any of the three groups just described. The Galgalos variety has

a beardless head, brown pubescent glumes, and large soft white ker-

nels. The Defiance has a beardless head, white glabrous glumes, and

soft white kernels. The leading varieties in each of these groups are

shown in Table XI.
RATE-OF-SEEDING EXPERIMENT.

A rate-of-seeding experiment with Arnautka durum wheat has

been conducted at the Cheyenne Experiment Farm for three years,

1913 to 1915, inclusive. The annual and average yields obtained

are shown in Table XIII.

In 1913 the rate-of-seeding test was sown in tenth-acre plats on

breaking. Good stands were obtained from all rates. The highest

yield was obtained from the 2-peck rate.

In 1914 the rate-of-seeding test was sown in tenth-acre plats on

fallow land that had been spring plowed. Good stands were ob-

tained. The highest yield was produced on the plat sown at the

rate of 4 pecks per acre.

In 1915 the rate-of-seeding test was sown in duplicate twentieth-

acre plats on double-disked corn ground. The highest yield was ob-
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tained from the 2-peck rate. For the three years, the 2-peck rate of

seedmg gave the highest average yield. However, there is httle

difference in the average yields at the 2-peck, 3-peck, and 4-peck

rates.

Table XIII.

—

Annual and average yields of Arnautka durum wheat in a rate-of-seeding

test on the Cheyenne Experiment Farm in 1913, 1914, and 1915.

Yield per acre.

Rate of seeding. 1913 1914 1915 3-year average.

Grain. Straw. Grain. Straw. Grain. straw. Grain. Straw.

2 pecks
Bush.
10.0
9.2
8.4
8.3
7.8
6.0

Lhs.
625
800
725
660
610
505

Bush.
9.5
10.3
10.8
8.6
9.2
10.5

Lhs.
1,220
1,060
985

1,070
1,050
970

Bush.
26.4
24.3
26.1
24.9
23.8
25.3

Lbs.
2,180
2,140
2,120
2,100
1,950
2,040

Bush.
15.3
14.6
15.1
13.9
13.6
13.9

Lbs.
1,342
1,333

4 pecks 1,277
1,277

6 pecks 1,203
7 pecks 1,172

DATE-OF-SEEDING EXPERIMENT.

A date-of-seeding experiment with Spring THirkey common wheat

has been conducted at the Cheyenne Experiment Farm diu-ing the

three years, 1913, 1914, and 1915. The annual and average yields

obtained in this test are shown in Table XIV.

Table XIV.

—

Annual and average yields of Spring Turkey common wheat in a date-

of-seeding test on the Cheyenne Experiment Farm in 1913, 1914, and 1915.

Yield per acre.

Date of seeding. 1913 1914 1915 3-year average.

Grain. straw. Grain. straw. Grain. Straw. Grain. straw.

Bushels.
a 16. 7

9.3
9.1

Pounds.
850
625
7.50

Bushels.
8.3
8.0
6.4

Pounds.
890
935
765

Bushels.
15.8
16.5
12.8

Pounds.
1,890
1,680
1,830

Bushels.
13.7
11.5
9.4

Pounds.
1,210

Mav 1

May 15
1,080
1,115

a Computed yield.

In 1913 the date-of-seeding test was sown in tenth-acre plats on

faU-plowed breaking. The stands obtained were good. The earlier

date of seeding gave the highest yield. The drill failed to sow a por-

tion of the plat sown on April 15. The portion actually seeded,

one-fifteenth of an aero, was harvested, and the yield computed on a

tenth-acre basis.

In 1914 the date-of-secding test was sown in tenth-acre plats on

spring-plowed fallow land. Stands were good. The highest yield

was obtained from the May 1 seeding.

In 1015 tli(! test was sown in duplicate twentieth-acre plats on
doiihlc-diskcd co/ti ^^roiind. Tlic highest yield was ()])t)iined again
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from the May 1 seeding. The results to date indicate that fairly

early spring sowing is to be preferred.

COMPARISON OF WINTER AND SPRING WHEATS.

In comparing the results from winter wheats, durum wheats, and

spring common wheats it is observed that (1) better yields were

obtained in 1913 from winter wheats, yet the difference in yield of the

leading varieties of winter and spring wheat was not very great. (2)

Better yields were obtained in 1914 from the spring wheats, the

winter wheats being severely winterkilled. (3) In 1915 winter-wheat

yields were much higher than those of spring wheat. (4) The
.average yields of the winter wheats in the years 1913, 1914, and 1915

are higher than those of any of the spring-wheat groups. (5) Durum
wheats stand next to winter wheat when ranked according to yield,

(6) Winter wheats undoubtedly will give higher yields than spring

wheats if winterkilling is not too severe.

The annual and average yields of some of the leading varieties of

winter and spring wheats for the three years, 1913 to 191 5, are shown
in Table XV.

Table XV.

—

Annuau and average yields of the leading varieties of winter, durum, and
spring common wheats grown on the Cheyenne Experiment Farm, 1913 to 1915,

inclusive.

Group and variety.

WINTER "WHEAT.
Ghirka:

Ghirka Winter.
Crimean:

Kharkof

Durum:
Beloturka.

Common:
Erivan
Galgalos...
Marquis . .

.

SPRING WHEAT.

CI.
No.

1438

1442

1520

2397
2398
3641

Yield per acre (bushels).

9.3

9.4
o7.9
9.0

7.8

4.7

9.5
blO.3

8.4

1915

37.6

37.1

22.0
21.2
20.9

3-year

18.2

17.2

16.2

13.6
13.1
12.8

a- Average of 2 tenth-acre plats. b Average of 3 tenth-acre plats.

The average yields of winter and spring wheat are not strictly

comparable, since the winter wheats were grown on fallow in 1915,

while the spring wheats were grown on disked corn ground.

It appears that it may be more profitable to grow spring wheat,

especially the durums, after corn if the corn crop is profitable for

forage. It may be possible also to grow winter wheat after corn,

but data are not available at present. More data must be obtained

before it wiU be possible to say whether winter or spring wheat is the

more profitable. The average yields of the leading varieties of each

group of wheats are shown graphically in figure 9.
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EXPERIMENTS WITH EMMER AND SPELT.

One variety each of winter and of spring enimer has been grown
at Archer during the 3-year period, 1913 to 1915, inclusive.

WINTER EMMER.

Black Winter emmer has been tested each year. In 1912 a tenth-

acre plat was sown and about 50 per cent survived the winter. This

plat yielded at the rate of 14,2 bushels per acre. In 1913 several

plats were seeded at different rates. The stands and fall growth were

good on aU plats, but the crop entirely winterkilled. In 1914 three

twentieth-acre plats were sown to winter emmer at different rates.

A fair stand was obtained and the winter survival was high. The
average yield of the three plats was about 20 bushels per acre.

Winter emmer has not survived the winters as well as winter wheat
and the yields have been much lower. Winter emmer evidently is

not adapted to conditions on the high western plains. The average

Ci^/.S4^os,c:/.A^?s39e

A^/ifi'(pi//s,c:/.//.''3e'9/

FiQ. 9.—Diagram showing the average yields of the leading varieties of winter and spring wheat on the

Cheyenne Experiment Farm, 1913 to 1915, inclusive.

yields of emmer at the Cheyenne Experiment Farm have been lower

than those of either spring oats or barley.

Winter emmer is drought resistant, but it is not nearly so hardy
as the Crimean group of winter wheats. The data available indicate

that Black Winter emmer is a doubtful crop in eastern Wyoming
and growing it should not be encouraged at present.

SPRING EMMEK.

White Spring emmer has been grown at Archer in each of the three

years, 1913 to 1915, inclusive. In 1913 a tenth-acre plat was sown.

The stand obtained was too thick and the growth was short. The
plat yi(!ld(3d at th(! rate of 7.2 busliels per acre. In 1914 a tenth-acre

fuUow pljit was sown. On this plat the stand was very thick und the

growth was short, yielding at th(^ rate of 13.4 bushels per acre. In

1915 three tw(!nti<itli-acr<! plats were sown at th(^ rate of 3, 4, and 5

pecks per ucix! on tlx' barley scale. Under \\w. l.-ivonible conditions
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which prevailed, the 3-peck and 4-peck rates yielded 27 bushels and

the 5-peck rate 28.5 bushels per acre. The average yield of the three

plats was 27.5 bushels per acre. When compared with spring barley

or oats it is seen that spring emmer has not yielded as well as either

of these crops during the 3-year period.

WINTER SPELT.

Only one variety of winter spelt has been tested at Archer, and

that for only one year. On September 11, 1913, a tenth-acre plat

was sown to Red Winter spelt. A good stand and a fair fall growth

resulted, but the plants were entirely winterkilled. Spelt will prob-

ably never be an important crop in this area.

EXPERIMENTS WITH OATS.

WINTER OATS.

Only one variety of winter oats has been tested at Archer. On
September 11, 1913, a tenth-acre fallow plat was sown to the Bos-

well Winter variety. A good stand and a fair fall growth resulted.

The plants were all killed, however, during the ensuing winter, and
winter oats have not since been grown. Oats are much less winter

hardy than wheat and there is no likehhood that they will succeed

as a winter crop in this section of the Great Plains area.

SPRING OATS.

The value of the oat crop in Wyoming is gTeater than that of any

other cereal. A large proportion of the crop is grown under irriga-

tion. Fairly good yields are obtained on the dry lands, however.

VARIETAL EXPERIMENT.

Fifteen varieties of spring oats have been tested at the Cheyenne

Experiment Farm during 1913, 1914, and 1915. The aimual and

average yields of these varieties are shown in Table XVI. The oat

varieties were grown in tenth-acre plats on breaking in 1913, in tenth-

acre plats on fallow in 1914, and in duphcate twentieth-acre plats

on double-disked corn ground in 1915.

In 1913 the seed bed was poor, the summer dry, and yields low.

The Sixty-Day (C. I. No. 165) was the highest yielding variety, with

15.8 bushels per acre. In 1914 the seed bed was good, the summer
dry, and yields low. The Kherson (C. I. No. 459) was the highest

yielding variety, with 27.5 bushels per acre. In 1915 the seed bed

was good, the spring and summer wet, and jdelds good. The Abun-
dance (C. I. No. 731) was the highest yielding variety, with a yield of

52.4 bushels per acre. Oats do best in a cool, moist climate, which

accounts for their better yields in 1915.
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Table XVI.

—

Annual and average yields of 15 varieties of spring oats grown on the

Cheyenne Experiment Farm in 1913, 1914, and 1915.

C.I. No.

Yield per acre (bushels).

Group and variety.

1913 1914 o 1915
3-year

average.

Early:
Sixtv-Day 165

459
170

134
619
492
714
731
495
741
738
767
769
732

768

15.8
c 12.5
13.0

10.0
7.2

10.5
11.3
7.5
12.2
5.7
5.0
8.3
7.8
5.8

7.8

25.6
c 27.5
24.5

26.7
24.7
23.6
22.5
20.3
22.5
21.3
21.3
19.7
21.4
13.9

18.8

6 29.9
b 29.

3

6 26.5

52.1
51.5
48.7
47.2
52.4
45.0
47.2
45.0
39.3
33.1
32.4

41.5

23.7
Khprsnn

.

23.1
21.5

Midseason:
Swedish Select 29.6
Colorado No. 37 27.8

27.6
Silvermine 27.0
Abundance

.

26.7
Probsteier 26.5
Siberian 24.7
T.inroln 23.7
National 22.4
Montana 20.7
Rannpr 17.3

Late:
Black Tartarian 22.5

a Average of 2 twentieth-acre plats.
b Damaged about .30 per cent by hail.

f Average of 6 tenth-acre check plats.

Oat varieties are usually grouped into early, midseason, and late

varieties. In Table XVII are presented the average data on dates

Fig. 10.— .\ plat of oiit.s on spring plowing on llii-. Cheyeiuio Kxpwinieut Farm in 1915. ( I'hotograph

lent by the Office of Dry-Land Agriculture Investigations.)

of heading urid maturity, height, weight ])cr l)ush<'l, yic^ld per acre,

and ratio of grain to straw for the leading varieties of each group at

Archer during tlie y>-yeur jx^riod, 1013 to 1015, iiichisiv<\

The; curly varieties gave Ix^ttci' yields in \\)\'.\ and 1014 than the

jnidseason or late varieties. In 101.'), liowevcr, tlu*, midseason

varieties gave the high(^st yields, tiie early varieties being damaged
by hail. The average yields for tliree- years show the midseason
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varieties to be highest, the early varieties ranking second. The
early varieties have matured about August 1 and the naidseason and

late varieties about August 14. The one late variety which was

grown, Black Tartarian, usually ripened prematurely, so that the

date recorded for it is earlier than normal. The early varieties

averaged about 24 inches in height and the midseason and late

varieties about 28 inches. The weights per bushel are for two years

and are higher for the midseason and late varieties than for the

early ones. However, all weights are above the legal standard of

32 pounds per bushel. The ratio of grain to straw is about 1 : 1 for

the early varieties, while for the midseason varieties the ratio is

about 1 : 1.35. A plat of early oats at the station is shown in figure

10. The yields from the leading varieties of each group are shown

graphically in figure 11.

/r/v£/?so/v, cv./yffsg

^ajOS/i'^C/?£^

\S3./

co^o/f^oo/YFjz,c/./r'e/s

Si/ic/rwfZ4ff//i//,c/.^^e8\

Fig. 11.—Diagram showing the average yields of five varieties of oats on the Cheyenne Experiment Farm,

1913 to 1915, inclusive.

Table XVII.

—

Average dates of heading and maturity, height, weight per bushel, yield,

and ratio of grain to straw of eight varieties of oats groiun on the Cheyenne Experiment
Farm, 1913 to 1915, inclusive.

Oroup and variety.
C.I.
No.

Date of

—

Height.
Weight

per
bushel .1

Yield per acre.

Heading. Maturity. Grain. Straw.

165
459

134
619
492
714
731

768

July 7...

...do

July 20..

July 21..

...do

Aug. 1...

July 31..

Aug. 13

.

Aug. 14

.

...do

Inches.
23
24

28
25
28
28
28

26

Lbs.
34.5
33.5

36.5
37.7
39.5
37.2
37.0

38.2

BusTl.

23.7
23.1

29.6
27.8
27.6
27.0
26.7

22.5

Lbs.
805
715

1,230
1,120
1,233
1,063
1,065

967

July 20..

July 21..

...do

Aug. 12

.

Aug. 16

.

Aug. 14

.

Ratio,
grain to
straw.

Early:
Sixty-Day
Klherson ,

Midseason:
Swedish Select

.

Colorado No. 37.

Ligowo
Silvermine
Abundance

Late:
Black Tartarian

1 :1.06
1: .97

1 : 1. 30
1:1.26
1 : 1.40
1:1.23
1 : 1. 25

1 : 1.34

1 Average for two years only.

The leading varieties of oats to date are the Swedish Select

(C. I. No. 134) and Colorado No. 37 (C. I. No. 619) of the midseason

group, and the Kherson (C. I. No. 459) and Sixty-Day (C. I. No. 165)

of the early group. The Kherson and Sixty-Day were the leading

varieties in 1913 and 1914, but were reduced in yield by hail in 1915.

It is believed that these two varieties and the Swedish Select are

the best ones to grow in eastern Wyoming.
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RATE-OF-SEEDING EXPERIMENT.

A rate-of-seediiig test with Kherson oats has been conducted at

the Cheyenne Experiment Farm dm-ing the 3-year period, 1913 to

1915, inclusive. Plats have been sown each year at the rate of 3,

4, 5, 6, and 7 pecks per acre. The annual and average yields ob-

tained in this test are shown in Table XVIII. Poor yields were

obtained in 1913. The highest yield (16.6 bushels) was obtained

from the plat sown at the rate of 3 pecks. In 1914 fair yields were

obtained, the highest (28.7 bushels) being from the 6-peck rate. In

1915 good yields were obtained, the highest (50.2 bushels) being

produced from the 6-peck rate. The average yield from this test

shows an increase in yield as the rate of seeding increased. Indi-

cations are that 5 or 6 pecks per acre is about the right quantity

to sow in southeastern Wyoming.

Table X"\mi.

—

Annual and average yields of Kherson oats in a rate-of-seeding test on the

Cheyenne Experiment Farm in 1913, 1914, and 1915.

Yield per acre.

Rate of seeding. 1913 1914 1915

Average.

1913 to 1915. 1914 and 1915.

Grain. Straw. Grain. Straw. Grain. Straw. Grain. Straw. Grain. Straw.

Bunh.
16.6
15.0
14.5
13.6

Lbs.
480
420
475
648

Bush.
24.7
26.2
25.9
28.7
26.4

Lbs.
610
610
770
740
875

Bush.
a 36.0
a 41. 2
a 46. 5
6 50.2
6 50.0

Lbs.
1,560
1,470
1,.540

1,770
1,510

Bush.
25.7
27.4
28.9
30.8

Lbs.
883
833
928

1,053

Bush.
30.3
33.7
36.2
39.4
38.2

Lbs.
1,085

4 pecks 1,040
1,155
1,255

7 pecks 1,192

about 20 per cent by hail. 6 Damaged about 5 per cent by hail.

DATK-OF-SEEDING EXPERIMENT.

A date-of-seeding test with Kherson oats has been conducted on

the Cheyenne Experiment Farm during the three years, 1913 to

1915, inclusive. Sowings have been made each year on April 15,

May 1, and May 15. The annual and average yields obtained from

this test are shown in Table XIX. In 1913 the May 1 sowing, in

1914 the April 15 sowing, and in 1915 the May 15 sowing gave the

highest yields. Thus in the throe years each date of seeding has

given the highest yield once. The highest average yield, as shown
in Table XIX, has resulted from the early seeding. Oats should

be sown early, b(!twe(ui April 1 5 and May 1
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Table XIX.^—Annual and average yields of Kherson oats in a date-of-seeding test on the

Cheyenne Experiment Farm in 1913, 1914, and 1915.

Yield per acre.

Date of seeding. 1913 1914 1915 3-year average.

Grain. Straw. Grain. Straw. Grain. Straw. Grain. Straw.

Apr. 15...

Bush.
7.5
8.3
7.0

Lbs.
260
270
638

Bush.
28.7
26.2
22.5

Lbs.
730
610
670

Bush.
a 34.0
6 33.4
C34.9

Lbs.
1,120
1,150
1,660

Bush.
23.4
22.6
21.4

Lbs.
703

Mayl 677
May 15 989

a Damaged about 3 per cent by liail.

b Damaged about 35 per cent by liail.

c Damaged about 10 per cent by hail.

EXPERIMENTS WITH BARLEY.

WINTER BARLEY.

Only one variety of winter barley has been tested at Archer, and
that in only one year. On September 11, 1913, a tenth-acre plat was
sown to White Club barley. A good stand and a fair fall growth

resulted. The crop was entirely killed during the ensuing winter.

Winter barley is not nearly as hardy as winter wheat, and it is

hardly probable that it can be grown successfully in the Great Plains

area.
SPRING BARLEY.

Spring barley is grown quite extensively in Wyoming, both in irri-

gated and dry-farmed sections.

VARIETAL EXPERIMENTS.

At Archer 14 varieties of spring barley have been tested in the

three years, 1913, 1914, and 1915. The annual and average yields

of these varieties are shown in Table XX. In 1913 the barley

varieties were grown in single tenth-acre plats on fall-plowed break-

ing, in 1914 in single tenth-acre plats on spring-plowed fallow, and in

1915 in duplicate twentieth-acre plats on double-disked corn ground.

Good stands have resulted each year. In 1913 the summer was dry

and yields low. The White Smyrna (C. I. No. 658) yielded best, 10

bushels per acre. In 1914 the growing season was dry and the yields

low, although somewhat higher than in 1913. The White Smyrna
(C. I. No. 658) again was the highest in yield, producmg 16.3 bushels

per acre. In 1915 the spring and summer rainfall was high and the

yields good. * For the third successive year the White Smyrna pro-

duced the highest yield, 38.3 bushels per acre.
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Table XX.

—

Annual and average yields of 14 varieties of spring barley on the Cheyenne
Experiment Farm in 191S, 1914, and 1915.

Group and variety.
C.I.
No.

Yield per acre (bushels).

1913
3-year

average.

Two-rowed hulled:
"White SmjTna (Ouchac) .

.

Hannchen'.
Hanna
Primus
Smyrna
Blackhull

Sis-rowed hulled:
Coast
Manchuria (Mian. No. 6) .

.

Horsford
Manchuria (Minn. No. 105)
Gatami

Six-rowed naked:
Black Hull-less
Baku
Nepal

531
24

532
195
878

638
877
354
575

1106
709
595

10.0
o9.6
8.8
8.9
5.7

63.5

6.6
6.6
6.3
7.2
4.4

9.8
6.2
4.6

16.3
a 16.0
10.8
8.3
9.6
14.8

14.4
11.8
14.5
9.6
15.5

7.5
8.3
8.0

38.3
34.1
32.0
33.9
30.6

6 22.7

41.2
33.5
26.6
30.2
23.7

27.8
23.3
23.8

21.5
19.9
17.2
17.0
15.3
13.7

20.7
17.3
15.8
15.6
14.5

15.0
12.3
12.1

a Average of 6 tenth-acre check plats. 6 Damaged by hail.

In Table XXI the average data are given on dates of heading and

maturity, height, weight per bushel, yield, and ratio of grain to straw

for eight barley varieties grown during the three years, 1913 to 1915,

inclusive, at the Cheyenne Experiment Farm.

Table XXI.

—

Average dates of heading and maturity, height, tveight per bushel, yield

and ratio of grain to straw of eight varieties of spring barley grown on the Cheyenne
Experiment Farm, 1913 to 1915, inclusive.

Group and variet}'.

Two-rowed hulled:
White SmjTna (Ouchac).

.

Hannehen
Harma

Six-rowed hulled:
Coast
Manchuria (Minn. No. i'l)..

' Horsford
Manchuria (.Minn. No. lOoj

8ix-rowed naked:
Black Uull-less

C.I.
No.

658
531
24

690
63H
877
3.54

Dates of—

Heading. Maturity,

•Tuly 12
.July 14
July 22

July 8
July 12
.Tuly 9
July 10

July 14

Aug. 1

Aug. 9
Aug. 8

Aug. 2
Aug. 3
Aug. 2
Aug. 3

Aug. 8

Height.

Inches.

18
19
19

21
22
24
21

Weight
per

bushel.

Pounds.
47.5
49.7
48.7

40.0
40.7
3S.7
40.5

61.2

Yield per acre.

Grain. Straw.

Bush.
21.5
19.9
17.2

20.7
17.3
15.8
15.7

14.9

Pounds.
987

1,002
1,163

1,052
1,047
948

1,095

1,012

Ratio,
grain
to

straw.

1 : 0. 96
1 :1.05
1 : 1. 41

1 :1.01
1 :1.26
1 : 1.25
1 :1.45

1 : 1.13

The varieties of the 6-rowod group were fully headed about July 10,

and those of the 2-rowed group about July 15. The 6-rowed group

reached maturity about August 2, and the 2-rowed group about

August 8. There has been little difFerenco in the height attained

by the diff(!rent varieties. The 2-rowed varieties have tested con-

siderably higher in weight per bushel than the 6-rowed hulled

varieties. The 2-rowed group has yieldcu] liiglicr than eitlun- of the

other groups. All varicf ics luivc [)roduced about the same quantity

of straw per acre.
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The average yields of the eight varieties are shown graphically

in figure 12.

The White Smyrna (Ouchac, C. I. No. 658), a 2-rowed hulled

variety, has given the highest annual and average yields. The
Hannchen (C. I. No. 531), also a 2-rowed variety, has yielded weU.

In the 6-rowed hulled group, the Coast (C. I. No. 690) has been the

highest yielding variety, with the Manchuria (Minn. No. 6, C. I

No. 638) second. In the 6-rowed naked group, the Black Hull-less

(C. I. No, 1106) has yielded quite well. There has been less than

Wf7'/r/E-s/^y/i'A'/j,c./.M''ss3
\

/f^/V/VC/7'£'A/,C././V.''S^/
I

Ar^/VC/yO'fi'//^f7yf^rt^C/e33
I

J3C/./=£^/i>^C/?£-

\S0.7'

\/y:&

\/<^.o

Fig. 12.—Diagram showing the average yields of the five leading varieties of spring barley on the Cheyenne
Experiment Farm, 1913 to 1915, inclusive.

1 bushel difference in the yields of the White Smyrna and the Coast,

the two leading varieties. The Hannchen has also yielded weU,

since the yields here presented are averages from several check

plats of this variety in 1913 and 1914.

KATE-OF-SEEDING EXPERIMENT.

A rate-of-seeding experiment with the Svanhals barley has been

conducted at the Cheyenne Experiment Farm during the 3-year

period, 1913 to 1915, inclusive. In 1913, plats were sown at the

rates of 2, 3, 4, and 5 pecks per acre. In 1914 and 1915 sowings

were made at the rates of 2, 3, 4, 5, 6, and 7 pecks. The annual and

average yields obtained in the rate-of-seeding tests are shown in

Table XXII.

Table XXII.

—

Annual and average yields of the Svanhals barley in a rate-of-seeding test

on the Cheyenne Experiment Farm in 1913, 1914, and 1915.

Rate of seeding.

2 peeks.
3 pecks.
4 pecks.
5 pecks.
6 pecks.
7 pecliS.

Yield per acre.

Grain.

Bush.
13.2
10.3
5.9
4.3

Straw.

Pounds.
795
855
715
565

1914

Grain.

Bush.
9.4
9.8
11.9
11.9
6.1
4.2

Straw.

Pounds.
670
780

1,130
990

1,145
1.100

Bush.
31.4
33.9
33.7
34.8
33.9
34.9

Straw.

POUTldS.

1,760
1,840
1,570
1,510
1,590
1,780

Average.

1913 to 1915.

Grain. Straw

Bush.
18.0
18.0
17.1
17.0

Pounds.
1,075
1,158
1,138
1,022

1914 and 1915.

Grain. Straw

Bush.
20.4
21.9
22.8
23.4
20.0
19.5

Pounds.
1,215
1,310
1,350
1,250
1,367
1,440
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In 1913 the yields were low. The highest yield, 13.2 bushels

per acre, was obtained from the 2-peck rate. In 1914 the highest

yield, 11.9 bushels per acre, was obtained from the 4-peck and 5-peck

rates. In 1915 the highest yield was 34.9 bushels per acre, obtained

from the 7-peck rate, though the yield from the 5-peck rate was only

slightly lower. The results to date show that a thin seeding of 2 to

4 pecks per acre has given the best average yields in the 3-year period.

DATE-OP-SEEDING EXPERIMENT.

A date-of-seeding experiment with the Svanhals barley has been,

conducted at the Cheyenne Experiment Farm during the 3-year

period, 1913 to 1915, inclusive. Plats have been sown April 15,

May 1, and May 15 each year. The amiual and average yields

obtained from this test are shown in Table XXIII.

Table XXIII.

—

-Annual and average yields of the Svanhals barley in a date-of-seeding

test on the Cheyenne Ex-periment Farm in 1913, 1914, and 1915.

Yield per acre.

Date of seeding. 1913 1914 1915 3-year average.

Grain. Straw. Grain. Straw. Grain. Straw. Grain. straw.

Bushels.
9.9
12.0
7.0

Pounds.
610
835
675

Bushels.
14.4
10.5
5.7

Pounds.
760
705
795

Bushels.
31.2
34.3
40.3

Pounds.
1,580
1,650
1,980

Bushels.
18.5
18.9
17.8

Pounds.
983

May 1 1,063
May 15 1,150

Yields in 1913 and 1914 were low, with a slight advantage for the

early seeding. In 1915 the yields were much higher, the May 15

seeding giving the highest yield, 40.3 bushels per acre. The average

yields favor early seeding, between April 15 and May 1.

EXPERIMENTS WITH FLAX.

Flax is one of the common farm crops in eastern Wyoming, being

grown quite extensively on the newly broken prairie. However, flax

Is not grown as extensively as results indicate that it should be.

VARIETAL EXPERIMENTS.

Fourteen varieties of flax have been grown on the Cheyenne Experi-

ment Farm for a p(!riod (jf thre(! years and two additional varieties for

a period of two years. The annual and average yields obtained from

thes(! 10 vurieti(^s an; shown in Table XXTV.
In 19J3 tlie fhix vuri('li(is W(;r(» sown in t(^nlh-acro plats on ])roakirig

at the rate of 1 5 pounds per acre. 'I'he seed was not well distributed

by tlie drill, hiil f;iij- stands resnilcd. T}ie summer wms rather dry,

the pr(H;ipif Mlion in May and .luiif! being bellow normal. A fair

growth was iruuje and iho yields ranged from 4..'i to 7.4 bushels per
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acre. The Select Russian (C. I. No. 3) gave tiie highest yield, 7.4

bushels.

Table XXIV.

—

Annual and average yields of 16 varieties and strains offlax grown on
the Cheyenne ExperiTnent Farm in 1913, 1914, and 1915.

Variety.

Montana Common ,

Select Russian (N. Dak. No. 1215).
Fargo Common (N. Dak. No. 1133)
Russian (N. Dak. No. 155) ,

Russian (N. Dak. No. 155) ,

North Dakota Resistant No. 52
Russian (N. Dak. No. 1340) ,

Wyoming Common
Select Riga (N. Dak. No. 1214)
North Dakota No. 1221 ,

Russian (N. Dak. No. 1329)
Select Russian
Blue Blossom
Primost (Minn. No. 25) ,

Idaho Common
North Dakota Resistant No. 114...

C. 1.

No.

Yield per acre (bushels).

1913

7.0
7.4
6.3
5.5
6.0
6.3
7.0

o5.0
6.4
5.4
6.3
6.3
4.6
4.3

1914

5.6
6.2
6.6
4.5
5.9
6.7
4.5

6 4.9
5.0
5.5
5.7
4.9
5,5
5.9
4.4
3.8

1915

17.6
17.2
17.5
18.0
16.3
12.8
14.0
15.3
13.3
13.5
12.0
12.5
11.5
10.8
18.5
12.5

Average.

1913 to 1914 and
1915. 1915.

10.1
9.9
9.8
9.3
9.1
8.6
8.5
8.4
8.2
8.1
8.0
7.9
7.2
7.0

11.6
11.2
11.6
11.3
11.1
9.8
9.3
10.1
9.2
9.5
8.9
8.7
8.5
8.4
11.4
8.1

o Average of 5 tenth-acre check plats. & Average of 7 tenth-acre check plats.

In 1914 the flax varieties were sown in tenth-acre plats on spring-

plowed fallow land at the rate of 15 pounds per acre. Good stands

were obtained. The precipitation in June and July was below

normal and was poorly distributed. However, fair yields of flax

were obtained. The yields ranged from 3.8 to 6.7 bushels per acre.

In 1915, 16 flax varieties were sown in duplicate twentieth-acre

plats on double-disked corn ground at the rate. of 15 pounds per acre.

Good stands were obtained. The spring and summer rainfall was
above normal. The growing season was considerably prolonged by
the cool, wet weather. The growth was good and excellent yields

were obtained, ranging from 10.8 to 18.5 bushels per acre. The 3-year

average yield of 14 flax varieties ranges from 7 to 10.1 bushels per

acre. »

The four leading varieties and their average yields are: Montana
Common (C. I. No. 6), 10.1 bushels; Select Russian (N. Dak. No.

1215, C. I. No. 3), 9.9 bushels; Fargo Common (N. Dak. No. 1133,

C. I. No. 18), 9.8 bushels; and Russian (N. Dak. No. 155, C. I. No. 19),

9.3 bushels per acre.

Flax is a promising crop for eastern Wyoming, as shown by the

results in the past three years. Flax growing need not be confined to

newly broken land, as good results can also be obtained on old land

if the seed bed is well prepared and kept free from weeds. Flax

should not be grown continuously on the same land but in rotation

with other crops, preferably after a clean-cultivated row crop. It is

imperative that flax be grown in rotation with other crops, in order

that loss from flax diseases may be reduced to the minimum.
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RATE-OF-SEEDING EXPERIMENT.

Russian flax (C. I. No. 19) was grown at the Cheyenne Experiment
Farm in a rate-of-seeding experiment during 1914 and 1915. Plats

were sown each year at the rate of 10, 15, 20, and 25 pounds per acre.

The annual and average yields obtained in this test are shown in

Table XXV.

Table XXV.

—

-Annual and average yields of Russian flax (N. Dak. No. 155) grown in
a rate-of-seeding test on the Cheyenne Experiment Farm in 1914 and 1915.

Rate of seeding.

10 pounds
15 pounds
20 pounds
2o pounds

Yield per acre.

Grain. Straw

Buslieh.
4.3
4.7
6.0
4.5

Pounds.
640
675
545
580

Grain. Straw

Bushels.
14.9
17.1
14.9
14.2

Pounds.
1,380
1,310
1,280
;,200

2-year average.

Grain. Straw

Bushels.
9.6
10.9
10.4
9.3

Pounds.
1,010
992
912

Low yields were obtained in 1914, due to summer drought. The
highest yield was 6 bushels per acre, obtained from the 20-pound rate

of seeding. Fallow land was used in this test in 1914.

In 1915 the sowings were made in duplicate twentieth-acre plats on

double-disked corn gromid. The summer was cool and wet and the

yields were high. The highest yield was obtained from the plat sown
at the rate of 15 pounds per acre.

TSvo years' results in the rate-of seeding test indicate that 15 to 20

pomids per acre is about the right quantity to sow.

DATE-OF-SEEDING EXPERIMENT.

A date-of-seeding experiment with flax has been in progress at the

Cheyenne Experiment Farm for three years. In 1913, tenth-acre

plats were sown on three different dates, May 1, May 15, and June 1.

The highest yield was 7 bushels, obtained from the plat sown on June

1. In 1914, tenth-acre plats were sown on four dates, as shown in

Tabl(! XXVI. The highest yield was 5.4 bushels, obtained from the

Jmie 1 sowing. In 1915, duplicate twentieth-acre plats were sown
on four dates. The high(!st yi(d(l resulted from the sowing mad(i on
June 1. The land on which tliis e.vp(!riment has been conducted

received the same preparation as that on which the varieties were
grown. The annual and averag(; yields obtained are shown in Table

XXVI.
There has been a progressive increase in yield from the early to the

late; seijdings each year. The soil is rath(!r late hi warmhig up at

Arch(!r, and the (^arly sowings hav(^ grown more slowly and r(>(iuired

a longer p(!riod to reach maturity than the plats sown as lat(^ as June 1

.

However, the early sowhigsniatur-e more unifonnly than the lateonc^s.
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If the fall is wet, late-sown plats may continue green until destroyed

by frost. This condition was observed in the vicinity of Archer in

the fall of 1913. It wiU require years of testing to determine the best

date to sow flax. Until more definite data are available it appears

that sowing between May 15 and June 1 will be satisfactory.

Table XXVI.

—

Annual and average yields of Select Russian flax {N. Dah. No. 1215)

grown in a date-of-seeding test on the Cheyenne Experiment Farm in 1913, 1914, and
1915.

Yield per acre.

Date of seeding. 1913 1914 1915 3-year average.

Grain. Straw. Grain. Straw. Grain. Straw. Grain. Straw.

Apr 15
Bushels. Pounds. Bushels.

2.7
3.4
4.3
5.4

Pounds.
310
500
480
730

Bushels.
9.7
14.9

15.5
19.4

Pounds.
1,440
1,640
1,600
1,720

Bushels. Pounds.

May 1. aZ.Z
6.9
7.0

257
536
710

7.2
8.9
10.6

f99
May 15
June 1

872

M53

a Seeded too thick.

EXPERIMENTS WITH MINOR GRAIN CROPS.

The minor cereals, including proso, foxtail piillet, grain sorghums,

com, and buckwheat, have been tested at the Cheyenne Experiment

Farm during the 3-year period, 1913 to 1915, inclusive. Each of

these cereals will be discussed briefly in the following paragraphs.

PROSO AND FOXTAIL MILLET.

Proso (bro(?m-corn millet or hog millet) is grown for grain for feed-

ing purposes, while foxtail millet is grown largely for hay. Proso is

not grown extensively in eastern Wyoming, though it is fairly well

adapted to the soil and climatic conditions prevailing in this district.

Eight prosos and two foxtail millets have been grown at the

Cheyenne Experiment Farm during the 3-year period, 1913 to 1915,

inclusive. The annual and average yields of the 10 millet varieties

are shown in Table XXVII.
In 1913 the millets were grown in rows 132 feet long and spaced

3 feet apart on fall-plowed breaking. The summer was dry, but fair

yields were obtained. In 1914 the millets were grown on fallow in

twentieth-acre plats in rows 3 feet apart. The summer was dry and

the yields obtained were low. In 1915 the miUets were grown in

twentieth-acre plats on double-disked corn ground. The yields

obtained were low in spite of the better season.

The foxtail varieties have given higher average yields than the

prosos. The proso yields have been materially reduced each year by
shattering at and before harvest time. Birds are very fond of proso

seed and have eaten large quantities before thrashing. A con-
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siderable acreage of foxtail millet is grown each year in Wyoming for

hay. When gro^^m for hay, 8 to 10 poipids of seed are required to

sow an acre. Sowing is done with a grain drill equipped with a

grass-seeder attachment. The millet is cut for hay when fully

headed and before it begins to ripen.

Table XXVII.

—

Annual and average yields of eight prosos and two foxtail millets grown
on the Cheyenne Experiment Farm in 1913, 1914, and 1915.

Group and variety.
C.I.
No.

Yield per acre.

Grain (bushels).

1915
3-year

average.

3-year
average
of straw.

Proso:
RedTurghai
Proso
Red Russian
White Ural
Black Voronezh
Tambov
Red Lump
Red Voronezh

Foxtail millet:
Kursk (South Dakota No. 78).

Kursk (South Dakota No. 79).

31
113
11

4

16
13

65

60

22.3
23.2
10.7
11.3
a 7. 2

a 12.0
10.9
7.2

14.8

7.7
10.9
6.6
3.2

6 6.7
6 5.2
3.2
1.8

16.3
10.9

9.6

11.6
11.2
10.8
6.0
6.0
6.0

29.5
"26.9

13.2
11.4
9.6
8.4
8.2
7.7
6.7
5.0

20.2
15.6

Pounds.
1,023
2,583

728
883

1,021
755
603
613

1,613
2,532

a Average of two plats. 6 Average of three plats.

GRAIN SORGHUM.

Several of the earliest maturing varieties of grain sorghum have

been tested each year. These varieties have been grown in 8-rod

rows spaced 42 inches apart. The sorghums have been cultivated

two or three times each season and kept free from weeds. Nearly

all varieties have headed each year, but none has produced seed in

sufficient quantity to warrant thrashing.

Manchu kaohang (C. I. No. 261) and white kafir (C. I. No. 370)

have been the earliest varieties tested. A few practically mature

heads were obtained from each of these varieties in 1913 and 1914.

The results from the work with grain sorghum clearly show that

this crop can not be grown for grain m eastern Wyoming. However,

some of the varieties compare favorably with corn and sorgo in the

production of roughage for stock. The milos and kafirs have con-

sidcrably more foliage than the kaoUangs and should be grown when
feed is wanted.

CORN.

A few varieties of field corn have been tested each year. Fair to

good forage yields have hecn o[)l!iin('(l each season, but in none of

the three years has any variety fuUy miitured. IIow(^ver, the

XortJi western Dent, Brown County Yellow Dent, and (Jehu Flint

have produced mature grain each season, oi' at least matiiio enough

to gerniinute if i)rop(!rly stored until the following spring.
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Corn appears to be a very TUKjertain crop for grain at liigh- ielevations

in eastern Wyoming, according to the three years' results obtained

at Archer. It is probably the best crop to grow for silage or roughage,

however.
BUCKWHEAT.

Buckwheat has been grown on the Cheyenne Experhnent Farm in

each of the three years. Two varieties have been tested, the Tar-

tarian and the Mountain. Neither of these varieties appears to be

adapted to conditions such as prevail at Archer. Buckwheat is

unable to withstand drought, and hence all yields obtained have been

low, except in 1915, a season of high rainfall. The Tartarian is

about two weeks earlier than the Mountain variety. The yields in

the three years (1913 to 1915) are as follows: Tartarian, 1, 1.3, and 8

bushels per acre; Mountain, 5, 3.5, and 16 bushels per acre, re-

spectively. Buckwheat should apparently be grown in eastern

Wyoming only in an experhnental way.

SUMMARY.

The Cheyenne Experiment Farm is located on the plains of south-

eastern Wyoming at Archer, 8 miles east of Cheyenne. The eleva-

tion is almost exactly 6,000 feet. The station was estabhshed in

July, 1912, and experimental work was begun in the fall of that

year. The experiments reported herein, therefore, have continued

three years.

The soil and climate are fairly typical of those of the district lying

to the eastward. The results obtained are applicable to southeastern

Wyoming and to adjacent small portions of Colorado, Nebraska, and

South Dakota.

The soil is a light sandy loam, very productive when sufficient

moisture is available. Heavier soils occur to some extent in other

parts of the district.

The average annual precipitation at Cheyenne during the past

16 years has been 15.78 inches. The average seasonal precipitation

(April to July, inclusive) during the same period has been 8.59

inches.

The evaporation from a free water surface during the growing

season (April to July, inclusive) has been about 22.5 inches. The
summers are rather short, without excessive heat. Hot winds do

not occur. The average frost-free period is 125 days.

Experiments with wheat show that winter-wheat varieties have

yielded higher than spring wheats in two years out of the three

during which experiments have been conducted. The Ghirka Winter

and Kharkof have been the highest yielding varieties.

Rate-of-seeding experiments with the Ghirka Winter and Turkey
have given contradictory results during the three years. Four pecks
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to the acre seems to be the best rate to sow. Early sowing, during

the first half of September, has given the highest average yields.

Spring wheats have yielded less than winter wheats. Durmn
wheats have yielded more than spring common wheats. The Belo-

turka and Kubanka are the highest yielding durmn varieties. Among
the spring common wheats, varieties of the Preston group have

outyielded Fife and Bluestem wheats.

Experiments on the rate of seeding durum wheat are not con-

clusive. So far, 2 pecks of the Arnautka variety have given the

highest average yields. Sowing early, about the middle of April,

has given the highest average yields for spring common wheat.

In experiments with oats the early varieties, Kherson and Sixty-

Day, have given the highest average yields in two of the three

years. In 1915, a cool, wet year, midseason varieties were better.

The Swedish Select has given the highest average yield in the

3-year period.

Kherson oats sown at the 6-peck rate yielded better than when
sown at lower rates. Early seeding, about the middle of April,

has given the best results.

Experiments with spring barley show that the White Smyrna and
Hannchen, both 2-rowed bearded hulled varieties, have given the

highest average yields.

The Svanhals barley sown at the rate of 2 pecks and 3 pecks per

acre has yielded more than when sown at higher rates. The same
variety has given the best yields when sown rather early, from the

middle to the latter part of April.
^

Compared with wheat, the yields of spring oats and barley have

been rather low. Winter oats and winter barley have been failures.

Varietal experiments with flax show Montana Common and Select

Russian to be tlie best varieties. Sowing at the rate of 15 pounds

per acre has given the highest average yield, and sowing about the

first of June has proved better than earlier seedings.

Neither winter nor spring emmer has proved of value. Foxtail

and proso millets have given only low yields. Buckwheat does not

appear promising.

Grain sorghums and corn are promising forage crops for roughage

or silage, but apparently have little or no value as grain crops.

The following varieties of the principal grain crops apparently arc

best for this district:

Winter wheat.—Ghirka and Kharkof or Turkey.

Spring wheat.—Kubanka, Erivan, Marquia.

Sprinj^ oatH.— KfierHon, Sixty-Day, Swodiwh Select.

Spring? harloy. -Whito Smyrna, llannc:lu;n.

Flax.—Montana Common, Select Rusaian.
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INTRODUCTION.

Sacbrood is an infoftious disease of the brood of bees. It is fre-

quently encountered and has often been the cause of fear on the part

of beekeepers through a suspicion that one of the more serious

maladies—the foulbroods—was present.

Tlie disease is more benign than malignant. It is insidious in its

nature and somewhat transient in its character. The numl)er of

colonies that die as a direct result of sacbrood is comparatively small;

the loss of individual bees from it, however, in the aggregate is

enormous. The loss tends naturally to weaken (he colony in which

the disease is present, a fact which mnkes the disease one of great

economic importance.

68574'-Bull. 431-17 1
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Until recently no laboratory study has been made of this disease.

Circular No. 169, Bureau of Entomology, is a preliminary report on

recent studies made by the writer. The present buUetin represents

the results obtained from a continuation of these studies. In it are

included only such results as it is beUeved can be apphed by the

beekeeper directly to his needs or as will be otherwise of particular

interest to him.

HISTORICAL ACCOUNT.

There are a niunber of references in beekeeping literature to a dis-

order of the brood of bees which had been recognized by the presence

of dead brood that was different from that dead of ''foulbrood."

It will be profitable to cite here a few of these articles:

I-iangstroth (1857) writes as follows:

There are two kinds of foul-brood, one of which the Germans call the dry and the

other the moist or fcetid. The dry appears to be only partial in its effects and not

contagious, the brood simply dying and drying up in certain parts of the combs. The

moist differs from the dry in this that the brood dies and speedily rots and softens,

diffusing a noisome stench through the hive.

In this statement it wiU be seen that beekeepers had aheady

recognized differences in the brood diseases which caused Langstroth

to write that there were two kinds of
'

' foulbrood.' ' The kind referred

to as ''dry" foulbrood might easily have been sacbrood.

DooHttle (1881), following a description of "foulbrood," writes:

We have been thus particular in describing the disease [foulbrood] so none can

mistake it; and also because there is another disease similar, called foul brood, which

is not foul brood. With this last-named, the caps to the cells have very much the

same appearance as in the genuine, but the dead larva is of a grayish color, and instead

of being stretched out at full length in the cell, it is drawn up in a more compact shape.

After a time it so dries up that the bees remove it, and no harm seems to arise from it,

only as there are a few larvae that die here and there through the combs at different

periods; sometimes never to appear again, and sometimes appearing with the next

season; * * *.

Doohttle, therefore, as early as 1881, had also observed a brood

disease which he says is similar to foulbrood and called foulbrood, but

which is different from the genuine foulbrood. From his description

one can readily believe that the disease which he says was not foul-

brood was sacbrood.

Jones (1883), of Beeton, Ontario, Canada, writes the following:

There is also another disease of the larvae which is sometimes found both in Europe

and America, which is more like foul brood than any of the above [chilled, starved,

or neglected brood] and which frequently deceives those who we might claim should

be good judges, but which, however, is not the genuine article. It is a dying of the

brood both before and after it has been capped over. The appearance of this and the

genuine is much the same during the earlier stages of their existence, but the former

is usually removed by the bees and no further trouble ensues.
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It will be noted that Joues also recognized that there was a disease

that resembled somewhat the genuine foul brood, but was different

from it, and that it was also different from chilled, starved, or

neglected brood. Most hkely the disorder referred to in his article

was sacbrood.

Simmins (1887), writing from Rottingdean, England, pomts out

the difference between ''deadbrood" and foulbrood:

That foul brood is often confused with simple dead brood I am well aware. * * *

But that every bee keeper may decide for himself without the aid of a microscope,

which is the genuine foiUbrood and which is not, I will show how I have always been

able to detect the difference. With simple deadbrood, while some may appear like

the ioxd disease, much of the older brood dries up to a white cinder, in many cases

retaining its original form, which I have never found to occur when genuine foul-

brood is present. Chilled brood can be distinguished from the more serious malady
in like manner.

In addition to emphasizing the difference between ''deadbrood"

and ''foulbrood," Simmins says that these two diseases are in turn to

be differentiated from chilled brood. He adds the additional fact

also that Cheshire had examined this ^'deadbrood" and failed to find

any microscopic evidence of disease.

Cook (1904), under the heading "New Bee Disease/' writes as

follows:

In California and some other sections the brood dies without losing its form. We
use the pin-head, and we draw forth a larva much discolored, often black, but not at

all like the salvy mass that we see in foulbrood.

From his description, and from the fact that the disease is quite

prevalent in California, it is very probable that the disorder men-
tioned by Cook is sacbrood.

A study of this " dead brood" recognized by the beekeepers as being

different from foulbrood was begun by the writer in New York State

in 1902, mider the direction of Dr. V. A. Moore. In a brief report

on the work (1904) the following is found:

The beekeepers are sustaining a loss from a diseased condition in their ai:)iarie8

which they are diagnosing as "pickled brood." The larvae usually die late in the

larval stage. The most of them are found on end in the cell, the head frequently

blackened and the body of a watery granular consistency. * * *

The resultfl of the examinations showed that Aspergillus pollinis was not found.

Further investigalionH mast be made before any conclusion can be drawn as to the

real cauwe of thLs trouble.

It will be observed from this quotation that the so-called pickled

brood did not conform to the dos(;ripti()n of pickled l)ro()d and could

not then^fore bo the condition which had called forth the description

of and the name, "pickhul brood" (see p. 4).

Bun-i (190G), of Switzerland, writes:

I)ea<l brood, Haid to liave been black brood, I have occaaionally met with in my
iuvoHtigationa. It occurred in the older larva), and showed a gray (.o blackish colora-
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tion, partially drying the larvaa until mummified. These larvae of the black-brood

type gave a negative result both in microscopic examination and in the usual bac-

teriological culture experiments. Bacteria seem to take no part in this disease, and
so far as I have come in contact with black brood, I have been able to reach no certain

opinion as to its cause. [Translation.]

It is very probable that the disorder encountered by Burri, which

was free from bacteria, was sacbrood. Out of 25 samples examined

between 1903 and 1905, he found four samples containing this dis-

ease alone, while in a few of the samples the disorder was accom-

panied by one of the other brood diseases.

Kursteiner (1910), of Switzerland, gives a summary of all samples

examined by Burri and himself from 1903 to 1909. Out of 360

samples of suspected disease examined, 94 were diagnosed as "dead
brood free from bacteria." These were probably samples of sac-

brood. As shown by his later reports, Kursteiner has continued to

find this disease in the examination of suspected samples.

The foregoing references to the literature show that beekeepers in

different countries had been observing dead brood in their apiaries

which was unhke brood dead of "foulbrood." On this point all of

the observers practically agreed. No name had been given to the

disorder.

NAME OF THE DISEASE.

Before 1912, very Httle definite information concerning this

somewhat mysterious disorder of the brood had been obtained.

After discovering its cause and determining its true nature, the

writer (1913) used the name "sacbrood" to designate it. The
name was coined to suggest the saclike appearance of the dead larvae

in this disease at the time they are most frequently seen by the bee-

keeper.

The fact should here be emphasized that sacbrood is not a new
disease. It is only the knowledge concerning the disease and its name
that is of recent origin. It is far better, and m all probabihty much
more accurate, to think of sacbrood as a disease which has affected

bees longer than history records the keeping of bees by man. The
disease, therefore, has been collecting its toll of death for centuries,

often unawares to the beekeeper. Simply knowing that there is such

a disease should not be the cause of any additional anxiety concern-

ing its losses. On the other hand, less fear should be experienced,

since by knowing of it hope may be entertained that the losses resulting

from it may be reduced.

PICKLED BROOD.

The term "pickled brood" was introduced into beekeeping litera-

ture 20 years ago (1896), by William E. Howard of Texas. The
condition which he described under this term he declared was caused
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by a fmigus to which he gave the name Aspergillus pollini. In a

second article (1898) he writes that pupae and adult bees, as well as

the larvae, are attacked by the disease, stating his belief that the

disease m adult bees had been diagnosed as paralysis. Technically,

therefore, the term "pickled brood" refers to an mfectious disorder

of bees affecting both the brood and adult bees and caused by a

specific fungus, Aspergillus pollini.

It was particularly unfortunate that these articles on pickled

brood should have appeared at the time they did, as through them
some beekeepers have been led to the mistaken belief that the brood

disease, which they had so long observed as being similar to "foul-

brood," but differing from it, had been described in his articles as

pickled brood.

Whether such a disease (pickled brood) does exist, can not be defi-

nitely stated. It may be said, however, that it probably does not.

The writer has not encountered such a disorder during his study on the

bee diseases. He beheves that if the condition is present it cer-

tainly has not attracted the attention of beekeepers to any great

extent. It can safely be advised, therefore, that all fear of losses

from such a possible condition should be dispelled, at least until the

disease is met with again.

It would seem that the name "pickled brood" is being used among
beekeepers at present in a very general sense. Root (1913) writes:

The name pickled brood has been appUed to almost any form of dead brood that was

not foul brood. In a rather general way, it seems to cover, then, any form of brood

that is dead from some natural causes not related to disease of any sort.

This quotation suggests that a number of conditions are most
likely included under the term "pickled brood" as it is popularly

used. Brood dead of starvation and that found dead before capping

and not dead of an infectious disease seem to be referred to especially

by the name.

Boekocpors sending samples of disease to the laboratory have been

asked tlie question : "What disease do you suspect V ' In the replies

received more than one disease was sometimes suggested as being

suspected. Out of 189 replies received from beekeepers sending

samples of sacbrood, European foulbrood was suggested in 55 replies,

pickled brood in 39, foulbrood in ^9, blackbrood in 15, poisoned brood

in 7, chilku] brood in 5, starved brood in 6, American foulbrood in i;^,

dead brocjd in 3, neglected brood in 1, scalded brood in 1, suffocated

brood in 1, and in 24 cases the; r(!ply was: "Don't know." These

replies sliow that IxK'keepers geiu^rully had not hnirned to recognize

the disorder which is now called suc,])rood l)y any one name.

It is natural to suppose that sacbrood would have been one of the

r-fjiiditions occasionally referred to under th(; term "pickled brood."



6 BIJLLETIlSr 431, U. S. DEPARTMENT OP AGRICULTUEE.

As sacbrood has been proved, however, to be a distinct disease and
different from all other disorders, naturally it is incorrect to use the

terms ''sacbrood" and "pickled brood" synonymously, either in the

popular or in the technical sense/

APPEARANCE OF HEALTHY BROOD AT THE AGE AT WHICH IT DIES OF
SACBROOD.

By comparing the appearance of healthy brood with that of brood

dead of a disease, both the description and the recognition of the

symptoms of the disease are often materially aided. Before discuss-

ing the symptoms of sacbrood, therefore, a description of the healthy

brood at the age at which it dies of sac-

brood willbe given . In this description

the same method will be used and simi-

lar terms employed as will be found in

the description of the symptoms of the

disease.

It will be recalled by those who are

at all familiar with healthy comb in

which brood is being reared that the

brood is arranged in such a way that

capped and uncapped areas occur alter-

nately and in more or less semicircular

fashion. Practically all cells in the un-

capped areas will be without caps while

practically all in the capped areas will

be capped. •

Since the brood that dies of sac-

brood, with but few exceptions, does

so in capped cells, a description of such brood involves the form, size,

and position of these cells.

A cell (figs. 1 and 2) may be described as having six side walls, a

bottom or base, and a cap. (The cap has beenremovedby the beesfrom

the cells from which these figures were drawn.) In general the six side

walls are rectangular and equal. These walls form six equal obtuse

angles within the cell (fig. 1). The angle which is uppermost in the cell

(AJ is formed by two sides which together may be termed the roof of

the cell. The angle which is lowerrnost (figs. 1 and 2, A^) is formed by
two sides which with equal propriety may together be termed the

floor of the cell (fig. 2, F). When a cell is cut along its long axis

1 For the purpose of an explanation for those who may have learned to refer to sacbrood by the term

"pickled brood," it might be felt advisable by some to continue for a while in some way a reference to the

latter term. In such an event, the expression "so-called pickled brood " is suggested as being more nearly

accurate than the term "pickled brood."

Fig. 1 Looking into an empty worker cell

uncapped by bees. The uppermost angle

(Ai),the lowermost angle (A^), the lateral

wall (L ) , and the wrinkling of the inner sur-

face of the cell near the opening, indicating

the presence of a mass of cocoons (C), are

shown. Enlarged about 8 diameters.

(Original.)
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the cut surface of the older ones shows the presence of a varying num-
ber of old cocoons (fig. 2, C). Near the mouth of the cell on the side

walls (figs. 1 and 2, C) will often be noted a wrinkling of the surface.

This wrinkling is caused by the presence of old cocoons. The two

remaining walls are parallel and will be referred to as the lateral

walls (fig. 1, L). The bottom is concave on the inside. The cap

Fig. 3.—End view of cell capped. The cap is

convex, being recently constructed. (Origi-

nal.)

is also concave on the inside, making

it convex on the outside.

When freshly constructed the sur-

face of the cap (fig. 3) is smooth and

and entire and shows considerable

convexity. Later, not infrequently

it is found to be less convex and

somewhat irregular. The cap should

remain normally for the most part

entire (fig. 8) . While this is the rule,

there are exceptions to it. The bee-

keeper is familiar with the appear-

ance which suggests that it had not been entirely completed (fig. 11;

PI. II, h).

The long axis of the coll is nearly horizontal, the bottom of the cell

being normally only slightly lower than the mouth. The long axis

measures approximately one-half inch, while the perpendicular dis-

tance between any two diametrically opposite side walls is approx-

imately one-fifth of an inch. The side walls are each appro.ximatoly

one-tenth of an inch wide. It is in such a cell, then, that the brood

of the age at which it (Mes of sacbrood is found.

Fig. 2.—Empty worker cell cut in half along

the long a.xis of the cell, showing cocoons (C)

at the base and near the mouth of the cell,

and the lowermost angle (Aj) formed by the

two walls which constitute the floor (F) of

the cell. Enlarged about 8 diameters.

(Original.)
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APPEARANCE OF A HEALTHY LARVA AT THE AGE AT WHICH IT DIES OF SACBROOD.

The symptoms wliich differentiate sacbrood from the other brood

diseases are to be fomid primarily in the post-mortem appearances

of the larvae dead of the disease. As an aid in interpreting the

description of these appearances a description of the healthy larvae

is first made.

Larvae ^ that die of sacbrood do so almost invariably after capping

and at some time during the four days just preceding the change in

form of the maturing bee to that of a true pupa.

During the first two days of this prepupal period the larva moves
about more or less in the cell and spins a cocoon. It is then com-

paratively quiet for about two days, lying on its dorsal side and ex-

FiG. 4.—Lateral view of healthy worker larva showing the normal position within the cell. For conven-

ience of description the length is divided into thirds—anterior third (AT), middle third (MT) and
posterior third (PT). Enlarged about 8 diameters. (Original.)

tended lengthwise in the cell. At the close of this two-day period of

rest, as*a result of the metamorphosis going on, the larva changes

very rapidly to a true pupa, assuming the outward form of an adult

bee.

Although many larvae die of sacbrood during the first two days

or active period, of the 4-day prepupal period, by far the greater

number of deaths occur during the last two days, the period of rest.

A hea,lthy larva at this resting period of its development is chosen,

therefore, for description. As dead worker larvae are the ones usually

encomitered in sacbrood and the ones almost mvariably chosen in

discussing the symptoms of the disease, the worker larva is here

described.

The normal larva lies extended in the cell (fig. 4) on its dorsal

side, motionless, and with its head pointing toward the mouth of the

cell. Its posterior or caudal end lies upon the bottom of the cell,

1 As beekeepers usually refer to the brood at this age as "larvee," the term is used here to designate the

developing bee at this stage of its growth.
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while its extreme anterior or cephalic end extends ahnost to the cap

and roof. The length of the larva is approximately one-half inch,

bemg nearly that of the cell. Its two lateral sides cover about one-

half each of the two lateral walls. The width of the larva is approxi-

mately one-fifth of an inch, being the distance between the two

lateral walls of the cell.

The dorsal portion of the larva lies against the floor of the cell,

being more or less convex from side to side and also from end to end.

Its ventral surface is convex from side to side, and is, generally speak-

ing, concave from end to end. Considerable empty space is found

between the larva and the roof of the cell. The spiracles are visible.

The gUstening appearance, characteristic of a larva before capping,

very largely disappears after capping. Although larvae at this

age might be thought of as white, they

are in fact more or less bluish white in

color. It is possible to remove a healthy

larva at this age from the ceU without

i-upturing the body wall, but care is

required in doing so.

For pm-poses of description it is con-

venient to divide the length of the larva

into three parts. These may be denom-

mated the anterior (AT), middle (MT),

and posterior thirds (PT).

Anterior third.—On removing the cap

from a cell the anterior cone-shaped

portion of the larva is seen (fig. 5; PI.

II, g). The apex of this cone-shaped

third is directed upward toward the

angle in the roof of the cell, but is not in contact with the roof or the

cap. Transverse segmental markings are to be seen. Along a por-

tion of the median dorsal line there is frequently to be observed a

narrow transparent area. A cross section of this third is circular in

outline. The anterior third passes rather abruptly into the middle

third. At their juncture on each lateral side, owing to a rapid increase

in the width of the larva at this point, there is presented the appear-

ance of a "shoulder."

Middle third. -Tiiis thii'd (figs. G and 4; PI. II, m) lies with its dorsal

portion upon the floor of the cell, its axis being nearly horizontal.

The ventral surface! is convex from side to sidc^, and is considerably

bolow the- roof of tjje ccijl. This upper suiface is ci-osscd IVom side to

side by well-marked furrows and ridges representing segments of

the larva. These fuirows and ri(lg<i3 produce a de<i|)ly notched

appearaiKMi at tlm hitoral niiugins. In somes of the segm<ints a trans-

vorso tr}u;hea miiy be scim .'ippe.ai-ing as a very line, sc/arc-ely p<vr-

5857'!''— liull, 4.11—J7 2

Fig. S.—End view of healthy worker larva

in normal position in the cell. Cap
torn and turned aside with forceps. En-

larged about 8 diameters. (Original.)
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ceptible, white line. Sometimes there may be seen a narrow area

along the median line of the ventral sm-face that is more nearly trans-

parent than the remaining portion of the sm-face. This area may
extend slightly into the anterior and posterior thirds. It is similar

in appearance to the one on the dorsal side, but less distinct. A cross

section of this third is slightly elliptical in outline. The middle third

passes more or less gradually into the posterior third. The juncture

on the ventral surface is indicated by a wide angle formed by the

ventral surfaces of these two thirds.

Posterior third.—In form the pos-

terior third (figs. 6 and 4) is an im-

perfect cone, the axis of which is

directed somewhat upward from

the horizontal. This third occupies

the bottom portion of the cavity of

the ceU. Its dorsal surface lies upon
the bottom wall, with the extreme

caudal end of the larva extending to

the roof of the ceU (fig. 4). The
third is marked off into segments

by ridges and furrows similar to,

but less regular than, those of the

middle third.

TISSUES OF A HEALTHY LARVA AT THE AGE
AT WHICH IT DIES OF SACBROOD.

Upon removing a larva in the late

larval stage and puncturing its body
wall lightly, a clear fluid almost

water-like in appearance flows out.

This fluid consists chiefly of larval

blood. By heating it, or by treat-

ing it with any one of a number
of different reagents, a coagulum is

formed in it. Upon rupturing the

body wall suflB.ciently, the tissues of the larva flow out- as a semiliquid

mass. The more nearly sohd portion of the mass appears almost

white. This portion is suspended in a thin liquid, chiefly blood of the

larva. A microscopic examination shows that the cellular elements

of the mass are chiefly fat ceUs. Many fat globules suspended in the

liquid tend to give it a milky appearance.

SYMPTOMS OF SACBROOD,

The condition of a colony depends naturally upon the condition of

the individual bees of which it is composed. In the matter of diseases

in practical apiculture the beekeeper is interested primarily in the

Fig. 6.—Healthy larva and cell viewed from

above and at an angle. (Original.)
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colony as a whole, and not in individual bees. Therefore, in describ-

ing the symptoms of a bee disease, the colony as a whole should be

considered as the unit for description, and not the individual bee.

A symptom of disease manifested by an individual bee, broadly con-

sidered, is, in fact, also a colony symptom. The symptoms of sacbrood

as described m this paper are, therefore, those evidences of disease

that are manifested by a colony affected by the disease.

It has been found that sacbrood can be produced in a healthy colony

by feeding it a suspension in su-up of crushed larvae dead of the disease.

With sacbrood thus produced in ex-

perimental colonies the symptoms of

the disease have been studied, and the

description of these symptoms given

here is based chiefly upon observations

made in these experimental studies.

The facts thus obtained are in accord

with those observed m numerous sam-

ples of the disease sent by beekeepers

from various localities in the United

States for diagnosis. They are in ac-

cord, furthermore, with the symptoms
as they have been observed in colonies

in which the disease has appeared, not

through experimental inoculation but

naturally.

The symptoms of sacbrood which

would ordinarily be observed through

a more or less casual examination of

the disease will first be considered. It

must be remembered that the brood is

susceptible to the disease, but that the

adult bees are not.

SYMPTOMS AS OBSERVED FROM A CASUAL
EXAMINATION. FiQ. 7.—Larvii dead of sacbrood lying in the

cell as viewed from above and at an angle.

It may have been dead a month. Cap of

cell removed by bees. Enlarged about 8

diameters. (Original.)

The ])resence of dead Ijrood is usually

the first symptom observed. An irreg-

ularity in the appearance of th(; brood

nest (PI. I, figs. 1 and 2; PI. IV) frequently attracts attention early

in the examination. The strength of a colony in which the disease

is present is often not noticeably (hniinished. Shoidd a large

amount of tho brood })ecomo uffiicted, however, tiie colony

naturaJiy Ixicomes W(!ak(in(Kl th(^reby, the loss in strength soon

})ec<)ming u])])rf'r'in,])l('. P>r()()(I ihut (hcs of the disease does so

almost invaria}>ly in r,ji])|)(',(l (-(ills, but before th(5 pnpJil
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Fig. 8.—End view of capped cell which con-

tains a larva dead of sacbrood, being simi-

lar to the one shown in figure 9. The cap

here is not different from a cap of the same

age over a healthy larva. (Original.)

stage is reached. It is rare to find a pupa dead of sacbrood (PI. II,

zz). The larvae that die (fig. 7) are found lying extended lengthwise

with the dorsal side on the floor of the ceU. They may be found in

capped (fig. 8) cells or in cells which
have been uncapped (fig. 9), as bees

often remove the caps from cells

containing dead larvae. Caps that

are not removed are more often en-

tire, yet not infrequently they are

found to have been punctured by
the bees . Usually onlyone puncture

is found in a cap (PL II, d), but

there may be two (fig. 10) or even

more (PI. 11,/). The punctures vary

in size, sometimes approximating

that of a pinhead, although usually

smaller, and are often irregular in

outline. Sometimes a cap (fig. 11,

PI. II, V) has a hole through it which

suggests by its position and uniform

circumference that it has never been

completed. Through such an opening (fig. 11; PI. II, e) or through

one of the larger punctures the dead larva may be seen within the cell.

A larva recently dead of sacbrood is slightly yellow. The color in a

few days changes to brown. The shade

deepens as the process of decay con-

tinues, until it appears in some in-

stances almost black. Occasionally for

a time during the process of decay

the remains present a grayish appear-

ance.

In sacbrood, during the process of

decay, the body wall of the dead larva

(figs, 7 and 9) toughens, permit-

ting the easy removal of the re-

mains intact from the ceU. The
content of the saclike remains, dur-

ing a certain period of its decay, is

watery and granular in appearance.

Much of the time the form of the

remains is quite similar to that of a

healthy larva. If the dead larva is not removed, its surface

through evaporation of its watery content, becomes wrinkled, dis-

torting its form. Further drying results in the formation of the

Fig. 9.—Lookhig into a cell containing a

larva dead of sacbrood. The stage of

decay is about the same as in figure 8.

(Original.)
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Fig. 1.—Marked Sacbrood Infection. Size Slightly Less than Natural.
(Original.)

Fig. 2.—HEAvy Saclirood Infection, Showing a Number of Different Stages
OF Decay of Larv/e. Eggs, Young Larv/c in Different Stages of Develop-
ment, AND Diseased Larv/e in Same Area. Natural Size. (Original.)

SACBROOD PRODUCED BY EXPERIMENTAL INOCULATION.
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Comparison of a Healthy Larva and the Remains of Larv/e Dead of
Sacbrood.

a, A cap of a healthy larva; &, e, d, e, and /, caps over larvce in first, second, third, fourth, and
fifth stages of decay, respectively; gr, a healthy larva, end view; /», i, j, k, and I, an end view
of the five stages of decay; ?», a healthy larva viewed from above; n, o, p, q, and r, cor-
responding view of the five stages of "decay; s and y, healthy larva removed from the
cell; t, u, V, 10. and s, larval remains in different stages of decay removed from the cell;
ijoio, a larva recently dead of sacbrood vnth the anterior third removed by the bees; x, a
scale removed from the cell; xx, larval remains from which a small portion has been
removed by bees; vy.almost a pupa; zz, a pupa dead of sacbrood which had only recently
transformed. (Original.)
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''scale" (figs. 22, 23; PL II, I, r, and x). This scale is uot adherent

to the cell wall.

In sacbrood the brood combs may be said to have no odor. Larvae

midergoing later stages of decay in the disease, however, when
crushed in a mass and held close to

the nostrils are fomid to possess a

disagreeable odor.

From a superficial or casual ex-

amination alone of a case of sac-

brood it may be mistaken for some
other abnormal condition of the

brood. A careful study of the post-

mortem appearances of larvae dead

of the disease, however, will make it

possible to avoid any such confusion.

A more careful study of the dead

larvae is therefore justified.

Fig. 10.—Cap of cell containing the remains

of a larva dead of sacbrood. The cap is

slightly sunken and bears two perforations

made by the bees. (Original.)

dm" ''^

APPEARANCE OF LARV^ DEAD OF SACBROOD.

Xo signs in a larva dying of sac-

brood have yet been discovered by
which the exact time of death may be determined. As the larvae in

this disease usually die during the time when they are motionless, lack

of movement can not be used as an
early sign of death. In this descrip-

tion it is assumed that the larva is

dead if it shows a change in color

from bluish-white to yellowish or

indications of a change from the

normal turgidity to a condition of

Haccidity.

The appearance of a larva dead
of sacbrood varies from day to day,

changing gradually from that of a

living healthy larva to that of the

dried residue— the scale. A de-

scription that would be correct for

a dead larva oh one (hiy, there-

fore, may and proba])ly would ])e

incorrect for the same larva on the following day. Moreover, all

larvae dead of the disease do not undergo the same change in ay)pear-

ance, caiLsing another considerable range of variation. For con-

venience of desc,ri])tion, this gradual and continual change in appear-

ance is here considered in fivn nion^ or less arbitrary stages. As the

Pif}. n.—End view ofcell containing a larva

deaflof sanbrood.with a cap which has the

appearance of never having l)een com-

plfif!<l. (')ri(.'in!il.)
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same plan will be followed and similar terms will be used in describing

these stages as were em23loyed in the description of a healthy larva

of the same age, the interpretation of the description will be aided

if the appearance of a healthy larva as described above is borne in

mind.
First Stagk.

Uncapping a larva showing the first symptoms of the disease, it

will be observed that it has assumed a shghtly yellowish appearance.

Fig. 12.—First stage: Larva showing first

symptoms of sacbrood and presenting the

dorsal view of tlie anterior third. Cap
removed artiflcially. (Original.)

This shade deepens somewhat during

the stage, but does not become a deep

yellow.

Anterior tJdrd.—The lateral margins

and extreme cephaHc end of the an-

terior third (fig. 12; PI. II, h, Ti) may
have assumed, and frequently do as-

sume, a more or less transparent ap-

pearance (represented in the figure by
shading). The position and the sur-

face markings of the anterior third are

approximately those of the normal larva. When a change in the

position is observed,- however, the extreme anterior end of the larva

—

the apex of this cone-Uke third—having settled somewhat, does not

approach so near the roof of the cell as does that of a healthy larva.

It is sometimes found also that this cone-Uke third is deflected more

or less to one side or the other.

Middle and posterior thirds.—The changes from the normal that

have taken place in these two thirds are similar and can, therefore, be

described together. The yellowish tint is here observed. The trans-

verse ridges and furrows are still well marked (fig. 13). The trans-

FiG. 13.—First stage: Ventral view of larva

dead of sacbrood as seen from above and at

an angle, giving a ventral view of all three

thirds. Cap torn across. (Original.)
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verse tracheae under slight magnification may be distinctly seen.

The narrow, somewhat transparent area present along the ventral

median line of the healthy larva is stOl to be seen in this stage of the

decay. The lateral and posterior margins are still deeply notched

and are frequently found to appear quite transparent. This appear-

ance is due to a watery looking fluid beneath the cuticular portion of

the body wall.

Sometimes only the remnant of a larva (fig. 14; PI. II, vyuo) dead

of sacbrood is found in the cell. Such remnants vary in size. The

Fig. 15.—Second stage: Dorsal view of an-

terior third of a larva dead of sacbrood.

(Original.)

surface left from the removal of tissues

is somewhat roughened, indicating that

the removed portion has been taken

away piecemeal, and is more or less

transverse to the larva.

Consistency of the larva in the first

stage.—The cuticular portion of the

body wall, which chiefly constitutes the

sac that characterizes the disease sac-

brood, is less easily broken at this time

than in the healthy larva. Wlien the

body wall is broken the tissues of the

larva, which constitute the contents of

the sac, flow out. This fluid tissue mass is less milky in appearance

than that from a normal larva. The granular (character of the con-

tents of the sac which is marked in later stages of decay is already in

evidence. By microscopic examination the granular appearance is

found to bo duo chiefly to fat cells.

Condition of the virus in the first stage.—When larva? of this stage

uro crushed, suspended in sirup, and fed to healtliy bees, a largo

Fio. 14.—First stage: Portion of a larva

dea^J of sacbroo*!, showing a more or less

tran-sveric roughened surface from wliich

the bees have removed a portion of tlie

Jarva ijiecemeal. (Original.)
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amount of sacbrood is readily produced, showing that the larval re-

mains in this stage are particularly infectious. This is an important
fact, as it is the stage of decay at which the larva is frequently re-

moved piecemeal from the cell.

Second Stage.

The color of the decaying larva has changed from the yellowish hue
of the first stage to a brownish tint. The yellow, however, has not

Fig. 17.—Third stage: Dorsal view of an-

terior third of larva dead of sacbrood.

(Origiaal.)

yet in aU cases entirely disappeared.

Anterior third.—The shade of

brown is deeper in the anterior third

(fig. 15; PI. II, i) as a rule than in the

other two thirds. On the ventral

surface of the anterior third there are

sometimes present minute, very

dark, nearly black areas, appearing

Uttle more than mere points. Upon
dissecting away the molt skin, these

areas are found to be associated with the developing head and thoracic

appendages of the bee. The position of the anterior third in this

stage has changed only slightly from that observed in the preceding

one. The apex is farther from the roof of the cell (PI. II, i). The
deflection is more marked and is seen in a greater number of larvae.

The surface markings have not changed materially.

Middle and 'posterior thirds.—The changes that have occurred in

each of these two thirds are still similar and can, therefore, again be

described together.

Fig. 16.—Second stage: Larva dead of sacbrood,

ventral view. (Original.)
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The ventral surface of these two thirds (fig. 16, PL II, o) is less con-

Tex from side to side. The ridges and furrows, representing the seg-

ments, are less pronounced. The lateral margins are stiU deeply

notched. The prominent angle seen on the ventral side of a healthy

larva, at the juncture of the middle and posterior thirds, has given

place to a wider one in this stage of decay. The clear subcuticular

fluid frequently observed at the lateral and posterior margins of lar-

vae dead of this disease is here increased in quantity.

Consistency of the contents of the sac.—The cuticuiar sac is now
more readily observed and less easily

broken. The decaying contents con-

sist of a more or less granular-appear-

ing mass suspended in a watery ap-

pearing fluid, the mass possessing a

shghtly brownish hue. The micro-

scopic examination shows that the

granular appearance is due to the

presence of decaying tissue ceUs,

chiefly fat cells, which are changing

slowly as the decay of the larva goes

on.

Condition of the virus.—The results

of inoculations show that the remains

of larvae at this stage of decay are

still in some instances infectious. The
amount of infection produced when
such IsiTYSd are used in making in-

oculations is very much less, how-

ever, than when larvae in the first

stage are used.

Third Stage.

Fig. 18.—Third stago: Larva dead ofsacbrood,

ventral view. (Original.)

The color of the dead larva of this

stage is quite brown, that of the an-

U'rior third being a dcH'pcr shade than

that of the other two thirds. An indication that the remains are

drying is observed in the wrinkling of the surface that is beginning to

be in evidence.

Anterior third.—The color of the anterior third is a deep brc^n.
This tliird still preserves its coiiclike form (figs. 17 and 9; PI. II, j),

the distance of tiie apex from the roof of the ceU being still further

increased. Tliis may (H^ual one-fourth or more of the diameter of tho

mouth of the cell. T\w surface markings nn^ still ((uito similar to

those of a healthy larva with the exception that cvidcnc(^s of drying

are present.

58674°—Bull. 431—17 3
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Middle third.—WMle tlie color of the middle third is similar to

and often approaches in its shade that of the anterior, very frequently

it is considerably lighter. The ventral surface of this third (figs. 18

and 7) is less convex from side to side than in the preceding stage,

and the segmental markings, while still plainly visible, are less pro-

nounced. The notches along the lateral margins are also less pro-

nounced.

Posterior third.—The color of the posterior third (figs. 18 and 7;

PL II, p) equals or exceeds in depth of shade that of the middle

third and sometimes equals that of the anterior third. The surface

markings are still pronounced and much resemble those of the

normal larva.

That the watery content of the sac is being lessened through evapo-

ration is evidenced by the diminution of the quantity of the watery-

FiG. 19.—Third stage: Larva dead of sacbrood, lateral view. (Original.)

appearing substance seen at the lateral margins of the middle and

posterior thirds and by the wrinkling of the cuticular sac. These

wrinkles are small and numerous.

The lateral view of the larva in the third stage (fig. 19) shows that it

stiU maintains, in a general way, the form and markings of the normal

larva (fig. 4). The turgidity is gone, although the position in the

cell is very much as it is in the healthy larva.

Consistency of the sac and its contents.—It is the appearance of the

remains of the larva in the third stage of the decay that best character-

izes the disease, sacbrood. The cuticular sac is now quite tough,

permitting the removal of the larva from the cell with considerable

ease and with httle danger of its being torn. The content of the sac is

a granular mass, brownish in color and suspended in a comparatively

small quantity of a more or less clear watery-appearing fluid. Upon
microscopic exanunation the mass is found to consist of decaying

tissues, chiefly fat cells.

Condition of the virus in the third stage.—When the larval remains

in this stage of decay are crushed and fed in sirup to healthy colonies

no sacbrood is produced, indicating that the dead larvae at this stage
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are not infectious. The status of the virus in this stage is not defi-

nitely known, but the facts thus far obtained indicate that it is

probably dead.
Fourth Stage.

The brown color of the larval remains has further deepened, the

anterior third being much darker as a rule than the other two-thirds.

The marked evidence of drying now present might be said to charac-

terize this stage.

Anterior third.—The color is a very deep brown, often appearing

almost black. As a result of drying, the apex of this coneHke third

Fig. 20.—Fourth stage: Remains of larva

dead of sacbrood. (Original.)

is often nearer the roof of the cell in

this stage than in the preceding one.

As a result it has also been drawn
inward from the mouth of the cell.

The surface markings seen in tbe

normal larva are in this stage (fig.

20 ; PI. II, 1c) of decay almost obhter-

ated tlu-ough the wrinkling of the

surface, duo to dr}'ing.

Middle third.—This third is de-

cidedly brown, but light<!r in shade

than the anterior third. The ventral surface (fig. 21; PI. II, q) is

slightly conclave from sid<^ to side. The segmental markings are stiU

to be seen, Imt arc not at all promincait. The notched lateral mar-

gins extend upon the side walls of the cell. The subcuticular fluid

so noticeable in some of the earlier stag<'3 has disappeared through

cva])()ralioii. Tlie effect of drying is very i)oticeHl)le, causing a

marked wrinkling of the surface.

Posterior third.—The y)osterior third (PI. 11, q) may or may not 1)(^

darker than the middl(! liiiid, but it is not darker than the anterior

Fig. 21.—Fourth stage: Remains of larva dead

of sacbrood, ventral view. (Original.)
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third. The effect of the drying on this third is quite perceptible also.

The surface markings and notched margin of the normal larva are

still indicated in the decaying remains, but are much less pronounced.

The subcuticular fluid is no longer in evidence.

CoTisistency of the contents of the sac.—^Upon tearing the sac, the

contents are found to be less fluid than in preceding stages. The
decaying tissue mass is still granular in appearance. As the drying

Fig. 22.—Fifth stage: Scale, or larval re-

mains, in sacbrood as seen on lookiag

into the cell. (Original.)

proceeds further the contents of the

sac become pastelike in consistency.

Condition of the virus in the fourth

stage.—As in the preceding stage, the

larval remains in the fourth stage do
not seem to be infectious.

Fifth Stage.
Fig. 23.—Fifth stage: Scale, or larval remains,

in sacbrood viewed at an angle from above.

(Original.)
The dead larva in this last stage

has lost by evaporation all of its

moisture, leaving the dry, mummylike remains know^n as the "scale."

Anterior third.—The anterior third (fig. 22 ; PI. II, Z) through dry-

ing is retracted from the mouth of the cell, with the apex drawn stiU

deeper into the ceU and raised toward its roof. This third is greatly

wrinkled, and, being of a very dark-brown color, presents often an

almost black appearance.

Middle third.—Tlie middle third (fig. 23; PI. II, r), is deeply

concave from side to side and may show remnants of the segmental

markings of the larva. The surface is often roughened through

drying. Sometimes both longitudinal and transverse tracheae are
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plainly visible. The margin frequently presents a wavy outline cor-

responding to the original furrows and ridges of the lateral margin of

the larva.

Posterior third.—The posterior third (figs. 23 and 24) extends upon
the bottom of the cell, but does not completely cover it. A lateral

view of the scale (fig. 24) shows that it is turned upward anteriorly

and drawn somewhat toward the bottom of the cell. The ventral

surface is concave, often roughened, and directed somewhat forward.

This margin, hke that of the middle third, has a tendency toward

beiag irregular.

The scale.—The scale can easily be removed intact from the cell.

(PI. II, X.) Indeed, when very dry, many of them can be shaken

from the brood comb. When out of the ceU, they vary markedly
in appearance. The anterior third is of a deeper brown than the

the other two thirds as a rule. The dorsal side of the middle and

Fig. 24.—Scale, or larval remains, in position in cell cut lengthwise, lateral view. (Original.)

posterior thirds is shaped to conform to the floor of the cell, being in

general convex, with a surface that is smooth and polished. The
margin is thin and wavy. The anterior third and the lateral sides of

the middle and posterior thirds being turned upward, the ventral sur-

face being concave, and the posterior side being convex, the scale in

general presents a boathke appearance and could be styled "gondola-

shaped." This general form of the scale has been referred to by
beekeepers as being that of a Chinaman's shoe. When completely

dry, the scale is brittle and may easUy be ground to a powder.

Corvd%ti/)n of the virus in the scale.-^The scales in sacbrood, when fed

to healthy bees, have shown no evid(^nce of being infectious.

llio length (jf time that dead larvsB ar(^ p(^rmitted by the hoos

to r(!main in the cells before thc^y ar(^ removed varies. They may bo

removed soon aft(^r death, they may remain until or after they have
])Cforn«' a dry scale, (>r they may be n'moved at niiy iiitcrvc^ning stage

in tlicir <lec.ay. Not inrnqiicndy lliey are permitted to remain to oi*
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through the stage described above as th-e third stage (figs. 7, 9,

17, and 18; PL II j, p). That the dead larvae are allowed to remain

in the cells often for weeks is in part the cause of the irregularity ob-

served in the appearance of the brood combs (p. 11). (Pis. I, IV.)

APPEARANCE OF THE TISSUES OF A LARVA DEAD OF SACBROOD.

The gross appearance of a larva during its decay after death from

sacbrood has just been described. The saclike appearance of the

remains, with its subcuticular watery-like fluid and its granular

content, can better be interpreted by knowing something of the

microscopic structure of the dead larva.

A section through a larva (fig. 25, A) dead of sacbrood shows that

the fat tissue constitutes the greater portion of the bulk of the body.

The fat cells (FC) are coniparatively large. In the prepared section

when considerably magnified (C) they are seen to be irregular

in outHne, with an irregular-shaped nucleus (Nu). Bodies stained

black, more or less spherical in form and varying in size, are foimd

in them. The presence of these cells is the chief cause for the

granular appearance of the contents of larvae dead of sacbrood. This

appearance has often been observed by beekeepers and is a weU-

recognized symptom of sacbrood.

In the section (A) may be seen a molt skin (Cg), which is at a con-

siderable distance from the hypodermis (Hyp). Another cuticula

(Ci) is already quite well formed and hes near the hypodermis. Be-

tween these two cuticulse (C2 and C^) during the earlier stages of

decay there is a considerable space ("intercuticular space") (IS).

This space is filled with a watery-looking fluid. That the fluid is not

water, but that it is of such a nature that a coagulum is formed in it

during the preparation of the tissues for study, is shown by the

presence of a coagulum in the sections.

The body (B, A) wall of the larva is composed of the cuticula (C^),

the hypodermis (Hyp) and the basement membrane (BM). The
hypodermal cells may be present in the mass content of the larval

remains. These cells are comparatively small. Similar ones are to

be found in the tracheal waUs (Tra). These cells, however, make
up only a small portion of the contents of the sac.

There are many other cellular elements to be foimd in the decaying

mass of larval tissues, some of which contribute to this granular ap-

pearance. Among these are the oenocytes (Oe), ceUs (D) larger than

the fat cel]s, but comparatively few in number. These are found

among the fat cells, especially in the ventral half of the body. The
oenocytes in the prepared tissues are irregular in outline, having a

nucleus regular in outhne. The cytoplasm is uniformly granular and
does not contain the black staining bodies found in the fat cells (C).
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a.-.
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Tra -_

Oe (-V

DDph DDph

Via. 25.—The tissues of a worker larva after being dead of sacbrood about one week. A, cross section,

semidiagrammatic, of the abdomen in the region of the ovaries, showing a recently cast cuticula, or

molt skin (d), a newly formed cliticu la (Q), thehypodcrmis(nyp), the stomach (St), the ovaries (Ov),

the heart (Ht;, the ventral nerve cord (VNC), the dorsal diaphragm (DDph), tracheaa (Tra), oeno-

cytes (Oe), and fat cells (FC). Between the cuticula Cj and the cuticula Ci is a considerable intercu-

tfcular space (I.S). R represents the body wall in this pathological condition, showing the cuticula Ca

and the cuticula Tj, both bearing spines (SCj and .S('i), and the intorcuticular space (IS) in which is

found evidence of a coagulum formed from the fluid filling the space by the action of tlie fixing fluids.

The remaindfT of the body wall, the hypodermi.s (Hyp), and the liasoment membrane (BM) are also

shown. C, fat i^ell with irregular outline, irregular nucleus (Nu), and deep staining bodies (DSB).
IJ, oenocyto with uniformly staining cytojilasm, and with a nucleus (Nu) having a uniform outline.

E, a porlJon of the stomach wall showing the epitlinllum (SKpth; during metamorphosis, it being at

thfai time <ni\Ui columnar in type, and the musculature (M). (Original.)
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The molt skin (Cg) is probably the one that is shed normally about
three days after the larva is capped. The cuticula (C^), already quite

well formed, is probably the one which normally would have entered

into the formation of the molt skin that is cast at the time the larva

or semipupa changes to a pupa. The molt skin (Cg) constitutes for

the most part the sac which is seen to inclose the decaying larval

mass in sacbrood, the cuticula (Cj) probably assisting somewhat
at times. The presence of the subcuticular fluid is made more intelU-

gible by these facts. Larvae dying of sacbrood at an earlier or later

period in their development wiU present an appearance varying

somewhat from that just described.

Contrasted with the stomach (midintestine or midgut) of a feeding

larva, the stomach (A, St) of a larva at the age at which it dies of sac-

brood is small. The cells lining the wall of the organ vary con-

siderably in size and shape, depending upon the exact time at which
death takes place. In contrast to the low cells of the stomach wall in

younger larvas, the cells (E, SEpth) at this later period are much elon-

gated. These cells would also at times be found in the decaying

granular mass present in the larval remains.

The various organs of the body contribute to the cellular content

of the decaying larval mass. At the period at which the larva dies

of sacbrood, the cellular changes accompanying metamorphosis are

particularly marked. This condition introduces various cellular ele-

ments into the decaying larval mass.

The granular mass from the larval remains in sacbrood is, therefore,

a composite affair. Upon examining the mass microscopically, it wiU
be found that the granular appearance is due for the most part to

fat cells suspended in a liquid. The Uquid portion seems to be

chiefly blood of the larva, or, at least, derived from the blood, although

augmented most probably by other liquids of the larva and possibly by
a liquefaction of some of the tissues present. The granular mass
suspended in a watery fluid, as a symptom of sacbrood, is by these

facts rendered more easily understood.

CAUSE OF SACBROOD.

DooHttle (1881), Jones (1883), Simmins (1887), Root (1892 and

1896), Cook (1902), Dadant (1906), and others through their writ-

ings have pointed out the fact that there are losses sustained from

sacbrood. There has been no consensus of opinion, however, as to

the infectiousness of the disease. On this point Dadant (1906)

writes

:

Whatever may be the cause of this disease (so-called Pickled Brood), and although

it is to a certain extent contagious, it often passes off without treatment. But, as

colonies may be entirely ruined by it, it ought not to be neglected.
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In the quotation Dadant expresses the behef that the disease is an

infectious one. This view has been proved by recent studies to be the

correct one. Since the disease is one of a somewhat transient nature,

often subsiding and disappearing quickly without treatment, and is

quite different in manyways from thefoulbroods, it is not strange that

some writers should have held that it is not infectious.

PREDISPOSING CAUSES.

Beekeepers have known for many years certain facts concerning the

predisposing causes of sacbrood. Recent studies have added others

relative to sex, age, race, climatic conditions, season, and food as

possible predisposing factors in the causation of the disease.

Age.—The results of the studies suggest that adult bees are not

directly susceptible to the disease. Pupae are rarely affected (PI.

II, zz). If one succumbs to the disease, it is quite soon after trans-

formation from the larval stage. Primarily it is the larvse that are

susceptible. When a ia,rva dies of the disease, it does so almost

invariably after capping, and usually during the 2-day period immedi-

ately preceding the time for the change to a pupa.

Sex.—Worker and drone larvae may become infected. Queen larvse

apparently are also susceptible, although this point has not yet been
completely demonstrated.

Race.—No complete immunity against sacbrood has yet been found

to exist in any race of bees commonly kept in America. That one
race is less susceptible to the disease than another may be said

to be probable, although the extent of such immunity has not been
established.

The question : "What race of bees is there in the diseased colony ?
"

was asked beekeepers sending samples of diseased brood. Out of 140

replies received from those sending sacbrood samples, 53 reported

hybrids, 40 reported Italians, 21 reported blacks, and 17 reported

Italian hybrids. These replies show that the bees commonly kept by
American beekeepers are susceptible, although their relative suscepti-

bility is not shown.

The bees wliich have been inoculated in the experimental work
on sacbrood have; been largely Italians or mixed Math Italian blood.

Blacks have also been used. No complete; immunity was observed

in any colony inoculatc^d. That the blacks are more susceptible

than strains having Italian blood in them is suggested by some of the

results. Facts concerning the problem of immunity as rehiting to

bees are ycit altogether too meager to jnslify more dchnite state-

ments.

Climfitfi.—Ilistorial evidence strongly siiggcsl.s tlinf, siic.])ron(l is

found in Germany (Lnrigslroth, 1857), England (Simnuns, 1887),

58574°—Bull. 4:il—17 4
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and Switzerland (Burri, 1906). Beuline (1913) reports its presence
in Australia, and Bahr (1915) has encountered a brood disorder
among bees in Denmark which he finds is neither of the foul broods.
He had examined 10 samples of it but had not studied it further.

He says it may be sacbrood.

About 400 cases of sacbrood have been diagnosed by Dr. A. H.
McCray and the writer among the samples of brood received for

examination at the Bureau of Entomology. A few of these were
obtained from Canada. Whether the disease occurs in tropical

climates or the coldest climates in which bees are kept has not yet
been completely established.

The mountains and coast plain of the eastern United States, the
plains of the Mississippi Valley and the mountains, plateaus, and coast

plain of the western portion of the country have contributed to the

number of samples examined. It occurs in the South and the North.

Its occurrence in such widely different localities is proof that sac-

brood is of such a nature that it can appear under widely different

climatic conditions. The relative frequency of the disease, further-

more, is not materially different in the different sections of the country.

It must be said, however, that the extent, if any, to which the dis-

ease is affected by climate has not yet been determined.

The practical import of these observations regarding climate, of

particular interest here, is that the presence of sacbrood in any region

can not be attributed entirely to the prevailing clim-atic conditions.

Season.—It has long been known that sacbrood appears most often

and in the greatest severity during the spring of the year. As is

shown by the results obtained in the diagnosis of it in the laboratory,

the disease may appear at any season of the year at which brood is

being reared. In the inoculation experiments sacbrood has been

produced with ease from early spring to October 21. While it is thus

shown that the brood is susceptible to sacbrood at aU seasons,

various factors together cause the disease to occur with greater

frequency during the spring.

Food.—Before it was known that sacbrood is an infectious disease

the quantity or quality of food was not infrequently mentioned by
beekeepers as being the cause of the disease. Since a filterable virus

has been shown to be the exciting cause of the disease, it is left to be

considered whether food is a predisposing cause. The distribution

of the disease mentioned above, under the heading "Climate," here

again serves a useful purpose. Since it occurs in such a wide range

of localities, wherein the food and water used by the bees vary as

greatly almost as is possible in the United States, the conclusion may
be drawn that its occurrence is not dependent upon food of any

restricted character. Furthermore, sacbrood is found in colonies

having an abundant supply of food, as well as in colonies having a



SACBEOOD. 27

scarcity. It has been produced experimentally in colonies under

equally varying conditions in regard to the quantity of food.

While it is possible that the quantity or quality of food may influ-

ence somewhat the course of the disease in the colony, the r61e played

by food in the causation of sacbrood must be slight, if indeed it con-

tributes at all appreciably to it. Practically, therefore, for the

present it may be considered that neither the quahty nor quantity

of food predisposes to this disease.

EXCITING CAUSE OF SACBROOD.

That sacbrood is an infectious disease was demonstrated by the

writer (1913) through experiments performed during the summer of

1912. This was done by feeding to healthy colonies the crushed

tissues of larvae dead of sacbrood, suspended in sugar sirup. The
experiments were performed under various conditions, and it was

found that the disease could be produced at will, demonstrating

thereby that it was actually an infectious one.

In the crushed larval mass no microorganisms were found either

microscopically or culturally to which the infection could be attrib-

uted, although the experiments had proved that the larva dead of

the disease did contain the infecting agent. This led to the next step

in the investigation, which was to determine whether the virus was

so small that it had not been observed, and whether its nature would

permit its passage through a filter. The first filter used for this

purpose was the Berkefeld.

The process by which the filtration is done is briefly this: Larvae

which have been dead of sacbrood only a few days are picked from

the brood comb and crushed. The crushed mass is added to water in

the proportion of 1 part larval mass to 10 parts water. A higher

dilution may be used. This aqueous suspension is allowed to stand for

some hours, preferably overnight. To remove the fragments of the

larval tissues stiU remaining, the suspension is filtered, using filter

paper. The filtrate thus obtained is then filtered by the use of the

Berkefeld filter ^ (fig. 26) properly prepared. The filtering in the

case of the coarser filters especially can be done through gravity

alone.

To det(!rmine whether any visible microorganisms are present

in this last filtrate, it is examined microscopically and culturally.

When found to be apparently free from such microorganisms, a quan-

tity of it may be added to sirup and the mixture fed to healthy colo-

' The IJcrkefcId filter coasists of a compact material CinfusorLil earth) in tlio form of a cylinder. A glass

mantel (A) in whicli is fixed the filter furms a cup for Ijoldini; I'le (liiid to In; fillcrcd. Having liltored

tho a'lUeoussu.spen.Hion of crushed sat^hrood larvii' tlirou^h jtupor, the /iltralc is then (iltorc.d by allowing

it to pass through tho walls of tlio Berkefeld cylinder (li;. The (lllriilo from this filtration is colloctod

Into a st«rlle flask (F) through a ghuss tube (l>) v/il h its rubber connection (( '). In filtering iii this instance

gravity Is the only force used.
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nies. When all this is properly done, sacbrood will appear in the
inoculated colonies. This shows that the virus ^ of this disease, to a

Fig. 26.—Berkefeld filter (B) with the glass mantle (A), glass tubing (D), a connecting rubber
tubing (C), and a flask (F) with a cotton plug (E). (Original.)

certain extent, at least, passes through the Berkefeld filter. With
this filter the virus is therefore filterable.

1 In referring to the infecting agent in sacbrood, the term "virus" is preferable to the terms "germ" or
"parasite." In relation to the disease, however, its meanmg is the same as that conveyed by the latter
terms.
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In the study of the virus of sacbrood use has been made also of

the Pasteur-Chamberland filter ^ (fig. 27). This is a clay filter, the

pores of which are much finer than those of the Berkefeld used. In

using this filter, an aqueous suspension of la.rvse dead of the disease

is prepared as before. This is filtered by the aid of pressure obtained

Fig. 27.—A convenifint apparatus wliiuh cau bo employed in using the Pasteur-Chamborland,

Berkefeld, and other filters. Pasteur-Chamberland filter (b) with a glass mantle (a), a rubber stopper (c)

through whifth passes the filter, a connecting rubber tubing (d), glass tubing (e), a perforated rubber
stopper (f), a vacuum jar (g), designed by the writer, in which is placed a cotton-stoppered and steril-

iVd flask, a glass stopcock (h), a vacuum gauge (i), a reservoir (m) with pressure-rubber connections

(j;, and a vacuum pump (k). (Original.)

by means of a partial vacuum in an apparatus devised for this pur-

pose. Filtrates obtained from this filt(T wh(!n fed to healthy coloui<>s

produced the disease. Since the virus of sacbrood wiU pass through

'The Pastenr-f'hamberland filter consists of clay molded in the form of a hollow cylinder and baked.

ThI.s Is used with a glass cylinder (a) fitted with a rubber stopper (c). In the use of this filter, force is

employed. Thi.s was obtained for these experiments through the use of a jar (g) devised by the writer in

which a fmrtial vacinim can be prfHluwd. in thi.s jar, is placed a tlask plugged with cotton and sterilized.

f(»nn<>ctions are made as shown in the illustration, the vacinim being produced through the use of the

pump fk). In less than half an hour usually a half-|)int of filtrate can be obtained with this apparatus.
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the pores of the Pasteur-Chamberland filter also, it is therefore fil-

terable and is very properly referred to as a "filterable"^ virus.

In considering the virus of sacbrood it is suggested that the bee-

keeper think of it as a microorganism ^ which is so small or of such

a nature that it has not been seen, and which wiU pass through the

pores of fine clay filters. This conception of it will at least make it

more easily understood.

WEAKENING EFFECT OF SACBROOD UPON A COLONY.

The first inoculations in proving that sacbrood is an infectious

disease were made on June 25, 1912. Two colonies were used,

each being fed with material from a different source. The inocu-

lation feedings were made on successive days. Sacbrood having

been produced in the colonies, the inoculations were continued

at intervals throughout July and August. During this period, a

large amount of sacbrood was present in both colonies. By the end

of July these colonies had become noticeably weakened, and by the

end of August they had become very much weakened, as a result of

the sacbrood present in them. On September 5 one of the colonies

swarmed out.

The brood (PL IV) of this colony, large in quantity, was practically

all dying of sacbrood. The other colony, when examined on Sep-

tember 16, was found to be very weak. At this time, however, most
of the dead brood had been removed and healthy brood was being

reared. This colony increased in strength and wintered successfully.

The results obtained from the inoculation of these two colonies

demonstrated not only that sacbrood is an infectious disease, but

also that the disease in a colony tends to weaken it. The results

indicate also that a colony may be destroyed by the disease, or it

may recover from it, gain in strength, and winter successfully.

Each year since 1912 two or more colonies have been fed sacbrood

material at intervals during the brood-rearing season for the purpose

of obtaining disease material for experimental purposes. The inocu-

lated colonies in aU instances have sho^^^l a tendency to become
weakened as a result of the inoculations.

The death of the worker larvse is the primary cause for the weak-
ness resulting from the disease in a colony. Another point to be

thought of is that dead sacbrood larvse remaining in the cells for

weeks, as they not infrequently do, reduce the capacity of the brood

nest for brood rearing, which has a tendency also to weaken the colony.

1 In searching the tissues of larvaj dead of sacbrood and the filtrates obtained from them nothing has been

discovered by the aid of the microscope^ or culturally, which has yet been demonstrated as being the infect-

ing agent. This being true, the virus could be spoken of tentatively as an "ultramicroscopic virus." It

is preferable, for the present, however, to refer to it simplj'- as a filterable ^'irus.

2 There is some question whether, in the case of diseases having a ytius which is filterable, the infecting

agent is in every instance a microorganism. The evidence is strong, however, that it is.
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AMOUNT OF VIRUS REQUIRED TO PRODUCE THE DISEASE, AND THE
RAPIDITY OF ITS INCREASE.

Assuming the virus of sacbrood to be a very minute microorgan-

ism, the number of germs present in a larva dying of the disease must
be considered as exceedingly large. Whether a single germ taken

up by a larva will produce the disease in every instance, or in any
instance, is not known. If the disease does result at any time from the

ingestion of a single germ, all of the conditions, it may be assumed,

must be especially favorable for the production of the disease. From
what is known of diseases of other animals and of man, and from the

results thus far obtained in the study of sacbrood, it is well, at present,

to assume that the number of sacbrood germs taken up by a larva

may be so small that no disease results.

It is certain, however, that a comparatively smaU number of

sacbrood germs ingested by a larva about two days old are sufficient to

produce the disease. That the few germs thus taken up can increase

within the larva during an incubation period of five or six days to

such a vast number as is assumed to be present in a larva dying of

the disease indicates the extreme rapidity with which the germs are

able to multiply.

The minimum quantity of virus necessary to produce a moderate

infection in a colony has not been definitely determined. It was
found by experiments, however, that the virus contained in a single

larva recently dead of the disease was sufficient to produce a large

amount of sacbrood in a colony.

As a very rough estimate, it may be said that the quantity of virus

in a single larva dead of sacbrood is sufficient, when suspended in

half a pint of sirup and fed to a healthy colony, to produce in-

fection in and death of at least 3,000 larvas. Starting then with the

virus contained in a single larva, in less than one week it would

easily be possible to have 3,000 larvae dead of the disease, which

means that the virus has been increased 3,000-fold within one week.

This latter amount of virus would be sufficient to produce an equal

amount of infection in 3,000 colonies, increasing the amount of virus

again 3,000-folf]. In less than two weeks, therefore, theoretically

it would be possible to produce a sufficient amount of virus to infect

9,000,000 colonies, more colonies probably than are to be found at

present in the United vStates. Carrying the idea somewhat further,

witliin three weeks, theoretically enough virus could ho. produced

to inoculate every colony in existence.

Tlu'se facts are sufTicicnt to indicate somewliat the enormous

rapidity with wliich tlic; virus of sacbrood is capable of increasing.
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METHODS USED IN MAKING EXPERIMENTAL INOCULATIONS.

The laboratory study of bee diseases being new, it has been neces-

sary in many instances to devise new methods. In the experimental

inoculations of bees the methods used have undergone revision from
time to time. Those

now employed have
proved quite satis-

factory.

As the virus of sac-

brood has not been

cultivated in the lab-

oratory artificially, it

has been necessary in

these investigations,

to inoculate a larg&

number of colonies.

A nucleus of bees

that could be accom-
modated on from 3

to 6 brood frames

was found to serve

very satisfactorily

the purpose of an ex-

perimental colony.
The queen should al-

ways be clipped. The
frames are placed in one side of a 10-frame hive body (fig. 28). Over
the entrance to the hive is placed wire cloth, leaving a small space

of about 1 inch in length on the side occupied by the brood frames.

Petri dishes ^ (fig. 29) serve well the purpose of a feeder. Both
halves of the dish are used

as receptacles. These are

placed, preferably about

four of the halves, v/ithin

the hive on the bottom
board on the side not occu-

pied by frames. The hives

of the experimental apiary

(PL III) are arranged
chiefly in pairs, with the entrances of consecutive rows pointing in

opposite directions. The space occupied by the apiary should be

Fig. 28.—The hive as it is employed to house and feed a colony used

for experimental inoculations. Here are shown four Hoffman
frames, a division board, four open Petri dishes as feeders, and the en-

trance nearly closed with wire cloth, the opening being on the side

of the hive body occupied by the colony. The dimensions Indicated

are approximate. The angle at which the hive was photographed

for this drawing caused its length to appear foreshortened. ( Original.

)

Fig. 29.—Petri dish. The top half is slightly raised. Those-

used here are 4 inches in diameter. (Original.)

1 A Petri dish, a much-used piece of apparatus in a laboratory, is simply a shallow, circular, glass dish

with a flat bottom and perpendicular sides. It consists of two halves, a bottom and a top. These are

very similar. The top half, being slightly larger, fits over the bottom one when the two halves are placed

together.
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broken up, preferably by trees or shrubbery. By these means, it

vnll be observed, there is a tendency to minimize the Hkelihood of

robbing, swarming, absconding, and accidental straying or drifting

of bees to foreign colonies.

In preparing the material with which the colony is inoculated,

larvae in early stages of the disease are picked from the brood

frames, crushed, and added to sugar sirup. The
crushed mass from 10 or more sacbrood larvae, sus-

pended in somewhat more than half a pint of sugar

sirup, has been found to be a suitable quantity of the

infective material to use in making an inoculation.

The suspension may be fed to the bees as one feeding

or more. The inoculation feedings should be made as

a rule toward evening to avoid the tendency to rob,

whichmay be noticed during a dearth of nectar. Inocu-

lations should not be made when the tendency to rob

is at all marked.

Before a colony is inoculated it should be deter-

mined that its activities are normal. A colony should

not be inoculated for several days after it has been

made by division, or immediately after its removal

from a foreign location. An experimental colony when
inoculated should have larvae of all ages, and a queen

doing well.

Between five and six days after a colony has been

inoculated with sacbrood virus, the first symptoms of

the disease are to be expected. The finding of capped

larvae having a slightly yellowish hue (fig. 12; PI. II,

h, K) is the best early symptom by which the presence

of the disease may be known.

Another method of inoculation may be used and

under certain circumstances is desirable. The method
is more direct than the one just described. The
crushed tissues of a diseased larva are suspended in a

small amount of water or thin sugar sirup. With a

capillary pip(!tte (fig. 30) made from small glass tubing,

a very small amount of the suspension is added di-

rectly to the food wliich surrounds the healthy larva

in the cell. This is easily done. Having drawn some of the suspen-

sion into the pipette, carefully tou(;h the food in the cell surround-

ing the larva with the point of the pipette. A small amount of the

Huspcjnsion will flow out and mix with the food. Larvae approxi-

mately two days of ag(^ slionld be selected for fecnling. A dozen

Fig. 30 —Capillary
pipette. A piece
of glass tubing
drawn to capil-

lary size at one
end. Reduced to
tliroo-fourths of

the size used,
(Original.)
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or more should be fed in making an inoculation. The area of

brood inoculated may be designated by marking on the brood frame,

or by removing the brood from around the area inoculated, thus

marking it off.

, MEANS FOR THE DESTRUCTION OF THE VIEtS OF SACBROOD.

Although the virus of sacbrood may increase with great rapidity,

fortunately it is quite as readily destroyed. Nature supplies many
means by which this may be accomplished. While theoretically a

suflB.cient amount of virus may be produced within one month to

inoculate all the bees in existence, within another month, if left to

natural means alone, practically all such virus would be destroyed.

This latter fact constitutes one of the chief reasons for the compara-

tively rapid self-recovery of colonies from this disease.

It was observed in the experiments that larvae dead of sacbrood

when left in the brood comb ceased to be infectious in less than one

month after death.

HEATING REQUIRED TO DESTROY SACBROOD VIRUS WHEN SUSPENDED
IN WATER.

Approximate results have been published (White, 1914) relative

to the heating that is necessary to destroy the virus of sacbrood

when it is suspended in water. In the following table are given

some results which have been obtained

:

Table I.

—

Effect ofheating on the virus of sacbrood suspended in waters

Date of inoculation. Temperature.
Time of
heating.

"F. °C. Minutes.
122 50 30
131 55 10
131 55 20
135 57 15
136 58 10
136 58 10
138 59 10
140 60 15
142 61 10
149 65 15
158 70 15
167 75 15
176 80 15

Results of inoculation.

Aug. 6, 1913.,

Sept. 10, 1913
Sept. 9, 1913.
Sept. 18, 1913
June 30, 1915.

Sept. 10, 1913
Aug. 28, 1915.

Sept. 10, 1913
Aug. 28, 1915
Aug. 26, 1913

Do
Do
Do

Sacbrood. produced.
Do.
Do.
Do.
Do.

No disease produced.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

1 Fractions will be omitted in this paper, the nearest whole number being given.

It will be observed from Table I that 138° F. (59° C.) maintained

for 10 minutes was sufficient to destroy the virus of sacbrood in the

inoculation experiments recorded. Technically, in view of the

variable factors which must be considered in experiments of this

kind, this result, as j-epresenting the thermal death point of the

sacbrood' virus, should be considered as being only approximate.

For practical purposes, however, it is sufficient.
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In performing these experiments a crushed mass,

representing from 10 to 20 larvse recently dead of the

disease, is diluted to about 10 times its volume with

tap water. About one-half ounce of this suspension is

placed in a test tube (fig. 31), almost filling it. The
tube is stoppered with a perforated cork, bearing a

short glass tube of small cahber and drawn at one end

to capillary size. This is all immersed in water at a

temperature to which it is desired that the virus shall

be heated. It requires nearly five minutes for the tem-

perature of the suspension in the tube to reach that of

the water outside. Aftei reaching the degree desired

the temperature is maintained for 10 minutes, after

which the tube is removed and the contents added to

about one-half pint of sirup. The suspension is then

fed to a healthy colony. If by such a feeding no sac-

brood is produced, the virus is considered as having

been destroyed by the heating. On the other hand,

if the disease is produced it follows naturally that the

virus had not been destroyed.

HEATING REQUIRED TO DESTROY SACBROOD VIRUS
WHEN SUSPENDED IN GLYCERINE.

In determining the amount of heating that is necessary

to destroy the virus of a disease when it is suspended

in a liquid, the results should always be given in terms

of at least the three factors, (1) degree of temperature,

(2) time of heating, and (3) the medium in which the

virus is suspended.

With the virus of sacbrood the results vary markedly,

depending upon the nature of the liquid in which the

suspension is made. To illustrate this point the re-

sults of a few inoculation experiments are given hero

in which the virus was heated while suspended in

glycerine.

Table II.

—

Effect produced by heating the virus of sacbrood suspended

in glycerine.

Date of inoculation. Temperature.
Time of
heating.

Uesulta of inoculation.

Jiinc 2.5, 191.5

-7''.

140
149
\r,H

im
\ia

1(17

'C.
m
70
71
7.'{

7.5

MinuliK.
10

10

10

10

10

10

Hacbrood produced.
Do.June 24, 1915

June 2.5, 191.5 IXl

Aug. 2H, 1915 Do
Do No dl.soa.se produced

.

Do.Aug. 7, 1910

§.?
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In these inoculations it will be observed that a temperature some-

what greater than 158° F. (70° C.) maintained for 10 minutes was
necessary to destroy the virus of sacbrood when it was suspended in

glycerine, while a temperature somewhat less than 140° F. (60° C.)

is sufficient to destroy it when suspended in water (p. 34). The same
technique was employed when glycerine was used as the suspending

medium as was employed when water was used as the medium.
The same stram of virus was used in both instances. The point

here illustrated is of special interest in connection with the heating

of honey containing the virus of sacbrood.

HEATING REQUIRED TO DESTROY SACBROOD VIRUS WHEN SUSPENDED
IN HONEY.

From the results obtained by heating the virus of sacbrood in

glycerine as given above it might be expected that a higher tempera-

ture would be necessary to destroy the virus when it is suspended in

honey than when it is suspended in water.

In determining the heating necessary to destroy the virus when
suspended in honey the technique followed was similar to that

employed when water and glycerine suspensions were used. The
virus used in the inoculations bearing the date 1915 was of the same
strain in all instances.

Table III.-

—

Results obtained vjTien the virus of sacbrood was heated in honey.

Date of inoculation. Temperature.
Time of
heating.

"F. "C. Minutes.
140 60 10
145 63 10
149 65 10
154 68 10
156 69 10
158 70 10
158 70 10
158 70 10
160 71 10
160 71 10
163 73 10
163 73 10
167 75 10
167 75 10
176 80 10

Results of inoculation.

June 1, 1915.
June 11, 1915

Do
June 4, 1915.
June 24, 1915

Do
Junel, 1915.
June 18, 1915
July 3, 1915.,
Aug. 28, 1915
Aug. 7, 1915.
Aug. 28, 1915
June 1, 1915.
Aug. 7, 1915.
June 1, 1915.

Sacbrood produced.
Do.
Do.
Do.
Do.
Do.

No disease produced.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

As shown by the results recorded in Table III, the virus of sacbrood

when suspended in honey was destroyed in 10 minutes at a tempera-

ture very near 158° F. (70° C). This temperature is more than 18° F.

(10° C.) greater than the temperature required to destroy in the same
time the virus when suspended in water and approximately equal to

that necessary to destroy it when suspended in glycerine.
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RESISTANCE OF SACBROOD VIRUS TO DRYING AT ROOM TEMPERATURE.

In the experiments made for the purpose of determining the amount
of drying which the virus of sacbrood will withstand, larv« recently

dead of the disease were used. These are crushed, strained through

cheesecloth, and the crushed mass poured into Petri dishes (fig. 32) to

the extent of a thin layer for each dish, the material in each being the

crushed remains of about 30 larvae. These are placed in a drawer,

shielding the larval material from the light. The drying then pro-

ceeds at the temperature of the room. This temperature varied

greatly from day to day, sometimes being as high as 93° F. (34° C).

At intervals, reckoned in

days, after the preparation

of the virus, colonies are

inoculated. An aqueous

suspension is made of the

drying larva] content con-

tained in a Petri dish.

This is added to sirup, and

the sirup suspension is fed to a healthy colony

gave the following results

:

Fig. 32.—Open Petri dish. One-half of Petri dish, either

top or bottom. (Original.)

The experiments

Table I^'.—Resistance of sacbrood virus to drying at room temperature.

Date of inoculation. Time of drying. Results of inoculation.

Aug. 8. 1914.,

Aug. 14, 1914.

Sept. 6, 1915.
July 1,1915..
Sept. 28, 1915
July 6, 1915..
Sept. 3, 1915.
Sept. 27, 1915
Oct. 9, 1914 .

.

July 29, 1915.

Sept. 3, 1915.
Do

May 22, 1915.
Do

3 days ,

7 days ,

13 days ,

16 days
18 days ,

20 days
22 days
26 days
28 days
28 days
35 days
45 days ,

7 months 12 days
7 months 21 days

Sacbrood produced.
Do.
Do.
Do.
Do.
Do.

No sacbrood produced.
Do.
No.
Do.
Do.
Do.
Do.
Do.

From the results recorded in Table IV it will be noted that the virus

of sacbrood in the experiment referred to withstood drying at room
temperature for approximately three weeks.

The inoculations made during the third week indicated, by the re-

duced amount of sacbrood produced, that much of the virus had
already been destroyed. Obtaining negative results from the use of

larval matcriul which had bcnn drying more than seven months tends

toward eliminating tlio possil>ility that tlie virus possesses u resting

stage.
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Similar preliminary experiments made to determine the amount of

drying which the virus of sacbrood will withstand at outdoor tempera-

ture and at incubator temperature (about 99° F. [37° C.]) gave results

approximately those obtained from drying at room temperature, the

time being somewhat less in the case of drying at incubator tempera-

ture.

Preliminary experiments indicate also that when the virus is mixed
with poUen and allowed to dry the period for which it remains virulent

is increased only slightly.

RESISTANCE OF SACBROOD VIRUS TO DIRECT SUNLIGHT WHEN DRY.

In the experiments made to determine the amount of sunlight

which the virus of sacbrood is capable of resisting, Petri-dish prepara-

tions similar to those made in the drying experiment were prepared.

After drying a few hours in the room the uncovered dish is exposed

to the direct rays of the sun. At different intervals, measured in

hours, inoculations of healthy colonies are made similar to those in

the drying experiments. The following results were obtained:

Table V.

—

Resistance of the virus of sacbrood, ivhen dry, to direct sunlight.

Date of inoculation.

Time of

exposure
to sun's
rays.

Results of inoculation.

Sept. 17, 1915.

July 29, 1915.
Sept. 17, 1915.

Sept. 16, 1915.

Do
Do

Aug. 25, 1915.

Sept. 10, 1915.

Do
Sept. 9, 1915..

Do
Aug. 19,1915.
July 16, 1915.
Aug. 20, 1915,

Sept. 11, 1915

Sacbrood produced.
Do.
Do.
Do.
Do.
Do.
Do.

No disease produced.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

The results recorded in Table V show that the virus of sacbrood in

the experiments made was destroyed in from four to seven hours'

exposure to the direct rays of the sun. The results obtained also

indicate that much of the virus was destroyed in a 2-hour exposure

to the sun.

It wiU be readily appreciated that the time that the virus will

resist the sun's rays wiU depend a great deal upon the intensity of

the rays at the time of its exposure and the tliickness of the layer

of the infective larval material in the Petri dish. The drying that
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would naturally take place during the exposure to the sun would
tend also to destroy the virus, but as the resistance to drying is better

given in weeks than days, this factor may be disregarded here.

RESISTANCE OF SACBROOD VIRUS TO DIRECT SUNLIGHT WHEN SUS-
PENDED IN WATER.

In the experiments made for the purpose of determining the resist-

ance of the virus of sacbrood to the direct rays of the sun when
suspended in water, Petri dishes were again used. About IJ ounces of

the aqueous suspension containing the crushed tissues of 30 larvae is

poured into the dish and exposed to the direct rays of the sun. After

intervals reckoned in hours the inoculations of healthy colonies are

made.- The contents of a single Petri dish are added to about one-

half pint of sirup and the suspension fed to a healthy colony. The
following results were obtained from the experiments:

Table VI.

—

Resistance of sacbrood virus to the direct rays of the sun when suspended in
water.

Date of inoculation.

Time of
exposure
to sun's
rays.

Results of inoculation.

Sept. 10, 1915
Aug. 20, 1913.

Sept. 14, 1915
Aug. 24, 1915
Aug. 18, 1915
Sept. 9, 1915.
Sept. 10, 1915
Aug. 24, 1915

Do
Aug. 16, 1915.

Sept. 8, 1915..

Do
Sept. 9, 1915.

Do
Aug. 25, 1915.

Aug. 20, 1915.

July 13, 1915.
Aug. 26, 1915.

Hours.
1

2
2
2
3
4

4
5
4
5
5
6

7

8
10
12
13

13

Sacbrood produced.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

No disease produced.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

From Table VI it will be seen that when suspended in water the

virus of sacbrood was killed in from four to six hours.

The af|U(;ous suspensions in the Petri dishes in these experiments

did not reach by several degrees the temperature 138° F. (59° C.) at

which the virus is destroyed readily by heating (p. 34). Naturally

experiments of the nature of those in this group wiU vary in all cases

with the intensity of the sun's rays to which the virus is exposed.

The exposures were madB in these experiments between 9 and 4

o'clock, tlio sun's rays toward the middle of the day being most
often used.
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RESISTANCE OF SACBROOD VIRUS TO DIRECT SUNLIGHT WHEN SUS-
PENDED IN HONEY.

The crushed and strained tissue mass of larvae dead of sacbrood

was suspended in honey and exposed to the direct rays of the sun.

To prevent robbing by bees, closed Petri dishes were used. At
intervals reckoned in hours healthy colonies were inoculated, each

with the virus from a single Petri dish. The exposures were made
during the day between 9 and 4 o'clock, preference being given to

the hours near midday. The group of experiments conducted on

this point gave the following results:

Table VII.

—

Resistance of the sacbrood virus to direct sunlight when suspended in honey.

Date of inoculation.

Time of
exposure
to sun's
rays.

Results of inoculation.

Aug. 24, 1915,

Do
Aug. 18, 1915,

Sept. 9, 1915.

Sept. 10, 1915
Aug. 24, 1915
Aug. 16, 1915.

Aug. 25, 1915,

Sept. 8, 1915.,

Do
Sept. 9, 1915.,

Do ,

Aug. 25, 1915
Sept. 11, 1915
Aug. 26, 1915
Sept. 11, 1915

Sacbrood produced.
Do.
Do.
Do.
Do.
Do.

No disease produced.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

From the results of the experiments recorded in Table VII it will

be observed that the virus of sacbrood when suspended in honey

was destroyed by the direct rays of the sun in from five to six hours.

These figures represent the time for destruction of all of the virus

used in each experiment. The results obtained from the experi-

ments indicate, however, that much of it was destroyed earlier.

LENGTH OF TIME THAT SACBROOD VIRUS REMAINS VIRULENT IN
HONEY.

In devising methods for the treatment of sacbrood it is of particular

interest to knpw the length of time that the virus will remain virulent

when it is in honey. Experiments have been made to gain data on

this point. Larvae recently dead of sacbrood are crushed, strained,

and suspended in honey. About one-half pint of the suspension,

representing the virus from about 30 dead larvae, is placed in each of

a number of glass flasks. These are allowed to stand at room temper-

ature, being shielded from the light by being placed in a closed cabinet.
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After periods reckoned in days inoculations of healthy colonies are

made. The foUowina; results have been obtained:

Table VIII.

—

Length of time the virus of sacbrood remains virulent in honey.

Date of inoculation.

June 17, 1915.
June 4, 1915 .

.

Oct. 2, 1915...

Sept. 3, 1915..

July 29, 1915..

June 30, 1915

.

Do
July 17, 1915..

Oct. 21,1915..
Sept. 8, 1915..

May 13, 1915..

May 6, 1915..

.

May 4, 1915...

May 18, 1915..

Sept. 3, 1915..

Time virus
was m
honey.

Mosi Days.
20
23
30
24
29
33
35
36
49
70

17 10

7 20
8 2
8 21

12 1

Results of inoculation.

Sacbrood produced.
Do.
Do.

No disease produced.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

I The dead brown larval remains were not crushed before being introduced into the honey.

The experiments recorded in Table VIII show that the virus of

sacbrood when suspended in honey at room temperature remained

virulent for three weeks, but was entirely destroyed before the end

of the fifth week. It is most likely that the virus in most instances

is destroyed by the end of one month at this temperature.

The experiments in which the virus had been allowed to remain

in the honey for more than seven months suggest that there is prob-

ably no resting stage of the virus to be considered in this connection.

The facts tend to indicate that the virus does not receive any marked
amount of protection by being in honey. From the dates of the

experiments in this group it will be noted that the virus was sub-

jected to summer temperature. The evidence at hand indicates that

it remains virulent somewhat longer when the temperature is lower.

RESISTANCE OF SACBROOD VIRUS TO THE PRESENCE OF FERMENTA-
TIVE PROCESSES.

Fermentation and putr('.fac-,tion ' are other means by wliicli the

virus of sacbrood may be destroyed in water. A crushed and
Btruined mass of tissue from larvae recently d(^ud of the disease is

suspended in a 10 per cent sugar (granulated or cjine sugar) solution.

' "Fermentation" has roferenf« here xjarticiilariy to the brcakinp; up of carbohydrate substances by
the growth of microorganisms, the sugars in honey being naturally the carbohydrates especially of interest

In these discussions. The process rtisu Its in the forinaliori of a large niimlior of substances—acids, alcohols,

etc. The dor a^'M^jompanylng such a prmies-s could not lie calli^d oflcnsive. liy the term "i)ulrofactlori"

la meant the hr«iking up of nitrogenous organic siilistanc*^ by microorganisms. Those have a cliemiciil

compwltion f|ult« flKferent from the carbohydrates. When broken up tlie resulting siibstiincos are more
often alkaline In nature. The dor from a suspension In which jiiitrefactlvo processes are going on is

usually distinctly oirenslvo.
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A small quantity of soil is added to inoculate the suspension further.

This is then distributed in test tubes (fig. 33), the quantity in each tube

representing the virus from about 15 larvse. These suspensions are

allowed to remain at room temperature, shielded

from the light. Under these conditions fermenta-

tion goes on rather rapidly.

After intervals reckoned in days colonies free

from the disease are inoculated, each with the

suspension from a single tube. Results from
such inoculations are given in the following table:

Table IX.

—

Resistance of sacbrood virus to fermentation in a 10
per cent sugar solution at room temperature.

''i^'

Bate of inoCTilation.
Period of

fermen-
tation.

Results of inoculation.

Sept. 9, 1915
Days.

1

2
3
4

3
5
5
7
9

13
34
51
85
87
90

244

Sacbrood produced.
Sept. 11, 1915

Do
Do.
Do.

Sept. 13, 1915.. Do.
July 14, 1915.... No disease produced.

Do.July 22, 1915....

Sept. 14, 1915.. . . . . .. Do.
Sept. 22, 1915 Do.
July 10, 1915 Do.
June 10, 1915.. Do.
July?, 19141 Do.
Aug. 27,1914 Do.

Do Do.
Do Do.
Do Do.
Do Do.

1 Theresultsrecorded for 1914 were obtained with a suspension of crushed larvse,

in various stages of decay, in sirup made from about equal parts water and sugar.

From the results of experiments recorded in Table

IX it will be noted that the virus of sacbrood was

destroyed in from three to five days in the presence

of fermentation in 10 per cent canesugar (saccharose)

at room temperature.

As the rapidity of fermentative processes varies

with the temperature present, it is natural to sup-

pose that the time required for the destruction of

the virus will vary. From experiments it is found

that at incubator temperature the time is slightly

less, and at outdoor temperature it is somewhat

greater than at room temperature,

RESISTANCE OF SACBROOD VIRUS TO FERMENTATION IN DILUTED
HONEY AT OUTDOOR TEMPERATURE.

Employing the egg test ^ as used by beekeepers in diluting honey

for the purpose of making vinegar, it is found that it requires about

> This test is applied in the following mann er : Water is added to honey until an egg placed in the mixture

10 nanrlv snhmBrirAd t.hn ciirfflpo rpmniniTip- nlinvp t.hfi liniiid beins' nnlv about as large as a 10-Cent Biece.

Fig. 33.—Test tube
bearing a cotton plug,

used in testing the ef-

fect of fermentation,

putrefaction, and dis-

infecting agents on
the virus of sacbrood.

(Original.)
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four volumes of water to one of ripened honey to obtain the strength

recommended. The honey solution by volume, therefore, is about

20 per cent honey.

A suspension of the virus of sacbrood in such a solution is dis-

tributed in test tubes placed in an empty hive body and allowed to

ferment at outdoor temperature. After periods reckoned in days

colonies are inoculated as was done in case of the sugar solutions

described above. The following results were obtained from the

experiments performed

:

Table X.

—

Resistance of sacbrood virus to fermentative processes in a 20 per cent honey
solution at outdoor temperature.

Date of inoculation. Results of inoculation.

Sept. 11, 1915
Sept. 13, 1915,

Sept. 14, 1915.

Au?. 4, 1915.,
Sept. 15, 1915,

Sept. 14, 1915,

Sept. 22, 1915.

Sept. 17, 1915
Sept. 8, 1915..

Sacbrood produced.
Do.

No disease produced.
Do.
Do.
Do.
Do.
Do.
Do.

In the presence of fermentative processes taking place in a 20 per

cent honey solution at outdoor temperature it will be observed that

the virus of sacbrood in the experiments recorded in Table X was
destroyed in six days. The outdoor temperature during these

experiments was quite warm. Had it been cooler, the time for the

destruction of the virus would have been somewhat increased. In

the making of vinegar it may be concluded that the virus of sacbrood,

should it be present in the honey used, would be destroyed in a com-
paratively short time as a result of fermentation.

RESISTANCE OF SACBROOD VIRUS TO THE PRESENCE OF PUTREFACTIVE
PROCESSES.

Larvae containing the virus of sacbrood are crushed and suspended

in water. A smaU quantity of soil is added. The suspension is

strained and distri})uted in test tubes. These are allowed to stand at

room temperature in a state of putrefaction. After periods reckoned

in days colonies free from the disease are inoculated, each with the

contents of a single tube added to sirup. From experiments of this

kind the results following have been <)f)1iiitied.



44 BULLETIN- 431, V. S. DEPARTMENT OF AGRICULTTJEE.

Table XI.

—

Resistance of sacbrood virus to putrefaction.

Date of inoculation. Results of inoculation.

Aug. 6, 1914..
Aug. 7, 1914..

Aug. 10, 1914.

July 20, 1915.
Sept. 13, 1915
Sept. 14, 1915
July 22, 1915.
Julys, 1915..
May 22, 1915.

Sept. 22, 1915,

Aug. 18, 1915.

Sept. 16, 1914.

Sept. 25, 1914.

.Tuly 1,1915..

Sacbrood produced.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

No disease produced.
Do.
Do.
Do.
Do.

From Table XI it will be noted that the virus of sacbrood was
destroyed in the experiments recorded in from 7 to 10 days. As in

the case of fermentation, so in the case of putrefaction, it is to be

expected that the time for the destruction of the virus wiU vary

appreciably with the temperature at which the putrefactive processes

take place.

RESISTANCE OF SACBROOD VIRUS TO CARBOLIC ACID.

Larvae recently dead of sacbrood are crushed and strained. This

larval mass is diluted with carbolic acid in aqueous solution. About
10 parts of carbolic acid to 1 part of the larval mass is used. This

suspension is distributed in test tubes and allowed to stand at room
temperature. Each tube contains the virus from about 15 larvae.

After periods, reckoned in days, colonies free from disease are inocu-

lated, each with the contents of a single tube added to sirup.

Carbolic acid solutions of |, 1, 2, and 4 per cent were used in mak-
ing the suspensions. The following results were obtained from the

experiments

:

Table XII.

—

Resistance of sacbrood vinis to carbolic acid.

Date of inoculation.

Sept. 3, 1914.
Sept. 18, 1914
Sept. 3, 1914

.

Sept. 17, 1914
Aug. 12, 1915
Aug. 20, 1915
May 14, 1915.
Sept. 3, 1914

.

Sept. 18, 1914
June 23, 1915.

Sept. 17, 1915
Aug. 12, 1915
Aug. 21, 1915.

June 4, 1915..

Strength
of car-

bolic acid
used.

Per cent.

Time in
suspen-

Dnys.
1

16

24
38
50
50

238
1

16
25
38
50
50

251

Results of inoculation.

Sacbrood produced.
Do.
Do.

No disease produced.
Do.
Do.
Do.

Sacbrood produced.
Do.
Do.

No disease produced.
Do.
Do.
Do.
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Table XII.

—

Resistance of sachrood virus to carbolic acid—Continued.

Date of inoculation.

Strength
of car-

bolic acid
used.

Time in
suspen-
sion.

Results of inoculation.

Sept. 3, 1914.
Sept. 18, 1914
June 23, 1915.

Sept. 17, 1915
Aug. 12, 1915
Aug. 21,1915.

June 23, 1915.

July 1,1915..

June 23, 1915

.

Aug. 12, 1915

Per cent.

2

2

2

2

2

2

Days.
1

16

25
38
42
50

Hours.
3
7

Days.

Sacbrood produced.
Do.
Do.

No disease produced.
Do.
Do.

Sacbrood produced.
Do.

No disease produced.
Do.

From the preliminary results recorded in Table XII it wiU be

observed that the virus of sacbrood shows a marked resistance to the

disinfecting power of carbohc acid. Under the conditions of the

experiments the virus resisted its action for more than three weeks

in ^, I, and 2 per cent aqueous solutions.

These results lead naturally to a consideration of the effect of

drugs on the virus of sacbrood in the treatment of the disease. On
this point complete data are yet wanting.

While the disinfecting power of a compound, as shown in experi-

ments such as those described above for carbolic acid, may indicate

something as to the value of the compound as a drug, it does not

necessarily prove its value. More definite proof is gained through

feeding colonies with the virus suspended in honey medicated with

the drug, and then contmuing to feed the inoculated colonies with

honey similarly medicated daily thereafter until the time for the

appearance of the disease.

To illustrate the nature of experiments which are being conducted

to determine the value of drugs in the treatment of sacbrood, experi-

ments with quhiine and carbohc acid are here referred to. A colony

was fed the virus of sacbrood suspended in honey and water, equal

parts, to which was addend 5 grains of the bisulphate of quinine to

one-half pint of diluted honey, and on each of the five days following

the inoculation the same colony was fed diluted honey containing no

virus, but m(Hlicat(id with quinine in the same way. On the seventii

duy following the inoculalioii with the virus there was found to be a

lurg<; quantity of sacbrood ])i(»(hic<'(l in th(i colony so inoculated and

treated.

A similar e.xp(!riincnt, in which <'.jirh(>li/(M| honey was uscil guve

lik<! n^sulls. Th('S(i <\\j)eriin(',ri1s, ull hough not, liniiishing (•onclusive

proof, do indicate Honwthing of whjit niiglit he o.\j)ecte(l fi-oin the

use of quinine or carbolic acid us a tlmg in the treatment of sacbrood.
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Technically the foregoing studies should be thought of as being

preliminary. Questions relating to virulence of the virus, resistance

of the bees, technique, and many other factors contribute to make
results such as these vary. For practical purposes, however, they

are sufficiently complete. In estimating the time necessary for the

destruction of the virus in practical apiculture by any of the fore-

going tables of results it should be emphasized that the time element

should be somewhat increased, inasmuch as the conditions present in

the experiments were more favorable for its destruction than would

ordinarily be the case in practice.

MODES OF TRANSMISSION OF SACBROOD.

The transmission of a brood disease must be thought of as taking

place (1) from diseased to healthy brood within a colony and (2) from

a diseased colony to a healthy one. The manner in which sacbrood

is spread naturally depends directly upon the modes by which the

virus of the disease is transmitted.

As is shown experimentally, the virus of sacbrood produces the.

disease when it is added directly to the food of young larvae or when
it is mixed with sirup and fed to a colony. From this fact it is fair

to assume that sacbrood may result whenever the food or water used

by the bees contains the living virus of the disease.

Bees have a tendency to remove diseased or dead larvae from the

cells. When the removal is attempted about the time of death, it

is done piecemeal. Each fragment removed from such a larva, if

fed to a young healthy larva within a week, would most likely

produce sacbrood in the larva. Within the hive, therefore, the dis-

ease may be transmitted to healthy larvae more or less directly in

this way.

Just what becomes of these bits of tissue removed from the dis-

eased larvae, however, is not known. If it were the rule that the

tissues of the dead larva after being removed in fragments were fed

unaltered to the young healthy larv^ within two weeks after its

removal, it would seem that the disease would increase rapidly in

the colony as a result. Such an increase, however, is unusual, the

tendency in a colony being in most cases toward a recovery from

the disease.

This fact leads one to think of other possibilities regarding the

destiny of the infected tissues removed as fragments from the dis-

eased larvae. If the infective material were fed to the older larvae,

death probably would not result. Should it be used by adult bees as

food for themselves, the likelihood of the transmission of the dis-

ease under such circumstances would apparently be very materially

reduced. If the infective material were stored with the honey and
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did not reach the brood within a month or six weeks, it is not prob-

able that the disease would be transmitted under such circumstances

(p. 41). Should the dead larvae or any fragments of them be car-

ried out of the hive, the virus would have to be returned to the

hive, as a matter of course, before further infection of the brood

could take place from such infective material.

It is left to be considered in what way the infective material if

removed from the hive might be returned to the brood and infect

it. Should any material containing the vh'us reach the water sup-

ply of the bees, or the flowers visited by the bees, it is within the

range of possibUity that some of the living virus might be returned

to the hive and reach healthy young larvae.

While out of the hive, however, the virus must withstand certain

destructive agencies in nature. Under more or less favorable cir-

cumstances it would withstand drying alone for a few weeks (p. 37),

but if exposed to the sun it might be destroyed in a few hours, (p 38).

If the virus were subjected to fermentation it might be destroyed

within a week (p 43), and if subjected to putrefaction, within two

weeks (p. 44).

The experimental evidence indicates that the virus, once out of

the hive and freed from the adult bees removing it, during the

warmer seasons of the year, at least, has but little chance of being

returned to the hive and producing any noticeable infection. In the

experimental apiary (PL III) a large number of colonies have been

heavily infected with sacbrood through experimental inoculation,

and no infection was observed to have resulted in the uninoculated

colonies. If throughout the main brood-rearmg season the usual

source of infection were the flowers or the water supply, a quite

different result would be expected.

Tentatively it may be concluded, therefore, that the probability of

the transmission of the virus of sacbrood by way of flowers visited

by bees, practically considered, is quite remote, being, however, to

a limited extent theoretically possible.

It would seem that there is a greater likelihood of the water supply

beuig a source of infection than flowers. The chances for infection

from this source, should it occur at all, would be greater in the

spring, as ut such a time the quantity of infective material in dis-

ea.sed colonies is greater, increasing tlie chances that some of it

might bo carried to the water supply and contaminate it, and fur-

thermore, the destructive agencies in nature are at this time less

(;fricient.

Bees drifthig or straying from infected colonitis to healthy ones

must be thought of as pcwsibic; triUismitt(U's of tlie disease;. Tluit

the disease is not spread to any great extent in this way is evidenced
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by the fact that colonies m the apiary that were not inoculated

experimentally remained free from disease, although many colonies

in the apiary were heavily infected at the time.

Sacbrood has a tendency to weaken a colony in which it is present.

Frequently this weakness is noticeable and often marked. Rob-
bing, which occurs not infrequently at such a time, results in the

transmission of the virus, to some extent at least, directly to healthy

colonies. Robbing, therefore, must always be considered as a prob-

able means of transmission.

The modes of transmission of sacbrood within the colony and from

colony to colony, as will be seen, are not by any means completely

determined. In what way the sacbrood virus is carried over from

one brood-rearing season to another is one of the many problems con-

cerning this disease that are yet to be solved. The foregoing facts,

accompanied by the brief discussions, it is hoped, will - throw some
light upon this important phase of the study—the transmission of

this disease—and will serve as an aid to later researches.

DIAGNOSIS OF SACBROOD.

The diagnosis of sacbrood can be made from the symptoms already

described (p. 10). The colony may or may not be noticeably weak-
ened. The adult bees are normal in appearance. Scattered here and
there on the brood frame among the healthy brood are found dead

larvae in the late larval stage. Usually there are only a few of them,

yet sometimes there are many. These larvae may be in capped or

uncapped cells. When found in uncapped cells, however, the cap-

pings had already been removed by the bees after the death of the

larvae. The cap over a dead larva in a cell may be found punctured

or not. The brood possesses no abnormal odor, or practically none.

The post-mortem appearances of larvae dead of the disease are espe-

cially valuable in making the diagnosis. The larva is found extended

lengthwise in the cell and on its dorsal side. Throughout the period

of decay it will be found to maintain much of the form and markings

of a healthy larva of the age at which it died. Soon after death the

larval remains are slightly yellow. After a period they assume a

brownish tint. Since the brown color deepens as the process of decay

and drying takes place, the remains may be found having any one of

a number of shades of brov/n. They may appear at times almost

black.

After death the cuticular portion of the body wall becomes tough-

ened, permitting the easy removal of the larva intact from the cell.

When removed, the saclike appearance of the remains becomes easily

apparent. Upon ruptm'ing the cuticular sac the contents are found
to be a brownish, granular-appearing mass suspended in a compara-
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lively small quantity of more or less clear liquid. The scales formed

by the drying of the decaying remains are easily removed from the

cells. After becoming quite dry many of them indeed can be shaken

from the brood comb.

Upon crushing larvaewhich have been found dead for some time but

not yet diy, a marked unpleasant odor will be noticed if the crushed

mass is held near the nostrils.

Microscopically no microorganisms are to be found in the decay-

ing remains of the larvae. Cultures made from them are also neg-

ative.

Differential diagnosis.—Sacbrood must be differentiated from the

other brood diseases.

American foulbrood may be recognized by the peculiar odor of the

brood combs when the odor is present. The body wall of the larval

and pupal remains is easily ruptured, and the decaying mass becomes
viscid, giving the appearance popularly referred to as "ropiness."

The scale adheres quite firmly to the floor of the cell. The presence

of BaciUus larvse in the brood dead of the disease is a positive means
by which it may be differentiated from sacbrood.

European foulbrood may be recognized by the fact that the larvae

as a rule die while coiled in the cell and before an endwise position is

assumed. In the majority of instances, therefore, death takes place

before the cells are capped. The saolike appearance characterizing

the dead larvae in sacbrood is absent. The granular consistency of

the decaying mass is absent also. Microscopically, a large number of

bacteria are found in larvae dead of European foulbrood, but are

absent in larvae dead of sacbrood. The presence of BaciUus platan

is a positive means by which European foulbrood may be recognized.

BaciUus alvei and other species may also be present.

Sacbrood must also be differentiated from other conditions re-

ferred to as chilled brood, overheated brood, and starved brood,

which occasionally are encountered. This can be done by a compar-

ison of the symptoms presented by these different conditions with the

symptoms of sacbrood, and the history of the cases. Some of the

larvae dead from these conditions will be found to have died while

yo.t coiled in the c(ill. This fact suggests some condition other than

sacbrood. When dying later, the saclike remains characterizing sac-

}>rof)(] iiTc not present in conditions other than sacbrood.

PROGNOSIS.

The tendency in a colony afi"(H't<ul witli sacbrood is to recover from

\\\o. (lis(ias<i. (/oloiiies vvliich cliii-ing (he spritig niontlis show the |)r<is-

ciicd of moid or loss disease, hy iriidsuminer or (uirH(U' may, and ve.i-y
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frequently do, contain no diseased brood. Experimentally it is pos-

sible to destroy a colony by feeding it repeatedly the virus of sac-

brood, and beekeepers report that the disease sometimes destroys

colonies in their apiaries. The percentage of colonies, however, that

actually die out as a direct result of the disease is small. The weak-
ening of the colony in the spring of the year not only reduces or entirely

eliminates the profits on it for the season, but may also cause it to

be in a weakened condition on the approach of winter.

Whether a larva once infected ever recovers from the disease is not

known. Reasoning from what is known of the diseases of other ani-

mals and man, one would expect that a larva may recover from sac-

brood infection. It is known that many larvae, both worker and
drone, do die. From the information thus far obtained it does not

appear that a queenless colony would be likely to remain so as a con-

sequence of the .disease.

As to the prognosis of the disease in a colony it may be said, there-

fore, that it is very favorable for the continued existence of the colony.

As to the economic losses to be expected from the disease, the present

studies suggest that they may vary from losses that are so light as not

to be detected upon examination to losses that may equal the entire

profits of the colony for the year. Indeed, at times the death of the

colony takes place as a result of the disease.

RELATION OF THESE STUDIES TO THE TREATMENT OF SACBROOD.

An earlier paper (White, 190S) contains a brief general discussion

of the relation existing between the cause of bee diseases and the

treatment of them. The general remarks made in it apply also, to

sacbrood. No doubt the beekeeper in studying the results given

here has already observed relations existing between them and points

which should be incorporated in methods for treatment. Mention-

ing a few of them here may serve to suggest still others.

That the weakness resulting in a sacbrood colony is due to the

death of worker larvae; that adult bees are not susceptible to the

disease; that queenlessness is rarely to be expected as a sequence

of the disease; that the disease may be produced with ease at any
time of the year that brood is being reared; that it occurs at all

seasons, but is more frequently encountered in the spring; that it

is foimd in locahties differing widely as to food and climatic con-

ditions; and that no complete racial {immunity to the disease has

yet been found are facts concerning the predisposing causes of sac-

brood which beekeepers will at once recognize as bearing a close rela-

tion to the methods by which the disease should be treated.

As sacbrood can not occur in the absence of its exciting cause

(a filterable virus), a knowledge of this cause is of special importance

in the treatment of the disease.
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That sacbrood is very frequently encountered; that it is infectious,

but that it is more benign m character than maUgnant; that it does

not spread rapidly from one colony to another; that colonies manifest

a strong tendency toward seK-recovery from the disease; that this

tendency is stronger after midsmnmer ; that the diseasemay so weaken

a colony during the early brood-rearing season that the profits from

it may be much reduced, or even rendered nil; and that the disease

may mdeed destroy the colony are facts which must be considered in

devising logical methods for its treatment.

That the virus of sacbrood remains virulent in larvae dead of the

disease for less than one month; that it remains virulent in honey

approximately one month ; that when mixed with poUen it ceases to be

virulent after about one month; and that in drying no virulence is to

be expected after one month, are facts that account in a large measure

for the strong tendency to recover from the disease manifested by
the colony and that furnish information concerning the use of combs
from sacbrood colonies. From the results it may be concluded that

it is better, theoretically, to store combs from sacbrood colonies for

one or two months before they are again used, provided such storing

entails no particular inconvenience or financial loss to the beekeeper.

Further experiments show that brood frames from badly-infected

colonies may be inserted into strong, healthy ones, and cause thereby

very httle mfection and consequently only a slight loss. This is

especially true after the early brood-rearing season of the year is

past. Since this can be done, it is quite probable that the practical

beekeeper will find that this disposition of the combs will be the

preferable one to make. At any event, it is comfortmg to know that

it is never necessary to destroy the combs from sacbrood colonies on

account of the disease.

The experimental results here given regarding the destruction of

the virus through heating, fermentation, putrefaction, drying, and
direct sunlight should assist materially in the solution of the problem

of the transmission of sacbrood, and should be foimd helpful in de-

vising efficient methods for the treatment of the disease.

Toward disinfecting agents it is sho^vn that the vims of sacbrood

possesses, in some instances at least, marked resistance. These and
other experimental results thus far obtained indicate that the use

of any dnig in the treatment of the disease should not bo depended

upon until such a dnig has })een proved to be of value.

No fear need be entertained in practical apiculture that the disease

willbetransmittcdby thchands or clothing of the operator, by the tools

usf'd about tfic apiary, through th(5 medium of the wind, or by the

queen, it would seem at all times superfluous in the case of sacbrood

to flame or })urn the inside of th(? hive or to treat the ground about a

hive? containing an itifcctcd colojiy.
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There is but little danger that the disease will be transmitted by
way of flowers visited by bees from sacbrood colonies and later from

healthy ones.

Theoretically, it is possible that the disease may be transmitted

through a contamination of the water supply by bees from sacbrood

colonies. Whether infection ever takes place in this way, however,

is not yet known. If the disease is ever transmitted in this way, it

would seem that it is more likely to take place in the spring of the

year than at any other season.

While there is yet much to be learned about sacbrood, it is hoped

that by carefully considermg these studies the beekeepers will be

aided in devising efficient and economical methods for its treatment.

SUMMARY AND CONCLUSIONS.

The following summary and statements of conclusions seem to be

justified as a result of the investigations recorded in this paper:

(1) Sacbrood is an infectious disease of the brood of bees.

(2) Adult bees are not susceptible to the disease.

(3) The infecting agent causing sacbrood is of such a nature that

it passes through the pores of a fine clay filter. It is therefore a

filterable virus.

(4) A colony may be inoculated by feeding it sirup or honey con-

taining the virus.

(5) The quantity of virus contained in a single larva recently dead

of the disease is sufficient to produce quite a large amount of sacbrood

in a colony.

(6) The period from time of inoculation to the appearance of the

first symptoms of the disease—the incubation period—is approxi-

mately six days, being frequently slightly less.

(7) By inoculation the disease may be produced at any season of

the year that brood is being reared.

(8) The disease is more often encountered during the first half of

the brood-rearing season than during the second half.

(9) It occurs among bees in locahties having as wide a range of

climatic conditions, at least, as are found in the United States.

(10) The course of the disease is not greatly affected by the char-

acter or quantity of the food obtained and used by the bees.

(11) Larval remains recently dead of the disease prove to be very

infectious when fed to bees. Dead larvse which have been in the brood
comb more than one month are apparently noninfectious.

(12) Colonies possess a strong tendency to recover from the disease

without treatment.

(13) The virus of sacbrood suspended in water and heated to

138° F. (59° C.) was destroyed in 10 minutes. Considering the vary-

ing factors which enter into the problem, the minimum temperature

necessary to destroy this virus when applied for 10 minutes should.



SACBEOOD. 53

be found at all times to lie somewhere between the limits of 131° F.

(55° C.) and 149° F. (65° C).

(14) When the virus of sacbrood is suspended in honey it may be

destroyed by heating the suspension for 10 minutes at approximately

158° F. (70° C).

(15) The virus resisted drying at room temperature for approxi-

mately three weeks.

(16) The virus when diy was destroyed by the direct rays of the

sun in from four to seven hours.

(17) The virus when suspended in water was destroyed by the direct

rays of the sun in from four to six hours.

(18) The virus when suspended in honey was destroyed by the

du'ect rays of the sun in from five to six hours.

(19) The virus when suspended in honey and shielded from direct

sunlight remained virulent for slightly less than one month at room
temperature during the summer.

(20) The virus was destroyed in approximately five days in the

presence of fermentative processes taking place in 10 per cent sugar

solution at room temperature.

(21) In the presence of fermentative processes going on in 20 per

cent honey solution at outdoor temperature the virus of sacbrood was
destroyed in approximately five days.

(22) In the presence of putrefactive processes the virus remained

virulent for approximately 10 days.

(23) The vii'us will resist ^ per cent, 1 per cent, and 2 per cent

aqueous solutions of carbohc acid, respectively, for more than three

weeks, 4 per cent being more effective.

(24) Neither carbohc acid nor quinine as drugs should at present

be relied upon in the treatment of sacbrood.

(25) Varying factors entering into many of the problems discussed

in this paper tend to vary the results obtained. In such problems

the results here given must be considered from a technical point of

view as being approximate only. They are sufficiently exact for

apphcation by the beekeeper, but to insure the destruction of the

virus in praf;tic;al apiculture the time element indicated from these

oxp<ij'iments as suflBicient should bo increased somewhat.
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INTRODUCTION.

The leaf-miner Cerodonta dorsalis Loew, although known since

1801, has not received much attention from economic entomologists,

probably for the reason that to the present time, so far as known, it

has not proved a serious pest, owing to the activity of its parasites

and to its wide range of food plants. Although known in entomo-

logical literature as " a com leaf-miner," it has been observed lately

that the larvaj work as readily in barley, millet, wheat, and various

grasses; in fact, in the rearing cages as well as in the field the leaf-

miners prefer barley and millet to corn. Wheat and oats may also

V)e included in the list of food plants, and young barley and oats

infested with this species may die from the injury. Oats and barley

plants infested with Cerodonta dorHalis present a similar appearance

to those infested with Meromyza (vraericana Fitch or other species of

Oscinida3, and it is possible that injury formerly attril)uted to the

work of Meromyza was in reality the work of O. dorHoliH.

\

' Cerodonta domnliH Loew; order Dlpfern, family Agromyzldae.

58328"—Hull. 432— 1« 1



2 BULLETIjST 432, U. S. DEPAETMENT OE AGEICULTURE.

SYNONYMY.

This species was first described by Panzer (1)^ as Chlorops denti-

comis^ it being wrongly placed in the genus Chlorops, and in the

year 1835 was referred to the genus Odontocera by Macquart (2). In
the year 1861 Eondani changed the generic name from Odontocera,

which was preoccupied, to Cerodonta (3) (in error published " Cero-

dontha"). The generic name Ceratomyza was used for this leaf-

miner by Schiner (4, p. 434) in 1862, this being a synonym for Cero-

dontha Eondani.

HISTORY OF THE SPECIES.

So far as could be ascertained from reference to specimens in the

National Museum collections, and Bureau of Entomology notes, this

leaf-miner was reared, by F. M. Webster, in September, 1884, for the

first time in this country, from volunteer wheat plants that sprang

up after harvest and near which adults had been captured earlier in

the same month. It was also swept with other wheat flies from fields

of growing wheat, during the period from November 13 to 15, 1884.

The species was reared by Webster from mines in the leaf sheaths

of young wheat, July 30, 1888; and on August 24, and again on

Octt)ber 12 of the same year, he reared adults from larvae found

mining the leaves of timothy. From wheat plants taken by him
July 7, 1890, at La Fayette, Ind., and shipped to the Bureau of Ento-

mology, adults were also reared by Mr, Theodore Pergande. On Feb-

ruary 24 to 28, 1891, Webster swept it from a field of growing wheat

at College Station, Tex. During the season of 1894 Dr. W. E. Brit-

ton (5), of the Connecticut Agricultural Experiment Station, reared

the species from mines in the leaves of corn which was being grown
under glass for vegetation experiments. During December, 1897, at

Wooster, Ohio, the adults were again reared by Webster from young

wheat plants. Dr. A. D. Hopkins (7) reared the fly from timothy

at Morgantown, W. Va., in 1898, the larvae doing considerable damage

to this grass.

On June 26, 1905, Webster reared this species from bluegrass grow-

ing along the street parking in Aurora, 111. Flies were reared from

wheat plants collected at Lincoln, Nebr., December 9, 1904, by Geo. I.

Eeeves, and he swept them from young wheat at Wichita Falls, Tex.,

April 16, 1905. Wildermuth reared it from wheat at Groveport,

Ohio, during the summer of 1909. It was sent by W. V. Eeed, April

2, 1909, from Cornelia, Ga., where the larvae were observed attack-

ing growing rye. During 1910, adults were swept in June and

July from alfalfa in fields on the college farm at Pullman, Wash., by

J. A. Hyslop. In 1911 it was reared, June 9, from a pupa found in a

1 Numbers in parentheses refer to "Bibliography," p. 17.
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stem of wheat, June 1, at Nashville, Tenn., by Geo. G. Ainslie, and
was reared by him the same year from mines in leaves of corn at

Hurricane, Tenn. During the period from July 23 to September 7,

C. N. Ainslie reared it from leaf mines in timothy collected along the

banks of ditches about Ely, Nev., September 1, and also from mines

in the leaves of Hordeum at Salt Lake City, Utah, during the follow-

ing September, and again from the same material early in March,
3 912.

During 1911 the senior author reared it from leaves of Panicum
Tniliaceum at La Fayette, Ind., and followed the species o nthe same
plant from June 4: to July 29, 1912, when he was transferred elsewhere,

after which the work was continued throughout the remainder of the

season by W. J. Pliillips. This was the first attempt made to sixxdij the

development of the species continuously throughout the year. Dur-
ing June, 1913, G. G. Ainslie found a number of mines in the leaves of

com at Xashville, Tenn. All the mines were empty save one, which
contained a hymenopterous parasite of this species. On July 7, at

the same place, he found a larva mining in crab grass {Eleusine

indica), which pupated on the same day and became adult on July 17.

During 1913 Y. L. "Wildermuth and R. N. Wilson made some observa-

tions On the life history of this species (March to November) at

Tempe, Ariz. The senior author again continued his study on the

life history of the species at Columbia, S. C, in 1913, from May 4,

when larvae were first found mining in the leaves of corn in the

field, until June, when experiments were discontinued for the year,

owing to imperfect facilities for continuing the work at that time.

In May, 1914, he again took up the investigation and continued the

work throughout the remainder of the year.

During February, 1914, the junior author began an investigation of

this species in the San Fernando Valley of California, where it was
attacking grains. Observations were later extended to the Yuma
Yalley, in Arizona, and San Joaquin Yalley, in central California.

Observ^ations on the life history of the species were made in the

laboratory at Glendale, Cal., from February to June, and at Pasa-

dena, Cal., from July to April, 1915. Adults and parasites of this

species were again reared during March and April, 1914, from mines

ill leaves of corn at Lakeland and Orlando, Fla., l)y G. G. Ainslie.

SiK-h mines were very common in leaves of com during this time.

FOOD PLANTS.

This species breeds in a large vaiiety of food plants belonging to

the order (iraminacete. Although it appears to be most fre(iuently

found breeding in leaves of com and barley, it shows a decided fond-

ness fr)r th(! glasses, esf)ecially the millets {Panicum spp.), in which
it has been found to breed very freely.
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In the breeding cages at La Fayette, Ind., the variety known as

hog-millet was used by the senior author as a host, and at Columbia,

S. C, the variety known as golden millet was used exclusively dur-

ing the hot summer months, corn in early summer, and oats and rye

during late summer and fall.

At Tempe, Ariz., Wildermuth and Wilson used wheat as the

host plant in their life-history studies, while at Glendale and Pasa-

dena, Cal., the junior author used barley plants in the life-history

studies of the species.

The following is a list of food plants from which adults of Cero-

donta dorsalis have been collected or reared, showing locality, date,

and by whom recorded

:

Alfalfa :

Pullman, Wash., June 9, 1910. (J. A. Hyslop.)

Barley :

Salt Lake City, Utah, 1911-12. (C. N. Ainslie.)

Tempe, Ariz., June 21, 1913. (R. N. Wilson.)

Glendale, Cal., February to May, 1914. (T. D. Urbahns.)

Pasadena, Cal.,,August, 1914, to April, 1915. (T. D. Urbahns.)

Tulare, Cal., May 15, 1914. (T. D. Urbahns.)

San Bernardino, Cal., May 27, 1914. (T. D. Urbahns.)

Santa Ana, Cal., April 10, 1915. (T. D. Urbahns.)

Heber, Cal., April 15, 1915. (T. D. Urbahns.)

Yuma, Ariz., April 16, 1915. (T. D. Urbahns.)

Bakersfield, Cal., May 22, 1915. (T. D. Urbahns.)

CoEN

:

Urbana, 111., 1915. (S.A.Forbes.)

Hurricane Mills, Tenn., September, 1911. (G. G. Ainslie.)

La Fayette, Ind., 1912. (P. Luginbill.)

Columbia, S. C, 1913 and 1914. (P. LuginbilL)

Nashville, Tenn., June 10, 1913. (G. G. Ainslie.)

Lakeland and Orlando, Fla., 1914. (G. G. Ainslie.)

Glendale, Cal., May 5, 1914. (T. D. Urbahns.)

Yazoo City, Miss., May 17, 1914. (H. E. Smith.)

Greenwood, Miss., May to August, 1914. (H. E. Smith.)

Jackson, Miss., May 15, 1914. (H. E. Smith.)

Egyptian maize :

Glendale, Cal., June 23, 1914. (T. D. Urbahns.)

Geasses :

Bluegrass {Poa sp.), Aurora, 111., June 26, 1905. (F. M. Webster.)

Hordeum sp.

—

Salt Lake City, Utah, 1911, and March, 1912. (C. N. Ainslie.)

Tempe, Ariz., June 21, 1913. (R. N. Wilson.)

Eleusine indica—
La Fayette, Ind., 1912. (P. Luginbill.)

Nashville, Tenn., July 7, 1913. (G. G. Ainslie.)

Columbia, S. C, August, 1914. (P. Luginbill.)

Hordeum murinum—
Glendale, Cal., April 13, 1914. (T. D. Urbahns.)

Elymus glaucus—
Glendale, Cal., May 3, 1914. (T. D. Urbahns.)
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The Spike-Horned Leaf-Miner (Cerodonta dorsalis).
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Gkasses—Continued.

Bromus carinatus—
Glendtile, Cal., May 3, 1914. (T. D. Urbahns.)

Phalaris minor—
Glendale, Cal., June 9, 1914. (T. D. Urbahns.)

Paniciim dichotomiflortim—
Owensboro, Ky., September 22, 1913. (G. G. Ainslie.)

Panicum miliaceiim—
La Fayette, Ind., 1911; June 4-July 29, 1912 (P. Luginbill).

Dactylis glomerata—
La Fayette, Ind., July 23, 1913. (P. Luginbill.)

Millet (Panicum sp.) :

La Fayette, Ind., 1911-12. (P. Luginbill.)

Columbia, S. C, 1914. (P. Luginbill.)

Oats :

Glendale, Cal., May 3, 1914. (T. D. Urbahns.)

Pasadena, Cal., August, 1914. (K. L. Barrett.) -

Columbia, S. C, October, 1914. (P. Luginbill.)

llYE

:

Cornelia, Ga., April 2, 1909. (W. Y. Reed.)

Columbia, S. C. October, 1914. (P. Luginbill.)

Sorghum :

Columbia, S. C, August, 1914r-15. (P. Luginbill.)

Timothy :

La Fayette, Ind., August 14, 1888. (F. M. Webster.)

West Virginia, 1898. (A. D. Hopkins.)

Ely, Nev., September 1, 1911. (C. N. Ainslie.)

La Fayette, Ind., July 12, 1912. (P. Luginbill.)

Wheat :

La Fayette, Ind., November, 1884; July, 1888; and July, 1890. (F. M.
Webster.

)

Oxford, Ind., Sepuvuber 5, 1884. (F. M. Webster.)

Lincoln, Nebr., December 8, 1904. (G. I. Reeves.)

Wichita Falls, Tex., April 16, 1905. (G. I. Reeves.)

Groveport, Ohio, date unknown. (V. L. Wildermuth.)

Nashville, Tenn., June 9, 1911. (G. G. Ainslie.)

Tempe, Ariz., March to June, 1913. (Wildermuth and Wil.son.)

Elk Point, S. Dak., July 8, 1913. (C. N. Ain.slie.)

Visalia, Cal., May 15, 1914. (T. D. Urbahns.)

Tulare, Cal., May 16, 1914. (T. D. Urbahns.)

DESCRIPTION.

THE ADULT.

Cerodonta doTHal'iH (PL I, ii<^. 1) was redescribod by Mr. J. E.

Malloch (14, p. 331), then assistant in the Bureau of Entomology.

The de.scription is as follows:

.Male anil feniulf: Fnjiis yellow. opuciuC: in bi-ejidtli about onu-hall" (hat of

liead ; orbits Hometime.s blackened, very narrow, on upper half each not over

one-«ixth as wide as cent«;r stripe; throe disllnct orbital bristles present, '.ind on

lower portions a few short hairs; pr<»clliiut(; ocellar bristles j)anillel, or sllglitly

div«Tgetit, s«'i»aratcd at l)ase by as whle a space as lujstin'ior ocelli ; antcmiu!

yellow, third Joint black, one and one-half times as long as broad ending In a
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thorn-like point on upper side; arista black, distinctly thickened at base and
tapering to near its middle, pubescence indistinguishable, length of arista short

of twice the length of antennae; face yellow, slightly concave, central keel

rounded ; cheeks yellow, higher posteriorly than anteriorly, and at highest point

about one-half as high as eye, marginal bristles distinct ; vibrissa strong, dif-

ferentiated from marginal bristles ; proboscis and palpi yellow ; occiput unpro-

jecting on upper half. Mesonotum with disk entirely glossy black, with some-

times an indication of grayish pollen, or with the central portion in front of

scutellum yellow, more rarely with two narrow black stripes on sides, and the

central yellow portion carried forward at its anterior margin, slightly beyond
middle, as narrow lines which more or less distinctly intersect the broad discal

black mark, giving the disk the appearance of having five stripes, or a pattern

somewhat similar to that of Agromyza melampyga; lateral margins of mesono-

tum broadly yellow ; humeri with a black spot ; four pairs of dorso-central

bristles on mesonotum ; no setulse on disk
; pleurae yellow with black variega-

tions; squamge yellow, the fringe brownish or grayish; scutellum all black or

with the disk yellow, two scutellar bristles present. Abdomen from almost

entirely yellow to almost entirely black, posterior margins of segments narrowly

yellow. Legs slender, yellow, sometimes with fore tibiae and tarsi blackened,

all tarsi brownish. Wings as figure.

Length 2-2.5 mm.

The stages of this species are as follows :
^

THE EGG.

(PI. I, fig. 2, a.)

Egg elongate kidney-shaped, rounded at each end. Color opaque white, with-

out distinct punctation, markings, or ornamentation of any kind. Two or three

days after deposition the embryo, as seen through the chorion, shows 14

segments.

Length 0.40 mm ; diameter 0.18 mm.

THE LARVA.

(PI. I, flg. 3, and PI. II, figs. 1 and 2.)

Length 4 mm
;

greatest diameter 0.75 mm. Slender, nearly cylindrical,

slightly thicker near cephalic end, which is obtusely pointed. Mouth-hooks

black and exposed to view when at rest. Body segments plainly defined, armed
at either end near sutures with slender areas of microscopic spinous processes.

Anal extremity abruptly truncate and bearing the spiracular appendages close

to the dorsal line. Anterior stigmatal projections plainly visible and formed

as in figui'e 3, a. Color of body in life dirty white, the surface of the skia

having a distinct gloss, as shown in figures 7 and 8 ; after death and preserved

in alcohol, opaque, nearly white.

THE PUPA.

(PI. I, flg. 4.)

Pupa somewhat elongate, flattened dorso-ventrally. White when freshlj^

formed, turning yellow and growing darker as pupa advances in development.

Cephalic end obtusely conical
;
posterior end more rounded. Segrnents strongly

constricted at sutures. Stigmatal processes, both anterior and posterior, dis-

tinctly projecting. Length 2.5 to 3 mm. ; lateral diameter about 1 mm. ; dorso-

ventral diameter 0.60 mm. to 0.70 mm.

1 The descriptions were written by W. R. Walton.
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DISTRIBUTION.

This species has a wide range of distribution within the United

States (fig. 1). It is known to occur from Indiana and Ohio in the

North to southern Florida in the South, and from Massachusetts in

the East to Washington, California, and New Mexico in the West.

It is probably to be found wherever its food plants thrive. Outside

of the United States it has been collected from Porto Rico and
Mexico.

The following localities and other data have been compiled from
pinned specimens of this species in the United States National Mu-
seum collection: Beverly, Mass., August, 1911 (Burgess) ; Las Vegas,

\

Fi';. 1.—Map showing records of distribution of the spike-horned leaf-miner (Cerodonta
dorsalis) In the United States. (Original.)

X. Mex. (H. S. Barber) ; Ames, Iowa, June, 1877; Orizaba, N. Mex.,

January (H. Osborn) ; Colorado; High Island, Md., May, 1898

(Currie) ; New York, July, 1898; Arroyo, Porto Rico, February,

1899 (Busck) ; District of Columbia; Claremont, Cal. (Baker);

Biscayne, Fla. (A. Slossoii).

INJURY TO PLANTS BY ADULTS PUNCTURING THE LEAVES.

The punctures made by the females of this species in leaves of

plants on which they feed and oviposit (PI. II, fig. 3) resemble very

closely those made by females of Ar/roTnysa jxirvicorniH Locw, with

the exception that they are frorpiently somewhat longer and a trifle

narrower. Some of the punctures are twice as long as others. The
punctures are not made solely as receptacles in which to deposit

eggs, but apparently i>iim!iiily ms a means of ac(juiring access to the
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sap of the leaves upon which the adults subsist. Only a very small

proportion of the punctures are utilized as receptacles for eggs,

which fact would indicate that they are made for feeding purposes
rather than for oviposition.

As a general rule, the punctures are made from the upper side,

in the tenderest portions of the leaves of recent growth. Sometimes,
however, punctures may be found even in the upper part of the

tender stems, especially in the case of young plants.

The female adult of this species apparently first scars the leaf

surface with her ovipositor. Then, as the sap begins to escape from
this wound, the insect proceeds to feed and, with a rasping move-
ment of the mouth parts, digs little furrows between the leaf veins.

These feeding punctures are mostly in the form of furrows from
1 to 3 mm. in length and 0.5 mm. wide. Seven adults placed upon
young barley plants covered by a lamp chimney made 918 feeding

punctures in five days. All of these were on the upper surface of

the leaves. Another newly emerged female made 133 feeding

|)unctures on the upper leaf surfaces in a period of seven days.

When leaves of yovmg plants are extensively punctured they pres-

ently begin to assume a pale yellow, sickly appearance, first at the

tips, but gradually extending down toward the base to the stem,

and finally they curl up and wither away. When more than one leaf

or if a majority of the leaves of the same plant are injured to this

degree by the punctures, the whole plant may die from the injury or

produce an inferior, worthless plant.'

Older plants, as a rule, do not suffer from damage caused by
females puncturing the leaves, as they have considerably more leaf

surface and sufficient vitality to withstand the injury.

INJURY TO PLANTS BY MINING HABITS OF LARV^.

This species has been found to be most destructive in the larval

stage, mining in the leaves and sometimes in the stems of young
tender plants having only a limited area of leaf surface. Mines

started in the leaves of such young plants are often continued down
into the heart after reaching the base of the leaf to a point near or

slightly below the surface of the ground before the larvae reach ma-
turity and their ravages cease. The leaves arising from the bud hav-

ing been severed, they dry up, and the whole plant presents an

appearance as though infested with the wheat bulb-worm {Meromyza
americana Fitch) or some species of the genus Oscinis.

Young tender oat plants about 3 inches tall, having from three to

four leaves, were found by the senior author to be injured in this

manner in a small patch of oats at Columbia, S. C, in the fall of 1914.

The larvae of C. dorsalis have been observed by the junior author

causing much injury to small barley plants in the fields in several
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localities of southern California. The larva, hatching from an egg

deposited near the tip of the leaf blade, begins burrowing between the

upper and lower epidermal layers of the leaf.

During its first day in that stage it makes a burrow from 5 to 17

mm. in length, directed toward the base of the leaf. After two or

three days of burrowing it frequently pursues a zigzag course within

the leaf, thereby cutting off the sap supply. In the course of about

four days the length of the burrow may reach from 4 to 6 inches.

The larvae soon enter the leaf sheath and in small tender plants

burrow into the center of the stem, killing that particular stool or the

entire plant.

Up to the present time this species has never been recorded as a

serious pest of agTicultural crops. The most severely infested field

observed by the junior author was one of barley at Yuma, Ariz., on

April 16, 1915, in which about 5 per cent of the plants had one or

more of the leaves mined by larvae of Cerodonta.

At Tulare, Cal., both wheat and barley fields showed that about 2

per cent of the plants were infested by this species on May 16, 1914.

In older plants, with more leaf surface and less tender stems, the

larvse, after reaching the base of the leaf, will not enter the stems, but

proceed down the sheath. The hearts of such plants are not injured,

and consequently the damage inflicted is very small in comparison

with that upon young tender plants. However, if a plant has a num-
ber of larvae mining in the leaves, considerable injury may be done.

The mines traversing the leaves from tip to base (PI. II, fig. 4), from
one side to the other, have a tendency to interfere with the sap flow

of the leaves, which eventually turn yellow and die. In long leaves,

such as those of older corn plants, the mines in the leaves frequently

reach from 15 to 20 inches in length before the larva is fully de-

veloped.

LIFE HISTORY.

OVIPOSITION.

The act of oviposition has been observed upon the leaves of millet

by the senior author at Columbia, S. C. ; upon wheat by Wildermuth,
at Tempe, Ariz.; and upon barley by the junior author at Glendale,

Cal. The general method of oviposition is very similar on these three

different food plants.

The female fly selects a suitable place for oviposition, usually near
the tip of the leaf or along the edge. With head elevated and tip of

abdomen lowered, the body is held almo^it perpendicular to the leaf

surface, ant] by rapid piercing movements of the abdomen the epi-

dermal leaf tissue is punctured. The ovipositor is then forced by
repeated thrusts to its full length between the upper and lower layers

of the leaf, the egg qiiirkly deposited, and the ovipositor withdrawn

r)032.'{ "- I', 1 1 1 1 . 132—1 2
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to its normal position. The time occupied in oviposition varies from
10 seconds to 1 minute. The entrance to the puncture appears to be

left open, although frequently the epidermal tissue about the punc-

ture collapses, partly closing it.

Only one egg is deposited in a puncture, but the fly repeats the

process of oviposition a number of times in a given day. Frequently

she oviposits into what are apparently small feeding punctures.

The eggs of this species are not as easily detected by the naked

eye as are those of AgroTnyza 'parvicornis in corn, and A. angulata

Loew in timothy. They are more of a pale white than the eggs of

either of the other species and, consequently, are not so conspicuous

against the background.

The flies feed and oviposit during all hours of the day. The ma-
jority of the eggs, however, are deposited between the hours of 11

a. m. and 4 p. m. during the time the adults are most active.

Eggs may be deposited either from the upper or lower side of the

leaves, but the majority of them are deposited from the upper side.

They are placed with the longer axis of the egg parallel to the veins

of the leaves, as are the eggs of Agroinyza angulata and A. 'parvi-

cornis. (PL I, fig. 2, shows an egg in situ in leaf.)

In the rearing cages eggs are deposited at or near the tips of the

leaves, along the margins, near or at the base, in the sheaths, and

sometimes in the upper part of the tender stems, especially in young
plants. In nature the eggs apparently are deposited at or near the

tips of leaves or along the margins of the lower leaves, as mines in-

variably are found to start from one of these points.

EGGS DEPOSITED BY ONE INDIVIDUAL.

The females of this species, if they have been fertilized, begin to

oviposit in from one to six days after emerging from puparia ; if

unfertilized, they do not usually oviposit.

The laboratory observations of the senior author, made at Co-

lumbia, S. C, showed that a single individual deposited as many as

24 eggs in leaves of millet within a period of 24 hours. On an
average, nine eggs were deposited per day. The rate of oviposition

varied greatly and ranged from one or two eggs on a given day to

as many as 15 or 20 eggs on the following day. The maximum
number during the life of an individual was 188 eggs, and the longest

period of oviposition covered by one individual was 33 days.

At Tempe, Ariz., Mr. Wildermuth recorded 105 eggs deposited by
a single individual in leaves of wheat in a period of 10 days. The
greatest number deposited in a single day was 27 eggs.

In California the observations of the junior author showed 61 eggs

deposited in leaves of barley plants during the life of one individual.
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From the observations made in widely separated localities by both the

senior and junior authors, it appears that about 60 per cent of the

eggs deposited are fertile.

EGGS DEPOSITED IN ONE LEAF AND ONE PLANT.

In our breeding experiments at Columbia, S. C, 28 eggs have been

found in a single leaf of millet 6 inches tall, and as many as 50 eggs

in an 8-leaved plant; 39 in a 6-leaved plant; and 99 in a 9-leaved

plant. It can be seen very readily that even in case some of the

eggs are infertile or for other reasons do not hatch, the plants thus

heavily infested will be com'pletely destroyed by the larvae.

INCUBATION OF EGGS.

At Tempe, Ariz., Mr. Wildermuth's records made during the

month of April showed the period of incubation to vary from 5 to 9

days, with an average of about 6 days. At Columbia, S. C, the senior

author's observations during July and August showed this period to

vary from 3 to 5 days, with an average of about 3J days; one egg,

however, was found to hatch in 54 hours (2.2 days) . In the fall this

period was found to vary from 4: to 8 days, with an average of about

5 days. At Glendale, Cal., the junior author made observations

during the month of March which extended this period from 7 to

12 days, with an average of lOJ days. Observations continued dur-

ing both winter and summer months at Glendale and Pasadena, Cal.,

showed the incubation period to vary from 5 to 12 days, with an

average of about 7 days. This period is without doubt somewhat
shorter in the open fields where infested plants are subjected to

refracted heat.

LARVAL HABITS.

The larva, when ready to emerge, ruptures the cephalic end of the

eggshell, as do the larvae of Argromyza angulata and A. parvi-

cornis, and immediately begins to feed on the green tissues of the leaf.

The mine at first is very small and threadlike, scarcely noticeable to

the unaided eye: (PI. II, fig. 5.) The diameter of the mine increases

as the larva increases in size, and by the time the larva reaches

maturity the mine may be greatly widened. In large plants, with

long, wide leaves, the larvte frequently make mines from 15 to 20

inches in length. Such mines are usually linear in outline, and
althoiigli tliey run from side to side, tlic turns are less frequent than

when larva; mine in short leaves of smaller plants. In the latter

the larvae traverse the leaves oftener. They frequently make side

gfilleries diagonally acioss the leaves, then retreat and continue the

main mine down the blade.
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A number of these galleries are often found leading away from

one mine in a leaf. All sorts of peculiarly shaped mines are made
in leaves, especially in small plants or in plants with a limited amount
of leaf surface. Some of these mines show almost perfect loops,

while others traverse the leaves in snakelike fashion.

In young oats and barley the larvae apparently break away from
the accustomed habit of making threadlike mines and instead appear

to undermine almost the entire upper surface of the leaves, in which

they are feeding. As a result the leaves dr}^ up (PI. II, fig. 4)

.

The larvse of this species pupate in the m.ines, usually in the leaf

sheath (PL I, fig. 5). The adult, upon enierging from the puparium,

tears open the dry tissue at or near the pupal case and makes its

escai^e.

LENGTH OF LARVAL STAGE.

The average length of the larval stage in the latitude of Columbia,

S. C, is 10 days during midsummer or in seasons of high tempera-

tures. This period is considerably longer in spring, and much longer

in late fall, ranging from 9 to 21 days during different seasons and in

different localities.

Larvge hatching from eggs about the middle of October were

overtaken by frost and killed the second week in November. Larvae

hatching from eggs deposited the same day by the same fly some-

times show a difference of three days in their total period of larval

development. The difference is apparently caused by a deficiency

in the immediate supply of food, which forces the larva to mine a

greater area to satisfy its demand, and as a result the duration of

the period of larval development is lengthened.

LENGTH OF PUPAL STAGE.

The length of the pupal stage (PL I, fig. 1; PL II, fig. 7) of this

insect varies from 9 to 12 days during midsummer and from 11 to

16 days during spring and late fall in the latitude of Columbia, S. C.

A short pupal period of eight days during July is recorded by

G. G. Ainslie at Nashville, Tenn., and a j)upal period of from 14

to 18 days by V. L. Wildermuth at Tempe, Ariz., during March
and April. At Pasadena, CaL, the pupal period ranges from 12 to

24 days at different seasons of the year.

LIFE AND HABITS OF ADULTS.

Flies begin to issue from puparia during the latter part of May
in the latitude of La Fayette, Ind., but probably considerably earlier

at Columbia, S. C, as adults in breeding cages began to issue in

February of 1915. These, however, died within a short time and

without reproducing. In the vicinity of Pasadena, CaL, adults of



THE SPIKE-HOBISrED LEAF-MINEE. 13

this species are active throughout the entire year, appearing in

abundant numbers over the grain fiekis during the months of Feb-

ruary, March, and April. The males do not live quite as long in the

rearing cages as do the females. They may live from eight days to

four weeks, but generally not, over two weeks. The females may live

from three to five weeks and oviposit during most of this time. This

long period of oviposition accounts for the complete overlapping of

the broods. The first progenj^ may have progressed to the pupal

stage some clays before the last eggs of its mother have been de-

posited. The females live only from three to five days after they

cease to oviposit.

The flies appear the most active when the temperature ranges be-

tween 85 and 95 degrees F., and when below 70 degrees they become
sluggish in their movements, especially so in flight.

Adults are fond of sweets and lived for a longer period in cages

supplied with a quantity of sugar solution than in cages not so pro-

vided.
MATING.

Adults generally begin to mate the second or third day after

emergence; sometimes mating occurs on the day of issuance. They
apparently mate several times during life. They remain in copula

from a few seconds to thirty minutes or more. The female is able

to fly about while in coitu with the male, the added weight being

apparently no great hindrance in flight.

NUMBER OF GENERATIONS.

According to the rearing experiments conducted by the senior

author at La Fayette, Ind., there are at least three generations from

about the middle of May to the first of October, after which the

species goes into hibernation. He found apparently six generations

in the latitude of Columbia, S. C. Many of the larva? of the last

generation at l>oth places did not reach maturity. Some died upon
maturity of the plants and others were killed by frost.

Rearing experiments in the A'icinity of Pasadena, Cal., show that

there are at least eight generations of this insect throughout tlie year.

The first and second generations are generally well defined, but the

others overhip completely, so that all stages of the insect may be

present at oiu; time. In southern California it may be found in all

.stages throughout the entire winter.

LIFE CYCLE.

Tlic a\oi;ig(', life cycle in the vi(;inity of Pasadena, Cal., is con-

siderably longer than in the vicinity of Columbia, S. C, because in

the former locality the insect reproduces throughout the winter

months, when the stages are very slow in development. The average
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period elapsing between the different stages throughout the year in

the vicinity of Pasadena is as follows

:

,
Days.

Period between emergence of adult and oviposition 3

Egg stage 7

Larval stage 16

Pupal stage 18

Average life cycle 44

Observations made at Columbia, S. C, from June to August, 1914,

showed the stages and life cycle as follows

:

Days.

Period between emergence and oviposition 3

Egg stage 3. 5

Larval stage 10
'

Pupal stage 10

Total life cycle 26.5

Wildermuth obtained the following life cycle of this species at

Tempe, Ariz., during April and May in 1913

:

Days.

Period between emergence and oviposition 4

Egg stage 3.5

Larval stage 12

Pupal stage 16

Total life cycle 37. 5

HIBERNATION.

This species has apparently no distinct period of hibernation in

the warm climate of southern California, but the different stages are

naturally considerably retarded in their development during the cold

days of winter.

In the latitude of Columbia, S. C, and La Fayette, Ind., the spe-

cies hibernates in the pupal stage. The first heavy freeze killed the

adults, larvae, and the plants in rearing cages at Columbia, S. C.

An infested field of oats at Columbia revealed only puparia through-

out the greater part of the winter.

REARING METHODS.

The rearing cages found to be the most satisfactory by the senior

author in his study of the life history of this species, both at La
Fayette, Ind., and Columbia, S. C, consisted of 12-inch flowerpots

containing food plants and covered with cylinders made of celluloid

and galvanized iron. The tops of these cylinders were covered with

cheesecloth. Moist food was kept in the cages for the adults.

The junior author in his study of this species in California found
that cages made of wire arches and cheesecloth bags gave the best

results. The type of cage used by him for observations on feeding



THE SPIKE-HORNED LEAF-MINER. 15

and oviposition consisted of a lantern chimney covered with cheese-

cloth and placed over a small potted plant (PL II, fig. 6). A lump

of sugar moistened with water was placed in the bottom of the cage.

The senior author in his study of the oviposition and feeding habits

used a cage consisting of a small lantern chimney placed in an earthen

saucer. Inside of the lantern chimney was placed a bottle containing

a small millet plant in water; these plants were afterward potted.

Moistened sugar was also placed in this cage. It was found that

adults in the small cages lived for a longer period than in the larger

rearing cages, probably on account of having access more readily to

food given them.

PARASITIC ENEMIES.

The important natural enemies of this leaf-miner are parasitic

Hymenoptera, of which the species named below have been reared.

Some of these have been reared at widely separated localities and

from their host working upon different food plants. These para-

sites become active in early spring, increasing in abundance with

each succeeding generation, until their activity is retarded by the

approach of cold weather.

It may be possible that the almost total disappearance of the host

during midsummer in some localities is due to the effective work of

some of these parasites, the life histories of which have not been

worked out.

C'irrospUus fiavoviridis Cwfd.—This species was reared from a

mine of C. dorsaZis in a timothy leaf taken at Ely, Nev., by C. N.

Ainslie. It is also a parasite of the leaf-miners AgroTnyza fusiUa

Meig. and A. parvicomis.

Cyrtogaster occidentalis Ashm.—This species was reared by the

junior author, on May 9, 11, and 18, 1914, from puparia of C. dor-

salis, taken from barley leaves at Yuma, Ariz., and again on June 3,

1914, from a puparium which was removed from a leaf of wheat

taken at Tulare, Cal. During 1913 the senior author reared it

from C dorsalis mines in corn at Columbia, S. C. G. G. Ainslie

reared it on May 11, 1914, from C. dorsalis mines in corn at Lake-

land, Pla., and H. E. Smith reared it May 25, 1914. from mines of

this species in com at Greenwood, Miss.

DiauUnus v)ehsteH Cwfd.—This parasite was reared in December,

1914, by E. L. Barrett from larvffi of C. dorsalis working in b:ii'ley

at Pasadena, Cal. The species was described by Crawford ^ (p. 184)

from specimens recorded from Temj)e, Ariz., under Webster No. 7280.

Ulauluujps'iA callichrom/i Cwfd.—This speci(^s was also I'cared

from (!. dorsalis larvtc working in corn, first by G. G. Ainslie at

1 (!rawforf], .1. ('. I»<'HrrlptlonH of new Hymcnopti-'ra. In I'roc. TJ. S. Nat. Muh., v. 43,

p. 1«.'J-188. JOlli.
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Lakeland, Fla., in May, 1913, and by H. E. Smith at Greenwood,
Miss., in May, 1914. The species was described hj Crawford^

(p. 183) from specimens under Webster No. 7286, Tempe, Ariz.

Polycystus foersteri Cwfd. (PI. I, fig. 6).—This species was reared

from C. dorsalis in corn by G. G. Ainslie, May, 1913, at Orlando,

Fla., and was reared from C. dorsalis in barley by E. L. Barrett at

Pasadena, Cal., on June 6, 1915. This parasite was described as

a new species by Crawford (Proc. U. S. Nat. Mus., v. 45, p. 313) in

1912, from specimens reared by the senior author from Agronvyza

angulata at La Fayette, Ind.

Dacnusa n. sp.—This species was reared April 25, 1914, from a

puparium of C. dorsalis removed from Hordeum TYhurirmm taken at

Glendale, Cal., and on May 1 and 2, 1914, it emerged from puparia

of Cerodmita dorsalis removed from barley at the same locality. It

was reared on January 3, 1915, by E. L. Barrett from a puparium of

C. dorsalis removed from a barley leaf at Pasadena, Cal.

Chrysocharus farhsi Cwfd.—This species was reared by T. D.

Urbahns, the junior author, June 16, 1914, from a puparium of C.

dorsalis removed from a leaf of wheat taken at Visalia, Cal. The
species was described by Crawford^ (p. 173).

Opius dimidiatus Ashm.—The senior author reared one adult

of this species from C. dorsalis mines in millet at La Fayette, Ind.,

in 1912. This species is also recorded as a parasite of A. iJusUla?

Opius aridus Gahan.—Mr. G. G. Ainslie reared this species from

mines of C. dorsalis in corn at Lakeland, Fla. This species is also

an enemy of Agromyza pusilla.^

PREVENTIVE MEASURES.

Owing to the concealed character of damage and method of work-

ing, this insect has not attracted widespread attention, and no de-

mands have been made concerning control methods. It would

appear, however, that the practice of summer fallowing in the West
would do much to destroy puparia remaining in the dry leaves.

Fall plowing and, in fact, any thorough cultivation of grain fields

to destroy the remaining stems and leaves as well as volunteer grain

should destroy such of this species as remain in the larval and pupal

stages.

Burning of dry grasses along fence lines, roadsides, and terraces

in late fall and early spring should likewise destroy some of the

puparia.

1 Crawford, J. C. Descriptions of new Hymenoptera. In Proc. U. S. Nat. Mus., v. 43,

p. 163-188. 1912.
2 Crawford, J. C. Descriptions of new Hymenoptera. In Proc. U. S. Nat. Mus., v. 45,

p. 309-317. 1913.
2 Webster, F. M., and Parks, T. H. The serpentine leaf-miner In Jour. Agr. Res., v. 1,

no. 1, p. 59-88, pi. 5, flg. 1-17. 1913.
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HYGIENIC VALUE OF COLD STORAGE.

Cold storage is the most efficient method of preserving perishable

foodstuffs in their natural condition, or in a state approaching that

condition, for various periods of time. It is well known, however,

that changes do take place in foodstuffs held in cold storage, and that,

roughly speaking, the rate of deterioration or decay, although

affected by many factors, is more rapid the higher the temperature.

Moreover, the wholesomeness of cold-storage products depends not

only upon proper conditions of storage, but also upon the condition

of the products when placed in storage and upon the methods of

handling subsequent to storage. The hygienic aspect of the cold-

.storage industry has had an increasing amount of attention during

the hist few years. There is an increasing need for exact and com-

plete information concerning the changes which take place in food-

stuffs held ill fold stor-agc, and in regard to the effect of various

factoi's ii|>oii (he (jiiality aiul wJu)U'S()meness of such products. Much
good \voi-k lias been done but uioi(! lemains to be accomplished.

.-0801 '—null. 4.^3—17 1
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COMMERCIAL PRACTICES IN THE COLD STORAGE OF FRESH BEEF.

There are two general methods of handling fresh beef in cold

storage, viz, (1) storage at temperatures above freezing, usually

between 32° and 38° F., and (2) storage at temperatures below

freezing, usually between 8° and 12° F. According to Holmes

(1913), 3.1 per cent of the beef slaughtered commercially in this

country in 1909 was placed in cold storage at temperatures below

freezing, which would leave a remainder of 96.9 per cent that must

have been stored at temperatures above freezing. Beef stored at

temperatures above freezing is known as fresh or chilled beef. That

stored at temperatures below freezing is Imown as frozen beef.

This discussion is concerned only with chilled beef and the methods

by which it is handled in the larger meat-packing establishments in

this country.

The methods used in the commercial slaughter of cattle are so

well standardized that they do not demand special discussion. AVhen

the carcass is completely dressed it is split down the back into two

equal halves called " sides," which are hung on rails or trolleys. The

sides are then washed clean, wiped dry, and rim into coolers. In

the larger establishments less than an hour is required from the time

the animal is stunned until the carcass is placed in the cooler.

REFRIGERATION.

" Coolers " are the names applied to the refrigerated rooms in

which carcasses of beef or other meat food animals, or parts thereof,

are stored at temperatures above freezing. Meat-packing establish-

ments are usually supplied with two or more coolers for the handling

of fresh beef. One of these is known as the ^' fore cooler,-' into

which the warm beef is run immediately after slaughter, where it

is usually held for from 12 to 18 hours until partially chilled. The
other is known as the " main cooler," into which the partially chilled

beef from the fore cooler is run and then held therein for shipment

or other disposal.

The fore cooler is a A^ery important factor in the proper handling

of refrigerated beef. When warm beef is placed in a cooler at a

temperature of about 32° F., the air soon becomes filled with the

condensed-water vapors arising from the warm carcasses unless

special provisions have been made for their disposal. If warm beef

should be run into a cooler that contained chilled beef the water

vapors would condense upon the cold beef and injure its appearance

and keeping qualities. Likewise the warm beef causes a considerable

rise in the temperature of the cooler, which may increase to 50° F.,

a temperature which w^ould be injurious to chilled beef held in the

same cooler. The temperature of the fore cooler is usually brought
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down to about 32° F. before filling, though when filled with warm
beef it may run up to 50° F.

The main cooler is simply a second cooler into which the par-

tially chilled beef from the fore cooler is run to be thoroughly

chilled and held for shipment. In some of the large meat-packing

establisliments, which have several beef coolers, warm beef is run

into one cooler on one day, into another cooler on the second day,

and so on, the chilled beef being removed from the first cooler in

time for its refilling Txatli warm beef. This practice accomplishes

the same result as the use of a fore cooler.

SYSTEMS OF REFRIGEKATION.

In commercial meat-packing establishments in this country the

ammonia-compression system of refrigeration is used almost entireh\

There are, however, a number of methods by which the refrigeration

is distributed for the purpose of chilling the coolers. The more
important of these are : (1) Closed brine-coil system

; (2) sheet-brine

system; (3) brine-spray system. In each case the refrigerating agent

is sodium chlorid or calcium chlorid brine that has been chilled by

the direct expansion of liquid ammonia in closed coils.

Closed-coU system.—Refrigerated brine is pumped through closed

coils located in bunkers directly above the coolers. The bunkers are

so constructed as to provide for gravity circulation of air, the cold

aic falling from one side of the bunker into the cooler below and

the warm air from the cooler rising at the other side to be refrig-

erated as it passes over the brine coils. This system also accom-

plishes a partial drying of the air as it passes over the cold brine

coils, which condense a part of the moisture and the dissolved im-

purities that the air contains. The closed-coil system is the one most

commonly used for the refrigeration of fresh-meat coolers.

Sheet-hn7)£ system.—This system is similar in principle to the

closed-coil system. Instead of passing through closed coils, how-

ever, the refrigerated brine is allowed to trickle over a series of sus-

pended muslin curtains located in a bunker room similar to that used

in the closed-coil system.

Brine-spray systerro.—In this system the refrigerated brine is

sprayed from a series of pipes located in a bunker room similar to

that which is used in the two other systems. One advantage of this

system over the other just mentioned is that less head room is required

in tlx' l)iird<er rr)om.

When i)ropeily installed any one of these systems is considered

to give satisfactory results. It is A^ery important, however, that a

systnn of rcfrigcfiition for fritsli-riicat coolois shoidd ])i"()vi(le for

afjiindant lefrigeration and for a thorough and faiily rapid circula-

tion of fiir-.
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CARE OF COOLERS.

The beef cooler is usually one of the most sanitary fooms in a mod-
ern packing house. The floor is kept covered with clean sawdust,

which is renewed as often as the demands of cleanliness require.

Walls and ceilings are usually painted ; and if the system of refrig-

eration has been installed properly they will be free from moisture.

Although a special system of ventilation is not generally installed,

beef coolers are as a rule free from objectionable odors. Sufficient

ventilation, except perhaps in fore coolers, is usually obtained from

the movement of the carcasses in and out of the cooler.

TEMPERATURE OF STORAGE.

The conditions in packing houses differ considerably, but the aver-

age temperature for the storage of fresh beef probably lies between
34° and 36° F. It is seldom stored at a temperature below 30° F. or

above 40° F. -

HUMIDITY OF COOLERS.

As a rule no special means, aside from the use of fore coolers, is

used to regulate the humidity of beef coolers. It is recognized that

the bunker system for the distribution of refrigeration, properly

constructed and with abundance of refrigeration so as to furnish

good circulation of air, will keep a cooler in a dry condition. It is

well known that beef will keep longer and in better condition in a

dry cooler than in one which is moist, the temperature being the

same in each case, since moist conditions in a cooler favor the growth

of molds and bacteria on the surfaces of meats, and a consequent more
rapid deterioration of the product. There seems to be but very little

information available concerning the actual humidity of packing-

house coolers.

STORAGE PERIOD FOR FRESH BEEF IN COOLERS.

The length of time that fresh beef is carried in cold storage before

it reaches the retailer varies considerably among packing houses. It

may be said that as a general rule fresh beef is held in cold storage

long enough to chill the carcass thoroughly, and that it is then dis-

tributed to the trade as expeditiously as practicable or is utilized for

the manufacture of beef-food products. Conditions governing the

length of time required for the distribution of fresh beef to the re-

tail trade are so various that it would be impracticable to discuss the

question in detail. From a general knowledge of the subject, it may
be said that the bulk of the chilled beef probably reaches the retailer

before it has been in cold storage three weeks.
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COMMERCIAL RIPENING OF MEATS.

The term " ripening," or " ageing," as applied to fresh beef, de-

notes the practice of holding such meat in cold storage at tempera-

tures above freezing for various periods of time for the purpose of

improving the quality of the meat, it being the opinion of experts

that the ripening of beef greatly improves its quality, particularly as

regards tenderness. This practice is not followed to any extent by

the larger packing houses on their own account, but it is carried on

to a certain extent by concerns which supply meats to high-class

hotels and restaurants and to the dining-car service. As a rule, such

concerns do not ripen meats in their own coolers, but select their cuts

of meat and have them ripened in coolers belonging to the larger

packing houses.

The practice of ripening meats is a simple one. Suitable cuts of

meat, usually heavy, fancy ribs and loins and occasionally entire

hind quarters, are hung in a cooler set aside for the purpose, or in a

regular beef cooler, for from two to six weeks, depending upon the

degree of ripeness desired. A dry cooler with good circulation of

air is preferred, and the temperature is ordinarily held at 34° F.

Depending upon the condition of the cooler as regards temperature

and humidity, cuts of meat may show a slight growth of mold after

from two to three weeks, and a heavy growth after from four to

six weeks in storage. The growth of mold appears first and is

heaviest on the cut surfaces of the meat. The degree of ripeness is

judged largely by the length of the " whiskers," as the growth of

mold is called in packing-house parlance. Such meats are wiped free

of mold when sold; and the purchaser must assume any loss due to

the necessity for trimming. As compared with the total amount of

chilled beef handled in this country the quantity of specially ripened

beef is quite small.

PREVIOUS INVESTIGATIONS ON COLD STORAGE OF MEATS.

Only a brief discussion of the more important cold-storage investi-

gations will be attempted.

Gautier (1897)* was one of the earliest workers to carry on ex-

tensive investigations concerning the changes which take place in

meats during cold storage. He studied the chemical, physical, and

organoleptic proiiertios of fresh (French) beef and mutton as com-

pared with frozen (Argentine) beef and mutton that hud been held

in cold storage between 5 and months at —3° to —5'' C. Artificial

digestion experiments were also carried on. In general, the (ronclii-

sions r('a(;lied were to the effect that there was littU^ diHerence in the

composition of the fresh beef and mutton as com})ared with the

< RefereneeH to literature will ho found on page 100.
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frozen products. Certain physical changes were noted in the frozen

meat, viz, slight desiccation, exudation of juice on thawing, and de-

velopment of a slightly burnt jflavor on cooking. It Avas noted that a

slice of frozen meat would not keep as long in the open air at 12°

to 18° C. as a slice of fresh meat,

Eichardson and Scherubel (1908) conducted an extensive series of

experiments concerning the changes which take place in frozen beef

during cold storage. Fresh beef was frozen and then stored for

periods ranging from 33 to 554 days, at temperatures varying from
—9° to —12° C. Samples were examined in the fresh condition and

at intervals during the course of the experiment. Chemical, bacte-

riological, and histological studies were made. The results of these

investigations show but slight differences between the composition of

fresh and that of frozen meats. On cooking, no difference in flavor

was not^d between the fresh and the frozen samples of meats. In
closing their paper, the authors make the following statement

:

On the whole the results of the various lines of work reported in this paper,

chemical, histological, and bacteriological, indicate that cold storage at tem-

peratures below —9° C, at least, is an adequate and satisfactory method for

the preservation of beef for a period of five hundred and fifty-four days and
probably for a much longer time.

The same authors (1909) conducted a second series of investiga-

tions having to do with the changes which take place in fresh beef

held in cold storage at temperatures above freezing. Experiments

were carried on with pieces of beef known as " knuckles," which were

stored in a cooler at temperatures varying from -|-2° to -(-4° C.

for periods varying from 7 to 121 days. Considerable changes in

the composition of the samples were noted as the storage period was
increased. Increases were noted in the percentage amounts of total

water-soluble solids, total soluble, coagulable, and meat-base nitro-

gen, but the increases were not regular. Evidences of bacterial ac-

tivity were apparent early in the investigation.

Emmett and Grindley (1909) studied the changes that occurred in

fresh beef stored at temperatures above freezing. Two steers were

slaughtered for the experiment ; one-half of each carcass was exam-

ined in fresh condition and the other two halves were placed in cold

storage at 33° to 35° F. Of the two halves placed in cold storage,

one was taken out at the end of 22 days and examined, and the other

at the end of 43 days. In the case of the beef which had been stored

22 days, the only real changes noted were distinct increases in the

total soluble and the soluble inorganic phosphorus, and a decrease in

the nonnitrogenous extractives. In the case of the beef stored 43 days

the chemical changes were greater in number than in the beef stored

22 days, but were without appreciable effect upon the nutritive value

of the meat.
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Wright (1912) made a chemical and bacteriological study of fresh

and frozen New Zealand lamb and mutton. Carcasses of each class

of animals were stored at 2° to 19° F. for periods ranging from T

to 160 days. Samples were examined chemically and bacteriologi-

cally in the fresh condition and at intervals throughout the course

of the experiment. The results of these experiments indicate the

following changes in the lamb and mutton stored for 160 days at

2° to 19° F. : Loss of moisture amounting to from 2 to 3 per cent;

an increase in proteose, peptone, and meat-base nitrogen ; and no ap-

preciable change in ammoniacal nitrogen or in the free acidity of

the fat. The changes in chemical composition were ascribed to

enzym action. The bacterial condition of the frozen meat remained

the same as that of tlie fresh product. When freezing and subse-

quent thawing were carried on gradually, there was no alteration

in the structure of the tissue. The nutritive value of the lamb and

mutton was not affected by freezing and storage.

Ascoli and Silvestri (1913) carried on a series of experiments con-

cerning the relative properties of fresh and frozen beef. Fresh,

local beef (Italian), and frozen Australian and Argentine beef that

had been held in cold storage about two months were used for the

investigation. The following ground was covered in the studies with

each class of meat : Chemical composition, digestibility in vitro, action

on gastric secretion, digestibility with human subject, histological and

autolytic changes. Certain changes were noted in the frozen as com-

pared with the fresh meat, viz, a change in color, an increase in soluble

protein which exuded in the form of a reddish fluid when the meat

was thawed, the development of a peculiar taste, and a decrease in

the aromatic odor of the broth. The changes were more apparent

in the fat than in the muscular tissue. The changes noted were

ascribed to the action of enzyms. The authors concluded that frozen

meats may be regarded as a wholesome food product and may be

eaten without injury.

PURPOSE AND PLAN OF PRESENT INVESTIGATION,

Purpose of investigation.—This investigation was undertaken with

the. following objects in view: (1) To study the changes which take

place in fresh beef stored at temperatures above freezing, with special

reference to the effect of such changes upon the wholesomencss of

the product; (2) to determine the causes of the changes which take

place in fresh beef held in cold storage under the above conditions;

(:'.) tf) determine the length of time that fresh beef can be held in

cold stoi'age at tem[)eratures above freezing and remain in whole-

some condition, with sp(!cial reference to the ellect of various factors

upon the length of the storage period.



8 BULLETIN 433, U. S. DEPARTMENT OP AGEICULTUEE.

Plan of investigation.—Yov the purpose of studying the problems

outlined above, three distinct lines of investigation w^ere planned,

viz, (1) autolysis experiments with fresh beef, (2) cold-storage ex-

periments with fresh beef, (3) a study of the factors affecting the

length of time that fresh beef can be carried in cold storage.

The changes which ordinarily take place in fresh beef, and in

other meats as well, during cold storage at temperatures above freez-

ing, may be due to one or more of three causes, viz, (1) enzyms oc-

curring naturally in the meats, (2) bacteria, and (3) chemical and

physical agencies.

The action of the first of these agencies in causing changes in

meats during cold storage is probably less well understood than is

that of the two others, and seemed to call for special investigation.

AUTOLYSIS EXPERIMENTS.

The term autolysis, as applied to animals, is the name given to the

post-mortem changes which take place in the tissues or the fluids of

the body through the agency of enzyms and in the absence of bacterial

action. Under certain abnormal or pathological conditions auto-

lysis may occur in the tissues or fluids of living animals.

The discovery of autolysis is generally accredited to Salkowski

(1891), who called the process " autodigestion." Previous investi-

gators had noted the phenomenon but had not appreciated its im-

portance. Salkowski studied the autolysis of the liver and striated

muscular tissue of the dog, using chloroform to prevent bacterial

action. Since then a very large number of autolysis experiments

have been carried on with practically every organ and tissue in the

body. For a resume of the literature on autolysis and intracellular

enzyms, the reader is referred to Jacoby (1902), Oswald (1905), and

Vernon (1908, 1910).

ASEPTIC AUTOLYSIS EXPERIMENT WITH BEEF.

The object of this experiment was to secure a measure of the

various changes which, in the absence of bacterial action and under

the most favorable conditions, might be caused in the muscular tissue

of beef by the action of the enzyms occurring naturally in that tissue.

METHOD OF PROCEDURE.

Slaughter.—A fat " high-grade " Shorthorn steer was slaughtered

at a local packing house by the usual methods. The operation was
carried on with as much cleanliness and dispatch as possible, though
it was recognized that it would be impossible to carry on the opera-

tion under strictly aseptic conditions. On the completion of slaugh-
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ter one hind quarter was cut from the carcass, Avrapped in cheese-

cloth previously soaked in a solution of bichlorid of mercury

(1-1,000) and then in dry cheesecloth and paper, and was at once

transported to the laboratory by means of a motor truck, the trip

requiring about half an hour.

Preparation of samples.—At the laboratory the hind quarter was
transferred at once to a small bacteriological workroom, the floor,

walls, and ceiling of which had been sprayed a short time previously

with a disinfectant solution. Large plugs of meat, approximating

3 to 4 inch cubes, were cut from the muscular tissue, avoiding con-

nective tissue and fat as much as possible. Sterile instruments

were used in taking the samples and great care was exercised to

make this procedure as nearly aseptic as possible. In taking the

samples the outer portions of the hind quarter which had come in

contact with the bichlorid gauze were of course rejected, these por-

tions being trimmed away. The samples, which Aveighed from 274

to 512 grams, were immediately transferred to sterile crystallizing

dishes fitted with glass covers. The dishes were then Aveighed and

the covers sealed with adhesiA^e tape and over the tape Avere placed

strips of tin foil. This was done for the double purpose of preA^ent-

ing evaporation and bacterial contamination from the outside. The
dishes containing the samples were then placed in the incubator.

Bacteriological control of exjyeriments.—The samples were care-

fully inspected from day to day for eAddences of bacterial groAvth.

As the moist surfaces of the meat samples and the exuded juices fur-

nished an excellent medium for the groAvth of contaminating micro-

organisms, such growths, when they occured, soon became percepti-

ble to the naked eye. Out of a total of 36 samples, 24 shoAved Aisible

bacterial growths upon incubation and these were rejected. In the

case of these samples it was not necessary to make cultures, as the

bacterial growths Avere quite apparent to the naked eye ; in doubtful

cases stained preparations Avere made. Nine of the samples showed

no visible bacterial contamination after incubation periods ranging

from 7 to 100 days, and these Avere subjected to careful bacteriological

examinations in order to establisli their sterility. In examining the

samples bacteriologically, cultures were first made from the exuded

juice and the outer portions of the meat samples. The samples Avere

then cut in half with sterile instruments and cultures taken from

the inner jjortions. liotli anaerobic and aerobic cultures were made
on several kinds of media. The samples which showed no visible

bacterial growths were; foinid to be sterile up(Hi biicteriological cxaini-

iKition, and these samples were pasised for chemical examination and

.study.

Saniplirif/ of fresh rn/iterial.—The siun])l('s lia\ iiig been taken for

incubati(Mi, a <:oMij>osit(' sample of the lean meat was taken for analy-
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sis and placed in cold storage until the next day, when it was pre-

pared for chemical examination. Analytical work was started prac-

tically 24 hours after slaughter, during which time the material used

for analysis had been in cold storage 17 hours. All work in the

preparation of the material for analysis, including the weighing of

the material for individual determinations, was carried on in a refrig-

erated room at a temperature between 32° and 40° F. After the

fresh material had been ground as finely as possible and transferred

to glass jars which were then tightly stoppered, chemical work was
started forthwith. In the case of the incubated samples, as soon as

cultures had been taken for bacteriological examination, the dishes

were again sealed and placed in a refrigerated room at a temperature

of 24° F. for 2 or 3 days or until results had been obtained from
the bacteriological examination of the samples. The meat was then

prepared for analysis by the same methods used with the fresh

material.

PHYSICAL AND ORGANOLEPTIC CHANGES,

The sterile samples showed increasing losses in weight as the ex-

periment progressed, ranging from 0.8 per cent in the sample in-

cubated 7 days to 10.08 per cent in the sample incubated 100 days.

Certain observations on changes in the character of the samples

during incubation may be of interest. The sample which had been

incubated 7 days showed the following characteristics : There was no

apparent disintegration of the tissues and the piece of meat had

retained practically its original form ; considerable juice had exuded

which had turned light brown in color and which contained consid-

erable sediment of a grayish-white color; after the dish had been

opened and cultures for bacteriological examination had been taken,

a strip of moist lead paper was inserted as a test for hydrogen sul-

phid, but no reaction was obtained ; the exposed surface of the meat

was light brown in color, while the surface which rested on the bot-

tom of the dish was bright-pink in color. The cutting of a cross

section showed that the meat was somewhat rubbery in texture and

not noticeably tender. The cross section showed a brown zone ex-

tending inward for a distance of about one-fourth of an inch from

the surface, except where the meat had rested upon the bottom of

the dish, where the pink color extended to the surface. The interior

of the sample was of a uniformly bright-pink color. The meat had a

pleasant odor, somewhat similar to that of rare roast beef. The re-

mainder of the sterile samples, which had been incubated for periods

ranging from 14 to 100 days, showed characteristics so similar to

those of the sample just described that a separate description of each

sample does not seem to be necessary.
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As the incubation period progressed there were some evidences

of desiccation. There was no marked softening of the tissues, and

there were no apparent evidences of muscular disintegration in any

of the samples. The sample incubated 100 days was possibly some-

what more tender than the sample incubated 7 days. All samples

showed the brown outer zone and pink interior, With increasing

age there was some change in the odor of the samples, the one incu-

bated 100 days having a rather old but not unpleasant odor. The
juice that had exuded from the samples appeared to become more

watery as the experiment progressed. In the case of some samples

where the meat had rested against the side of the dish in such a

way as to pocket some of the juice and protect it from the air the

juice had a purplish-red color, similar to but more intense than that

of the interior of the meat samples, in contrast to the brown color

of the juice exposed to the air. The significance of this observation

concerning the changes in color of the meat and juice has been dis-

cussed by one of the authors in another paper.^

A sample which had been incubated 103 days was broiled and sam-

pled by three judges. The consensus of opinion as to the quality of

the meat was about as follows : The meat is quite tender and has an

old, highly acid, and rather disagreeable flavor which persists in the

mouth after eating; the meat is not entirely objectionable but is not

appetizing ; no ill effects were suffered from eating the meat.

CHEMICAL STUDIES.^

The analytical methods used were those which preliminary investi-

gations had shown to be adapted to the work in hand. All deter-

minations were made in duplicate, and except where noted were made
upon the original material. Averages of closely agreeing duplicates

are ix'ported.

METHODS OP ANALYSIS.

McAnUire.—About 5 grains of the finely ground material were weighed from

a weigfiing l)ottle into a previously weighed bottle cap and placed in a freezing

coniiiartiiient at a temperature of 25° F. At the end of 24 hours the bottle cap

and its frozen contcTits \v(,'re transferred to a well-chillcd desiccator containing

sulpliuric acid, wliicli was then evacuated to a pressure of from 3 to 5 milli-

meters. Two days aft(,'r\vards the samples were removed and weighed, after

which the drying in vacuo was continued over fresh concentrated sulphuric

acid until a constant weight wiis obtained.

This method has the merit of guarding the sample against chemical changes

during tlie course of the determination and of leaving the dried substance in a

porous condition that greatly facilitates Its complete extraction with ether.

• Iloagland, Ualjih, Kormatlon of nr-rrmtoporphyrin In Ox Mnsclo DuririK AiHolyslH.

JournnI of Ajjrlf uKuriil Itcucanh, v. VII. p. 41-4r., Oct 2, lOH!.

-T\\t: aiitlioiK (l<Hli(r to <'xlcii<I thoir (liaiiks (o Mr. Unlicrt. II. Kerr for liavliiK iiiadc ( he

aiialysi-s of tire fain which arc rcprirlcd in IIiIh |iapcr.
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Fat.—For the determination of fat, the dried residue from the moisture deter-

mination was crushed and exhausted with absolute ether in a Soxhlet apparatus

for a minimum of 16 hours. After distilling the ether, the fatty residue was
dried and weighed in the usual manner.

xUh.—Three to five grams of the fresh material were weighed into a tared

platinum dish and ignited in an electric muffle furnace at a temperature not

exceeding 600° C. In this way a light, fluffy, gray ash was obtained without

fusing. Preliminary work showed this method to give as accurate results as

either the calcium acetate or the charring and extraction method, and to be

more convenient.

Total nitrogen was determined by the Kjeldahl-Gunning method, using

3-5 grams of the original material.

Total phosphorus.—^\Vith a view to equalizing any possible errors inherent

in the methods used, so that the ratio of the inorganic to the total phosphorus

might be obtained with the maximum of accuracy, the same method was used

for the final estimation of total phosphorus as was employed in the inorganic

phosphorus determination. After 6 to ^10 grams of the finely ground material

had been digested with sulphuric and nitric acids by the well-known Neumann
method, the phosphorus was precipitated from the diluted and neutralized

solution by a considerable excess of magnesia mixture and a large excess of

ammonia. The magnesium ammonium phosphate was then filtered off, dissolved

in dilute nitric acid, and reprecipitated and weighed as ammonium phosphomol-

ybdate by the method of Lorenz (1901), (c. f. Neubauer and Liicker, 1912),

with observance of all analytical precautions. The results are reported in

terms of percentages of the elementary phosphorus.

Ammonia was determined by the well-known aeration method of Folin.

The apparatus consisted essentially of a Folin absorption cylinder containing

dilute sulphuric acid for the washing of the incoming air, a Hopkins safety

bulb for removing any sulphuric acid spray from the air current, a 16-ounce

bottle of tall form for the reception of the sample, a 250 c. c. Erlenmeyer

flask for safety purposes, and a Folin absorption cylinder containing 10 c. c.

of tenth-normal sulphuric acid in which the ammonia was received. The above

were all connected in series in the order named, and the receiver was con-

nected with a vacuum system.

About 20 grams of the ground meat were weighed accurately into the tall

bottle, suspended in the smallest amount of water practicable, and treated with

50 c. c. of a solution containing 4 per cent sodium carbonate, 0.1 per cent of

sodium fluorid, and sodium chlorid ^ to saturation. There was also added 25 c. c,

of pure ethyl alcohol, which was replaced as occasion required to prevent

foaming. The bottle was then connected in the series and a strong air current

was drawn through the apparatus for a period of at least four hours. The
excess of standard acid was estimated by titration, carminic acid being added

as an indicator. Preliminary experiments had shown that a four-hour aeration

period was more than sufficient.

Results are reported in terms of percentages of elementary nitrogen.

Preparation of extract.—Previous investigators who have determined the

soluble constituents of muscular tissue have, as a rule, used water as a solvent,

although solutions of various salts, of varying degrees of concentration, have
been used to some extent. Taking all of the facts concerning the nature of the

constituents of muscular tissue into consideration, it was concluded that the use

of a solvent isotonic with the muscle sei-uui would throw the most light upon

1 Folin, O. Journal of Biological Chemistry, v. 8, p. 497.
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the nature aud quantity of the soluble constituents of the muscles, either in

fresh condition or after autolysis or cold storage.

The solvent used was 0.9 per cent aqueous solution of sodium chlorid that

had been saturated with thymol by shaking with a concentrated chloroform

solution of that substance. The preparation of the extract in these experiments

was always begun as soon as possible after the grinding of the samples. The
entire process was carried on in refrigerated rooms, the preparation of the

extract at a temperature between 34° and 45° F., and subsequent extraction

at a temperature between 34° and 36° F. The solvent was cooled to about

34° F. before use.

One hundred grams of the finely ground meat were weighed into a beaker

and transferred quantitatively, with the aid of some of the solvent, to a 7-inch

porcelain mortar. The meat was mascerated with the solvent to a smooth

pulp, and quantitatively transferred to a 2,000 c. c. volumetric flask with the

aid of a stream of the solvent from a wash bottle. The contents of the flask

were then diluted to the mark with the isotonic solution, and the flask was
placed in a cold-storage room at a temperature between 34° and 36° F. The
suspension thus prepared was shaken at intervals of not less than an hour

during the remainder of the day, and at like intervals during the morning of

the following day, until at the expiration of the twenty-third hour it had been

shaken on eight different occasibns. After settling for another hour, it was
filtered, the clear filtrate being used for the determination of the soluble con-

stituents of the meat.

A determination of the volume displaced by the insoluble material has con-

vinced us that the error caused by its presence is negligible.

Total solids were determined by evaporating 50 c. c. of the extract to dryness

in a platinum dish on a steam bath, and by subsequently drying to constant

weight at 100" C. Correction was made later for the sodium chlorid contained

in the extract.

Asli.—The residue from the determination of total solids was carefully

charred in an electric furnace, the, temperature being kept below 600° C. in

order to guard against volatilization of sodium chlorid. The charred mass was
extracted with hot distilled water, filtered, washed, and the residue then

ignited in the original dish. The filtrate was then transferred to the dish,

evaporated to dryness, dried at 150° C. for several hours, and finally ignited

for a short time at a temperature under 600° C. The dish was covered during

ignition to avoid loss by decrepitation. Correction was made for the sodium

chlorid content of the ash.

Hodium chlorid.—The ash was extracted with hot water, the filtrate made
to volume, and sodium clilorid was determined in an aliquot portion by means
of a standard solution (»f silver nitrate, with potassium chromate as an

indicator.

Orfjanic cxtrnrt was obtained by substracting the percentage of ash from

that of total soliils.

Total ffohihUi ni(rof/rn was determined in 100 c. c. of the extract by the

Kjf'Ida ill -Oil lining method.

('oafjulal)lf; nilrof/m.—One liiiiidn'<l ciihif (•cndiiietcrs of extract was trans-

ferred to a 150 c. c. )»eaker, lieated on a steam bath until the protein had

eoagulaterl, and tlien neutralized to litnniH paper by the addition of a standard

solution of sorlium hydroxid. Tlie solutirm was then heated on the steam l)ath

until tlie original volume had be<*n roduce<] by about one-third, after which it

was filtered an<l th<> jtrecipitate washed with hot water until free from sodium

chlorid. Nitrogen was then determined in the precipitate.
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Proteose nitrogen wiis determined by the method of Baumann and Boiner

(1898). Five hundred cubic centimeters of extract was heated on a steam bath

to coagulate the protein, then neutralized to litmus paper by the addition of a

standard solution of sodium hydroxid, and finally concentrated to about two-

thirds of the original volume. The solution was then transferred to a 500 c. c.

flask, cooled, made to volume, and filtered ; and 400 c. c. of the filtrate Avas

concentrated on a steam bath to about 30 c. c. Particular care was taken that

the solution did not evaporate to dryness. To remove any coagulable protein

that might have separated out during the concentration, the solution was fil-

tered and the precipitate washed. The filtrate was then transferred to a 150

c. c. beaker and made up to 50 grams in weight. One cubic centimeter of 1-4

sulphuric acid and zinc sulphate in slight excess of the amount required to

saturate the solution were added. The solution was stirred at intervals to

insure complete saturation, and after 24 to 48 hours was filtered and the pre-

cipitate washed free of sodium chlorid by means of a saturated solution of

zinc sulphate acidified with 2 c. c. of 1—4 sulphuric acid to 100 c. c. of solution.

Nitrogen Avas determined in the precipitate.

Amino nitrogen.—The term " amino nitrogen " is here applied to the nitrogen

liberated from the noncoagulable portion of the 0.9 per cent sodium chlorid ex-

tract by the action of an excess of nitrous acid. Part of this nitrogen may or

may not be derived from substances other than amino acids. Certain it is, how-

ever, that the greater the degree of proteolysis that a protein substance under-

goes, the more nearly will its split products resemble a mixture of amino acids,

and the greater will be its yield of free nitrogen when acted upon by nitrous

acid. The prime object of this determination, therefore, was merely to obtain

in a simple way comparative data as to the degree of proteolysis that had taken

place in the various samples as judged by the amounts of nitrogen yielded by

their reacting amino groups.

For this purpose .500 c. c. of the extract was measured into a 600 c. c. beaker,

heated on a steam bath to coagulate the proteins, and after having been neu-

tralized to litmus paper, vvas evaporated to about 330 c. c. The solution and

coagulum were quantitatively transferred to a 500 c. c. volumetric flask, cooled,

diluted to the mark, and filtered. Four hundred cubic centimeters of this

filtrate was measured into a suitable beaker and evaporated to about 25

c. c. on a steam bath, after which the concentrated solution was quantitatively

transferred to a 100 c. c. beaker and further concentrated to a volume of about

10 c. c' The final concentrate was then quantitatively washed into a 25 c. c.

volumetric flask, cooled, diluted to the mark, and filtered to remove any addi-

tional coagulum that might have formed. A 10 c. c. aliquot of this filtrate was
used for the determination of amino nitrogen.

The amino nitrogen was estimated by the method of Van Slyke (1912) in

the apparatus designed for that purpose. The 10 c. c. aliquot mentioned above

was introduced into the reaction compartment in the presence of an excess

of glacial acetic acid and potassium nitrite and the absence of air ; the nitrous

oxid and carbon dioxid formed were absorbed from the mixture of gases by

means of an alkaline solution of potassium permanganate in a gas pipette and

the residual nitrogen was measured in a nitrometer with the customary pre-

cautions. Although octyl alcohol was used to reduce foaming in the reaction

compartment, it was found impossible to shake the mixture continuously for

five minutes as prescribed by Van Slyke. The reaction period was therefore

lengthened from 5 to 20 minutes, and the uniform practice was adopted of

1 An evaporating dish was found to be unsuitable for tbis purpose, since the solids left

upon its walls, as the level of the liquid recedes, are subjected to superheating that may
vitiate the results.
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shaking the apparatus for 2 minutes each at the beginning, in the middle,

and at tlie end-of the reaction period.

The results of this determination are reported in terms of percentages of

elementary nitrogen.

Acidity was determined by titrating 100 c. c. of the extract against tenth-

normal sodium hydroxid, using phenolphthalein as an indicator. Results are

calculated in terms of lactic acid.

Total soluble pJiosphorus.—For this determination, 100 c. c. of the 0.9 per

cent sodium chlorid extract was used. The method of determination was iden-

tical with the method used for the estimation of total phosphorus.

Soluble inorganic pliospliorus was determined by the method of Chapin and
Powick (1915), which consists essentially in the removal of the protein mate-

rial by means of picric acid and the subsequent double precipitation of the

inorganic phosphorus from an aliquot of the filtered picric acid solution, first,

as magnesium ammonium phosphate and afterwards as ammonium phospho-

molybdate according to the method of Lorenz (1901). "Modification B" of

this method was used, no correction being made for the volume of the picric

acid coagulum. For the sake of brevity the details of this method must be

omitted. A complete description will be found in the original article by Lorenz.

The results are reported in terms of percentages of elementary phosphorus.

Soluble organic phospliorus.—The percentage of soluble organic phosphorus

was obtained by subtracting the percentage of soluble inorganic phosphorus

from that of total soluble phosphorus.

co:mpositiox of differext muscle bundles from a hind quarter of
A STEER.

The original plan for the conduct of the autolysis experiment was

to determine the changes taking place in individual bundles of

muscles; but in practice it was found in the course of some unre-

ported work that it would be impracticable to obtain a sufficient

number of sterile samples by this procedure. This plan was there-

fore abandoned and it was decided to take the samples for incubation

at random from the muscular portions of the round of the hind

quarter, and then to determine the composition of the fresh material

by anal3'zing a composite sample taken from many parts of the round.

It was recognized that there might be slight differences in the

composition of the different muscle bundles, a fact that would need

to be taken into consideration in interpreting the results of an autoly-

sis experiment conducted according to our plan. For this reason

the composition of five of the more important bundles of muscles

from the round of a fat .steer was determined. The quarter of beef

had been held in cold storage at 32°-34° F. for 48 hours previous to

disscfting out tlie muscle bundles, and .samples prepared for analysis

were held in cold storage for an additional period of 24 hours,

making a total of 72 hours' .storage before analytical work was

start<'(J.

TaljJcs 1 U) •> inclusive; .siiow the roinixisition of (ivc muscle bundles

from the hind (juarter of the steer. 'J'abJes 1 and 3 show the com-
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position of the tissues and of a sodium chlorid extract of the tissues

expressed in terms of percentages of the fresh material. On account

of the variation in the moisture and fat content of the different

muscles that may be noted in Table 1, these two tables do not show

the true relative composition of the muscles as w^ell as do Tables 2, 4,

and 5, where the results have been calculated to a moisture free and

fat-free basis. A detailed discussion of the data in these tables does

not seem to be necessary.
r

Table 1.

—

Composition expressed in terms of percentages of fresh material.

Serial

No.

100
101
102
103
104

Description of sample.
Stor-
age

period.

Semimembranosus muscle
Biceps femoris muscle
Vastus externus muscle. ..

Semitendinosus muscle
Rectus femoris muscle

Hours.
48
48
48
48
48

Moist-
ure.

74.95
75.60
75.56
75.89
75.87

Fat.

2.21
1.89
1.51
1.81
1.34

Ash.

1.08
1.07
1.09
1.10
1.09

Total
nitro-
gen.

3.51
3.33
3.38
3.38
3.32

Am-
moni-
acal
nitro-
gen.

0. 0086
.0088
.0076
.0093
.0087

Phosphorus.

Total.

0.210
.208
.204
.206
.201

Solu-
ble.

0.167
.161
.160
.164
.158

Insol-
uble.

0.043
.047
.044
.042
.043

Table 2. -Composition expressed i7i terms of percentages of moisture-free and
fat-free material.

Serial
No.

Description of sample.
Stor-
age

period.

Moist-
ure,
fat-

free

basis.

Ash.
Total
nitro-
gen.

Am-
moni-
acal
nitro-
gen.

Phosphorus.

Total.
Solu-
ble.

Insol-
uble.

100
101

Semimembranosus muscle . . .»

Hours.
48
48
48
48
48

76.64
77.05
76.72
77.29
76.90

4.74
4.75
4.75
4.93
4.79

15.35
14.77
14.74
15.16
14.57

0.0375
.0393
.0332
.0418
.0384

0.918
.923
.890
.922
.882

0.733
.714
.696
.735
.694

0.185
.209

102 .194
103 Semitendinosus muscle .187
104 Rectus femoris muscle .188

Table 3. -Composition of 0.9 per cent sodium chlorid extract of meat expressed
in terms of percentages of fresh material.

-d

i
>

1 d

Nitrogen. Phosphorus.

S) <B

0-.

1
6

Description of sample.

ft
S 1 <6

2 3 'i a>.g ^
% 03 t^ p S ^

3 § o ^
3 M

o
3

.s 2
o 5

o A
£?

2o o ^ g % |
o O

3

m m EH < o < H O '/^ Ph < H M m

Hours.
100 Semimembranosus muscle 48 7.48 1.16 6.32 0.86 1.001 0.539 0.462 0. 029 0.0900 0. 167 0.109 0.058
101 Biceps femoris muscle . .

.

48
48

7.42
6.84

1.17
1.07

6.25
5.77

.78

.80
.981
.907

.545

.475
.436
.4.32

.024

.025
.0896
.0864

.161

.160
.099
.106

06'^

102 Vastus externus muscle .054

103 Semitendinous muscle 48 7.15 1.08 6.07 .79 1.001 . .551 .45C .019 .0855 .164 .106 .058

104 Rectus femoris muscle 48 6.75 1.02 5.73 .68 .877 .453 .424 .016 .0905 .168 .110 .048
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Table 4.

—

Composition of 0.9 per cent sodium chlorid extract of meat expressed
in terms of percentages of moisture-free and fat-free m,aterial.

'6

>

1 d

Nitrogen. Phosphorus.

,2 O
a

_o

6
Description of sample.

ft
o

2
o

;2
"3

o J3
1

1
i
."2
'3

9

3
o 03

3
9
to

8
§

i
o

o

d
a

a

1
o

"3

O o

o

3

02 M .
H <1 O < H .a 'A p^ < H 02 CQ

Hours.
100 Semimembranosus muscle 48 32.73 o.0« 27.65 3.77 4.38 2.36 2.02 0. 125 0. 3940 0.733 0.475 0. 258
101 Biceps femoris muscle 48 32. 95 5 "^O 27.75 3 46 4 36 ? 4? 1.94 107 .3977 714 440 ?74
102 Vastus externus muscle 48!29.83 4.6-) 25.18 3.49 .3.96 2.07 1.89 .109 .3768 .696 .461 . 235
108 Semitendinosus muscle 48 32. 06 4.82 27.24 3.54,4.49 2.48 2.01 .08,5 .3835 . 735 .475 .260
104 Rectus femoris muscle 48 29.62 4.48 25.14 2.99 3.85 1.99 1.86 .070 .3971 .694 .483 .211

Table 5.

—

Distribution of nitrogen and phosphorus, expressed as percentages of
total nitrogen and total phosphorus.

Description of sample.
_o

O)

ft

p
CQ

Nitrogen. Phosphorus.

6

"3

o
Eh

2
3

1
"3

§

g
a
o
S5

o
2
o

"3

i
"3

o
E-i

6

1
a O

O
a

O
m

d

1
O
,2

d
om

100
101

102
103
104

Semimembranosus muscle.
Biceps femoris muscle
Vastus externus muscle. .

.

Semitendinosus muscle
Rectus femoris muscle

Hours.
48
48
48
48
48

100.00
100.00
100.00
100. 00
100.00

28.53
29.52
26.87
29.62
26.42

15.37
16.38
14.04

16.36
13.66

13.16
13.14
12.83
13.26
12.76

0.814
.724

.739

.561

.480

2.57
2.69
2.56
2. .53

2.73

0.244
.266
.225
.276
.263

100.00
100. 00
100. 00
100. 00
100. 00

20.19
22.67
21.83
20. 2S
21.27

79.81

77.33
78.17
79.72
78.73

51.73
47.65
51.80
51. 53
54.75

28.08
29.68
26.37
28.19
23.98

CHEMICAL CHANGES TAKING PLACE DURING ASEPTIC AUTOLYSIS OF BEEF.

Tables 6 to 11, inclusive, show the chemical changes which took

place in 9 samples of the muscular tissues from a hind quarter of a

steer that Avere incubated at 37° C. for periods ranging from 7 to

100 days.

Table G shows the composition of the tissue expressed in terms of

percentages of the original material. On account of variations in

the moisture content of the samples, due to losses by evaporation

(hiring incubation, and because of appreciable variations in the fat

content of the samples, the data do not show the true extent of the

changes which took place in tlie composition of the material during

autolysis, a better compreliension of which may be obtained from

Table 7, which .shows the composition of the samples expressed in

terms of moisture-free and fat-free material.

MoiHtare^ fat-free hanln shows a fairly regular decrease as tlie

period of incubation increases, the sample incubated 100 days con-

tiiining 7i^.0l per cent, sis coni|)ai'ed with 70.0i per cent in the fresh

material.

ccsor— r.ull. V.V.\—M 2
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Ash.—This constituent shows no regular changes, as was to have

been expected.

Total nitrogen.—This constituent shows some irregular changes,

but the fact that there are apparent increases as well as decreases in

the nitrogen content of the incubated samples, as compared with the

fresh material, indicates that the differences are without significance.

Total phosphorus.—The slight and irregular apparent changes

in this constituent would seem to be due to differences in the phos-

phorus content of the different muscle bundles from which the

samples were taken. By referring to Table 2 it may be noted that

the differences in total phosphorus content of the various muscle

bundles are approximately of the same size as the apparent changes

in the phosphorus content of the muscles noted in Table 7. There is

a peculiar regularity in these changes, however, that is hard to ex-

plain and which will be referred to later.

Other jorms of phosphorus.—Inasmuch as the several samples

used in this experiment differed in respect to their total phosphorus

content, they must also have contained different initial amounts of

one or more of the several groups of phosphorus compounds. The
difference between the amount of a given form of phosphorus present

in the composite sample and the amount present in an incubated

sample, therefore, can not legitimately be taken to represent the

exact amount by which that constituent changed during incubation.

Presumably the initial ratio of a given form of phosphorus to total

phosphorus is more nearly constant throughout a given carcass than

is the actual percentage of the given form of phosphorus; so that in

the present experiment a more nearly accurate measure of the autolj'^tic

changes would seem to be afforded by the difference between that

ratio in the composite fresh sample and the corresponding ratio in the

incubated sample. The changes effected by autolysis in the various

forms of phosphorus will therefore be discussed in connection with

Table 11, where the data are presented in the form indicated.

Table 6.

—

Co7nposition expressed in terms of percentages of fresh material.

Serial

No. Description of sample.
Stor-
age

period.

Incu-
ba-
tion

nod.

Mois-
ture.

Fat. Ash.
Total
nitro-

gen,

Am-
moni-
acal

nitro-
gen.

Phosphorus.

Total.
Solu-
ble.

Inso.
uble

109

110
111
112
113
120
121
122
124
125

Composite sample, left hind
quarter

Sample No. 22
Sample No. 17
Sample No. 11

Sample No. 12
Sample No. 33
Sample No. 18

Sample No. .32

Sample No. 3
Sample No. 2

Hours.

24
24
24
24
24
24
24
24
24
24

Daps.

7
14
21
28
42
64
77
93
100

74.90
74.73
73.32
74.13
72.69
72.25
72.69
70.62
71.31
70.76

2.23
2.51
4.11
2.48
3.51
3.03
3.44
3.90
2.95
2.59

1.11
1.14
1.12
1.19
1.09
1.17
1.18
1.20
1.27
1.27

3.49
3.57
3.51
3.62
3.46
3.67
3.42
3.74
.3.68

4.06

0.0087
.0185
.0225
.0254
.0349
.0365
.0509
.0476
.0588
.0629

0.206
.213
.207
.221
.209
.219
.208
.225
.225
.235

0.164
.190
.193
.205
.193
.207
.196
.217
.215
.231

0.042
.023
.014
.016
.016
.012
.012
.008
.010
.004
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Table 7.

—

Codiposition expressed in tei-nis of percentage of moisture-free and
fat-free material.

Serial

No.
Description of sample.

Stor-
age

period.

Incu-
ba-
tion

riod.

Mois-
ture,

fat-free

basis.

Ash.
Total
nitro-

gen.

Am-
moni-
acal
nitro-

gen.

Phosphorus.

Total.
Solu-
ble.

Insolu-
ble.

109 Composite sample, left hind
quarter

Hours.
24

24

Days.

7

76.61
76.66

4.85
5.01

15.26
15.69

0. 0382
.0815

0.899
.938

0.718
.836

0.181

110 .102

Change .... 7 -1-0.05 +0.16 +0.43 +.0433 +.039 + .118 —.079

Sample No. 17111 24 14

14

76.46
-0.15

4.96
-1-0.11

15.55
+0.29

.0996
+ .0614

.918
+.019

.855

+ .137
.063

-.118

Sample No. 11112 24 21

21
76.02
-0.59

5.09
+0.24

15.48
+0.22

.1084
+.0702

.947
+ .048

.877
+ . 159

.070
Change —.111

Sample No. 12113 24 28
28

75.33
-1.28

4.58
-0.27

14.54
-0.72

.1464

+. 1082
.878

-.021
.811

+ .093
.067

—.114

Sample No. 33120 24 42
42

74.52
-2.09

4.73
-0.12

14.85
-0.41

.1478
+ .1096

.886
-.014

.835
+ .117

.050
Change —.131

Sample No. 18121 24 64

64
75. 28
-1.33

4.94

+0.09
14.33
-0.93

.2134
+. 1752

.872
-.027

.823

+ .105
.049

—.132

Sample No. 32122 24 77

77

73.48
-3.12

4.71
-0.14

14.68
-0.58

.1868
+. 1486

.884
-.015

.850
+.132

.034
Change —.147

Sample No. 3124 24 93
93

73.49
-3.13

4.93
+0.08

14.30
-0.96

.2284
+. 1902

.875
-.024

.835
+ .117

.040
Change —.141

Sample No. 2125 24 100
100

72.64
-3.97

4.76
-0.09

15. 23
-0. 03

. 2362
+ . 1980

.882
-.017

.867
+.149

.015
Change —.166

Table 8 shows the composition of the 0.9 per cent sodium chloricl

extract of the meat expressed in terms of percentages of the original

material ; but the changes in the composition of the extract are shown

more clearly in Table 9, where the results are calculated in terms of

percentages of the moisture-free and fat-free material. Table 9

shows the composition of the 0.9 per cent sodium chlorid extract of

the samples expressed in terms of moisture- free and fat-free material.

Total solids.—The data for total solids show some striking pecu-

liarities. The samples incubated for 7, 14, and 21 days show de-

creases amounting to 4.54, 2.89, and 3.75 per cent, respectively, while

the samples incubated for pci'iods ranging fi'om 28 to 100 days

show fairly regular increases varying from 3.G2 to 8.77 per cent.

The probal)le reasons for these irregular changes in total solids will

be discussed in connection with soluble nitrogen, Table 10.

Ash of extract.—There is a fairly marked increase in this constit-

uent in the incubated samples as compared with the fresh material,

but the extent of the increase Ix'ai's no I'clation to tlie length of the in-

cubation period. In tin; cobiuin headed " Total soluble phosphorus "

increases may be noted in that constituent that go to confirm and

explain the increases in ash of exti-act. The inci-easc; in ash of vx-

iY'.ici is ap])arently due, in large part at least, (o (he chatige. of itisolii-

bl(^ pliosj)lionis coinpoutKls (j/robably organic) (o soluble forms.

'J'Ik; cause and miture of these changes will be discussed in connec-

ti<m with changes taking ]>lace in the phosphorus compounds.
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Organic extractives were determined by subtracting the percent-

age of ash from that of total solids. The same general changes may
be noted in this constituent as have previously been noted in case of

total solids.

Acidity.—The samples incubated for 7, 14, and 21 days, respec-

tively, show practically no changes in acidity ; while the samples in-

cubated for longer periods show quite marked increases, ranging

from 1.18 per cent in case of the sample incubated 42 days to 1.87

per cent in case of the sample incubated 77 days. It is of interest

to note that the marked increases in acidity that took place in the

samples incubated for periods ranging from 28 to 100 days are ac-

companied by rather marked increases in organic extractives and

total soluble nitrogen, which would indicate that the acid-forming

and the proteolytic enzyms were most active at the same time. The
presence of autolytic acid-forming enzyms in various body tissues is

well knoAvn. (See Inouye, 1908, and Vernon, 1910.) Such enzyms

produce both volatile and nonvolatile acids, among which are lactic,

succinic, formic, acetic, and butyric. The action of lactic acid pro-

ducing enzyms appears to have been studied most extensively.

Total soluhle nitrogen.—This constituent exhibits changes similar

to those previously noted in case of total solids and organic extrac-

tives. The sample incubated for 7 days shows a marked decrease in

soluble nitrogen that amounts to 0.895 per cent ; samples incubated for

14 and 21 claj^s show gradually reduced decreases ; while samples in-

cubated for periods ranging from 28 to 100 days show gradual in-

creases in this constituent. It is of interest to note that the decrease

in soluble nitrogen in the case of the sample incubated 7 days, which

amounts to 0.895 per cent, is nearly as gi-eat as- the increase in soluble

nitrogen in the case of the sample incubated 100 days, which amounts

to 1.005 per cent. It is apparent that there was at first a rapid de-

crease in soluble nitrogen, as noted in case of the sample incubated 7

days, while subsequently the change was in the other direction,

although in the case of the samples incubated 14 and 21 days the re-

versal in direction is apparent only when the results are compared

with those from the sample incubated 7 days.

The probable causes of these changes will be discussed in connection

with the nitrogen data in Table 10.

Coagulahle nitrogen.—There is a marked decrease in the coagulable

nitrogen of the samples as the period of incubation increases. The
fresh material contains 2.715 per cent coagulable nitrogen, while the

sample incubated 100 days contains only 0.536 per cent, so that the

decrease amounts to 2.179 per cent. The causes of these changes will

be discussed in connection with Table 10.

Noncoagulatle nitrogen.—The data for noncoagulable nitrogen

show a fairly regular increase in this constituent throughout the

course of the experiment, but the rate of increase varies considerably
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with the samples incubated for dif-

ferent periods of time. The maxi-

mum increase in noncoagulable ni-

trogen, which occurred in the sam-

ple incubated for 100 days, amounts

to 3.184 per cent, while the corre-

sponding increases in total soluble

nitrogen amount to only 1.005 per

cent, so that the transformation of

insoluble muscle protein into solu-

ble forms was only about one-third

as great as the change of soluble

coagulable protein into noncoagu-

lable forms.

Proteose nitrogen.—There is a

comparatively small amount of

proteose nitrogen present in any of

the samples. The most rapid in-

crease in this constituent took place

in the sample incubated 7 days,

while the sample incubated 64 days

shows the greatest increase. The
sample incubated 100 days contains

less proteose nitrogen than that in-

cubated 7 days.

Amino 7vltrogen.—The changes

in amino nitrogen will be discussed

in connection with Table 10, where

they are shown more clearly.

Phosphorus compounds.— The
changes in the soluble phosphorus

compounds will be discussed in con-

nection with Table 11, for reasons

that have already been indicated.

Table 10 shows the distribution

of nitrogen and phosphorus com-

pounds in the various samples re-

ferred to 100 parts of oach constit-

uent in the fresh material.

Total nitrogen.—As has been pre-

viously noted, there are some slight

and irregular changes in this con-

stituent,* which are apparently

without .significance.
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Soluble nitrogen.—The data under this heading simply show more
clearly changes that have been previously discussed in connection

with Table 9. There are at first marked decreases in the soluble

nitrogen in the samples incubated for 7, 14, and 21 days, after which

there are gradual increases in this constituent as the incubation

period progresses. The total increase in the sample incubated 100

days amounts to 22.12 per cent of the soluble nitrogen present in the

fresh sample. This increase is practically the same as the decrease

in soluble nitrogen in the sample incubated 7 days.

The increase in soluble nitrogen in the incubated samples is

clearly due to the action of a proteolytic endoenzym, capable of at-

tacking native proteins and of working in an acid medium. The
presence of such an enzym in muscular tissues, as well as in other

bodj" tissues, is generally recognized. Vernon (1910) names such an

enzym " protease." A discussion of the factors limiting the total

extent of the action of this enzym upon the insoluble muscle proteins

is hardly within the province of this paper.

The decrease in soluble nitrogen in case of the samples incubated

for 7, 14, and 21 days is harder to explain. The following appears

to be the most reasonable explanation of this condition. It is a well-

known fact that muscular tissue contains a much higher proportion

of soluble protein before rigor mortis has set in than after that

process is complete. Oppenheimer (1909) cites experiments where

87.3 per cent of the total protein of muscular tissue was found in

soluble condition before rigor mortis had set in, while only 28.5 was

present in the soluble form after rigor was complete. In our experi-

ments the fresh material was analyzed 24 hours after slaughter of

the animal, at which time rigor mortis was assumed to be complete.

The fact that the samples incubated for 7, 14, and 21 days show de-

creases in total soluble nitrogen as compared with the fresh material,

indicates ver}' clearly that rigor mortis was not complete when the

fresh muscular tissue was analyzed. It may be noted that while the

samples incubated for 7, 14, and 21 days show decreases in total

sohible nitrogen, as compared with the fresh material, the maximum
decrease was reached in case of the sample incubated 7 days, and

from that time on the change was in the other direction. This fact

indicates that the coagulation of muscle proteins, which accompanies

rigor mortis, was complete at the end of 7 days and probably at an

earlier date.

f'oaf/vlohle nitrogen.—There is a marked d('(;rease in this constitu-

ent (lur-jng the course of the exf)erinient, the dcci-case being most

r;i|)l(| (luring the first 7 days. The sample incubated foi- 100 days

ffjiitains only 19.70 per cent of the amount of coagiilaldc protein in

the fi-esh sarnph*. However, these figures do not show tlici lull exl-cnt

of the tiiinsforniation of coagulable protein into noncoagulable
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forms, since there is a gradual increase in the total soluble protein

during the experiment (except in the case of the samples incubated

7, 14, and 21 days), whereas the comparisons are based upon the

amount of coagulable protein present in the fresh material. The
data under the heading " Noncoagulable nitrogen " show more clearly

the true extent of the transformation of coagulable protein into non-

coagulable forms.

The change of coagulable protein into noncoagulable forms may
be ascribed to the action of the enzym protease, which also acts upon
the insoluble muscle proteins.

Noncoagulable nitrogen.—There is a practically continuous in-

crease in the noncoagulable nitrogen throughout the course of the

experiment; the entire increase amounting to 173.82 per cent, as com-

pared with a decrease of 80.24 per cent in the coagulable nitrogen

during the same period.

Proteose nitrogen.—The most rapid increase in this constituent

occurs during the first seven days of the experiment, though there

are some greater increases after that time. The sample incubated

for 100 days contains only slightly more proteose nitrogen than the

sample incubated for 7 days, and not as much as several of the

samples incubated for intermediate periods. These data indicate, in

conformity with the well-known fact that proteoses are simply inter-

mediate products in the autolysis of muscle proteins, that there is

no appreciable accumulation of proteose nitrogen during autolysis.

It is very apparent that the amount of proteoses in muscular tissue

is not a true measure of protein autolysis.

In the light of present information, proteoses may be regarded as

a product of the action of the enzym protease upon muscle proteins.

Amino nitrogen.—The changes in amino nitrogen effected by the

autolysis are very interesting in that each change is in the nature of

a pronounced increase, and thatfeach successive increase is larger than

its predecessor, until, in the sample that was incubated for 100 days,

the amount of amino nitrogen is more than eight times as large as

that in the nonincubated sample. In a general way, the rate of in-

crease diminishes as the incubation period is lengthened, since more

than one-half of the total increase occurs during the first 28 days of

autolysis.

The increases in amino nitrogen represent an accumulation of the

end products of proteolysis, and furnish an excellent index of the

extent of protein autolysis. They are produced by the combined

action of various proteolytic enzyms—protease and erepsin in par-

ticular—upon the muscle proteins and their cleavage products.

Ammoniacal nitrogen.—The data show an almost continuous in-

crease in this constituent during the entire experiment. In general,

the increases in ammoniacal nitrogen follow those in amino nitrogen,
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though they seem to be more nearly

in conformity with a reguhxr rule.

On the whole, the rate of ammonia
production decreases as the am-

monia accumulates; yet in view

of the small amounts in which this

constituent is present (see Table

9), it Avould seem that the am-

monia is but an index of the re-

tarding agent and not the retard-

ing agent itself.

The production of ammonia is
^

clearly due to enzym action, but

the nature of the specific enzym
and of the mother substance re-

mains to be determined.

Table 11 shows the distribution

of nitrogen and phosphorus ex-

pressed in terms of percentages

of total nitrogen and total phos-

phorus.

Soluble nitrogen constitutes 29.8

per cent of the total nitrogen in

the fresh material, 23.28 per cent

in the material incubated for 7

days, and 36.45 per cent in the

sample incubated for 100 days.

The decrease in the ratio of solu-

ble nitrogen to total nitrogen in

the samples incubated for 7, 14,

and 21 days confirms similar data

presented in Table 10.

Coagulahle nitrogen makes uj)

17.79 per cent of the total nitrogen

in the fresh material and only 3.52

per cent in the sample incubated

100 days. More than 80 j^er cent

of the coagulable nitrogen present

in the fresh material has been con-

verted into noncoagulable foi'ins.

ProteoHe nitrogen constitutes a

relatively sinall i)r()))ortion of the

total nitrogen both in the fresh and

in tJK! incubated material.



26 BULLETIN 433, U. S. DEPARTMENT OF AGRICULTURE.

® t^-* is ^^ 00 00 ,_^ S o o •* OS * ^_^ ^ CI o ^ lo ,

s , « 00 o t^ (N OS o IM (M OS 00 t^ t- OS ii; o S ds

lsg
mro t o cc lo CO t^ =s CO o irf lO ira Tii U3 "3
<N t^ CD r^ r^ 00 t-

m M 1 1 1 1 1 1 1 1 1

o l^-H 00 o b- lO m ^ „ IM OS •* OS '^1 uz c O t^3 u ^ Ci lO t-- 02 m o CO 00 I-': <J 5 Ol CO a- u=

"5 o'q lOiO c CD tr. lO ^ tC 00 X c o O" C^ lO

l-^S
ITS 00 to 00 00 in 00 00 00 lO OS o- o- O

+ + 4 4 +11 4 +
li

4
II

4-

d ^lO o r- O cq ^ m 00 o o i-t c en i> 00 "* »o

2
s

CO r^ o o ^ b- M C] CO —I CO ^ ^ IC o
^ OJoi ^ co cr rs c^^ tr. •* a. -Jl a CD o ir- o^ oc CO

t~co (33 03 OJ OS OS OS CO o a- CO

o + + 4 4 + + 4 4 11
4-

J3 II

03 OiO 00 1 M M t- o OS „ CO o c Tt< ^ rr: „ c^ os^00 00 M * lO w CC r- l> X li: t^ eq

p1
O

oo to CD CO I>. oo r- 1^ CO ^ CO ^ '* t^
(M^

1

CO

1

CO

1

o
1 1

l>

1

oc

1 1

OS

1

OO o Q o O o o c o c o c c c o o
'c3

o o o O o O o o o o c o c o c c o
oo o ^ o o o o o c o c ^ c — d lie dO oo ° O c o ^ - c

6_; lO C^l ^ o ^ o h- c 1 .^
0)iO o c s <T o b- oc Tt C'- cs IT CO T 1^

o t-- ^ a~ ^ C-) r^ u- ,_ cr ^ 00 — OSo u: t> o o- o- c CO
c^ ^ "^ IT u5

+ + 4 4 4 4 4 4 11 4
d
.3

a
<

•*in c in c
J-

ut OS ^ t^ II CD
OlOl *

s
oc <? t- t C^ T- c** CC oc o

II
oc o

<NCO ^ la lO oc c- If ^ •* CO tf (^ I> -^ OC ^
t-^ IC ^ C;. lO r- •<*^ CO t^

+ 4 _^ 4 _jf 1 4 H^ 4 4
««= 00 IC CD b- ir ir u^ c- C3- o II .r

2i
•*cs oc 00 lO ff-- o Tt * c oc oc O lie; o
dt-( 25 ^ O ;; cq r- c^ t^ ^ -2 ^ CO 11^ •ai

o p: u oo
cc C^ c^ Cd 5 c^ CO II CO

d

+ 4 4 4 _ J: 4 4 4 II 4
T-H »-H M b* 05 oc ^ c 1> c •^ 1-^ o- cr oik ^^

o
o w 00 c in ir c o- c^ c •« ^

II
o CO

(m'« c b-
?P

t-* CC h- t^ i^ ^ oc ir c ,r (> Cs *
h ^ C<1 cq c^ c<- c* ^ c^ F^ c' t^

g
Q'—

4 4 4 4 4 4 4 4 +
, CKt^ tc c= cc * c ^^ IT c^ J- ^ c£ OS o ^^

Ir^ 05 o 5 c^ o- i> 1 o oc o- iT o yr Ol

t^o>
3

00 oc ir. oc u: CD o- b- "» U- J, OS c^ dz i-'7 CD t- t^ t^ 00

c — 1 1 1 1 1 1 1 1

II

1

aj OOO o> cc b- Til la 1-- OC f c a- -^ 00 II u- CO

2
3

00 (M oc t-- O a- OS c- a- c ^ CO

oi po ^ lO Ol c CD 1 C<1 i> u- t^ ^ cq
CSIM C-) cq CO « « c- C c s CM

1 7 7 7 4 4 4 4 4

oo ^ ^ o o c J- c c c c c c c ^ c c o
"3 oo o o o c o c c o c c c c c c c c o

oo c o c c (3 c c c c c c c c c dO oo c o c c
^ '" " '"

ill
C c3 S1-1^

ft

=^
°'~" t-- * Tt oc oc Cd Cd s

•^ t^ t^ ^ c o
? ? <N o •>t CC t- t> o a o

1^
«--*•* o Tf c * c * c * c •<* c •« c ^ c •<t o
gcq<N (N <N CO cq CO CO

li :§

u.
<B
+J

C3
s

f2 a"
ft o
a .3

s .rt

o o
H
s

ft "ft
*r^ aiN b- c< a c^

C i"
•^ CC CO CO CO

® ^ c a. c ffi o ffi o c o p o tt o ? o ? o ?1P .§^ ° ^ ' ^ ' ^ t
° ^ bi

' ^ b
' ^ s' ^ bJ

' ^ be
a

S a: s ffl CJ a CQ e <E ® C! c « 03
o,^ i £ •^ x: Si X XI ^ ,£3

&£ ' O e ' o ;:< c "f 1 c "e ^ O "f 1 O "c 1 Q "c ' o "c 1 O
as a g a a E E a E
o <s s 5 cj c ci 03 aow M OQ M CQ OQ cc CO M

oo ^ cq « o (M •^ >o
c3 . Or- Cv ? o c< c^

P



CHANGES IN FRESH BEEF DURING COLD STORAGE. 27

Amijio nitrogen.—In the course of 100 days of autolysis the amino

nitrogen has increased from 2.24 per cent to 18.86 per cent of the

total nitrogen, or from less than one-tenth to more than one-half of

the total soluble nitrogen.

Insoluble phosphorus.—The ratio of insoluble phosphorus to total

phosphorus is seen to be a decreasing function of the time of incuba-

tion, and while the rate of decrease is not entirely regular it will be

seen that, on the whole, the rate diminishes as the incubation period

is extended. At the end of the one-hundredth day of incubation but

1.76 per cent of the total phosphorus remains in insoluble form, as

against 20.16 per cent originally present. These changes may be

considered as due to the action of the enzyms lipase and nuclease

upon the phosphatids and nucleic acids, respectively.

Total soluble phosphorus.—The changes in the ratio of total solu-

ble phosphorus to total phosphorus are naturally equal and opposite

to corresponding changes in the ratio of insoluble phosphorus to total

phosphorus, and have no further significance.

Soluble organic phosphorus.—The figures for the ratio of soluble

organic phosphorus to total phosphorus are peculiar, in that during

the first seven daj^s of autolysis this ratio decreased from its initial

value of 23.87 per cent to its minimum value of 3.64 per cent. This

large initial decrease, however, should not be regarded with sus-

picion, since the continued increase in soluble inorganic phosphorus

indicates the continued cleavage of organic phosphorus that one

would expect. It would appear, therefore, that after the first ener-

getic cleavage of the preformed soluble organic phosphorus com-

pounds, the activity of the phosphatase decreases, and that new solu-

ble organic compounds of phosphorus—cleavage products from the

insoluble fraction—accumulate at a rate that is sometimes greater

than the rate at which they are broken down by the phosphatase.

The possibility, of course, is not excluded that the accumulating phos-

phorus compounds are inherently less susceptible to the action of the

phosphatase than are those originally present in the fresh meat.

Soluble inorganic phosphorus.—Exce]:)t in the case of samples Nos.

112 and 113, the ratio of soluble inorganic phosphorus to total phos-

phorus increases continuously throughout the experiment, until at

the end of tl)e one-hiindredtli (]:iy of autolysis it has attained ii value

of 02.50 per cent, as again.st its original value of 55.97 per cent—more
than three-fourths of the increase having taken place during the first

seen (lays of incubation.

SUMMARY OF RESULTS OF AUTOLYSIS EXPERIMENTS.

Tlie results of the autolysis exi;ei'inients repoi-ted in this paper may
be summarized as follows:

1. Pliysical changes in tlie samples of muscular tissue Avere not

marked, even at the conclusion of the experiment, and consisted
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chiefly of a slight softening of the tissues, an exudation of meat
juices, and a change in color of the meat.

2. Incubated samples developed a characteristic, rather pleasant

odor, similar to that of rare roast beef, the odor becoming more
pronounced as the period of incubation progressed.

A sample which had been incubated 103 days did not prove to

be a palatable food for human consumption.

3. Total soluble extract or total solids showed a decrease early in

the experiment, and later an increase, the total increase amounting

to 8.77 per cent of the amount present in the fresh material.

4. Ash of extract showed appreciable, but not regular, increases,

which correspond roughly with similar increases in total soluble

phosphorus.

5. The acidity of the samples showed appreciable increases, partic-

ularly toward the close of the experiment.

6. The changes which took place in the nitrogenous compounds

consisted, in general, in an increase in total soluble nitrogen and in

a conversion of the higher forms of soluble nitrogenous compounds

into simpler combinations.

{a) Coagulable nitrogen showed a marked decrease, more than 50

per cent of which took place during the first week of the experiment.

The total decrease amounted to approximately 80 per cent .of the

amount present in the fresh material.

(h) Noncoagulable nitrogen increased fairly regularly during

the course of the experiment, the total increase amounting to 173.8

per cent.

(<?) Proteose nitrogen increased rapidly early in the experiment,

and the quantity then remained practically stationary during the

remainder of the incubation period.

{d) Amino nitrogen showed greater actual and relative changes

than any other nitrogenous constituent. This result was to have

been expected, since this constituent represents, in a large degree,

an accumulation of the end-products of proteolysis. The total

increase in amino nitrogen amounted to 740 per cent, and nearly

one-fifth of the total nitrogen was in the amino form at the end

of the experiment.

{e) Ammoniacal nitrogen showed marked and fairly regular in-

creases, the total increase amounting to over 500 per cent, although

this constituent made up only 1.55 per cent of the total nitrogen

at the close of the experiment.

7. Phosphorus compounds showed changes which consisted chiefly

in appreciable increases in total soluble phosphorus and in soluble

inorganic phosphorus, and in corresponding decreases in insoluble

and in soluble organic phosphorus.
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(a) Insoluble phosphorus decreased rapidly early in the experi-

ment and more slowly and fairly regularly during the remainder

of the period, the total decrease amounting to 91.29 per cent of the

amount present in the fresh material as calculated from the ratios

of insoluble to total phosphorus.

(5) Total soluble phosphorus showed increases corresponding to

the decreases in insoluble phosphorus, the total increase amounting

to 23.05 per cent, as calculated from the ratios of total soluble

phosphorus to total phosphorus.

(c) Soluble inorganic phosphorus increased rapidly early in the

experiment, and more slowly toward the close, the total increase

amounting to 65.27 per cent, as calculated from the distribution

figures.

(d) Soluble organic phosphorus showed decreases corresponding

to the increases in soluble inorganic phosphorus, the total decrease

amounting to 75.95 per cent, as calculated from the organic phos-

phoric ratios.

8. There was no development of free hydrogen sulphid during the

course of the experiment.

COLD-STORAGE EXPERIMENTS WITH FRESH BEEF.

PROCEDURE.

The work undertaken in this investigation naturally gToups itself

under two headings, viz, (1) Bacteriological and histological studies,

and (2) chemical and physical studies. The bacteriological and

histological investigations were conducted by Doctor McBryde, and

the chemical and phj'sical investigations by Mr. Hoagland and Mr.

Powick. Organoleptic observations were carried on jointly.

The following general plans were observed in carrying on the

work, and such additional details as seem pertinent will be mentioned

in connection with the individual experiments.

High-grade fat steers were purchased as needed at a local stock-

yard and were slaughtered in the usual manner under the supervision

of one of the writers in a local modern packing house, and were

held there unfler refi'igeration until chilled, usually for 48 hours.

The two hind quarters were then cut from the carcass, carefully

wrapped in cheesecloth and paper, and transported by motor truck

to the cold-storage rooms of the Biochemic Division at the Bureau

of Animal Industry. The trip usually required about one hour. The
rooms referred to were as follows

:

Koom No. 1 ; by fcf-f; by 7 f(H't iiifhos hlpb, wltb overhond bunkor, closed

britK'-roil system of n^frlK'TJitlon, iiml jiuloiriiit ic tcriipcnilurc control. Over-

bcfid mils wen- provWIi'd for lmri;,driK lb(( iiicni. Tliis rooni was used for stor-

ing the beef dosfritK-d In all of tin- following rxporinicrits except one, in which

the beef W»h stored in tb<! fooler of a local packing hou8e.
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Room No. 2 : 6 bj^ 6 feet by 7 feet 4 inches Mgh, witb overliead bunker, closed

brine-coil system of refrigeration, forced circulation of air, and automatic

temperature control. This room was used as a place in which to cut up the

meat and prepare it for analysis, and for certain laboratory work which
required a low temperature.

As soon as the beef was received from the packing house it was
placed in cold-storage room No. 1, unwrapped, weighed, and hung
up. During each storage experiment the temperature of the room
was recorded continuously by means of a recording thermometer. It

was the aim to keep the temperature at 32° to 36° F., but the exact

temperature range will be stated in connection with each experiment.

The humidity of the room was determined once each week by means

of a sling hygrometer, and observations as to the condition of the

meat were made at the same time. Each quarter of beef was weighed

at the end of the period of storage.

BACTERIOLOGICAL AND HISTOLOGICAL STUDIES.

In the bacteriological study of the carcasses the two main ques-

tions investigated were: (1) Whether bacteria are present in the

muscular tissues of beef animals which have been passed as normal

after careful ante-mortem and post-mortem examination, and (2)

whether the bacteria and molds which grow on the surfaces of cold-

stored meats penetrate the meats to any marked degree during vary-

ing periods of storage.

With regard to the second question, there are two methods by
which the surface bacteria might penetrate the meats, namely, (1)

by direct growth or extension into the muscular tissues or (2) by
growth along the tendinous sheaths or connective-tissue elements be-

tween the muscle groups. In the present study the latter method

was not investigated and the cultures were always made from the

muscular tissue, avoiding the connective-tissue elements, the idea

being to determine whether the bacteria actually penetrate the mus-

cular tissue.

In examining the quarters bacteriologically the following pro-

cedure was adopted : A slice or section from 3 to 4 inches thick was

cut from the upper portion of the round. From this slice a rectan-

gular block extending from the outer surface to the botie was cut,

as indicated by the dotted line in the diagram (fig. 1). This block,

which measured about 4| by 8 inches and weighed from 6 to 8

pounds, was first immersed in actively boiling water for three

minutes, next in bichlorid solution (0.6 per cent) for five minutes,

and was then wrapped in sterile gauze which had been wrung out

in the bichlorid solution. This was done in order to sterilize the

surface of the meat and to prevent the growth and possible penetra-

tion of bacteria from the outside, pending the taking of cultures.
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It was not always possible to make cultures immediately, but they

were always made within two hours ; and during this time the block

of meat was kept wrapped in the bichlorid gauze and at cold-storage

temperature (3i°-36° F.).

The short immersion in the boiling water served to coagulate the

muscle protein to the depth of from 3 to 5 mm., but did not cause

sufficient elevation of the inside temperature to have any injurious

effect on the bacteria present. A test was made by introducing a

thermometer into a block of meat of the size described above so that

the bulb rested at the center of the meat mass, and there was no

appreciable rise in temperature during the three minutes' interval in

the hot water. The outer zone of coagulated protein served to pre-

vent the penetration of the bichlorid solution into the meat.

Beginning about 1 inch from the outer surface a series of cultures

were taken at intervals of an inch, pro-

ceeding from the outside toward the

bone, and these cultures were num-
bered as indicated in the diagram. In

taking the cultures a series of sterile

scalpels were used, one being used to

cut through the outer or surface por-

tion, and others to make deeper cuts

in order not to carry in any of the bi-

chlorid solution adhering to the sur-

face of the meat. Plugs of meat about

a centimeter square were used in mak-

ing the cultures. Cultures were made

in neutral beef broth and in glucose

agar from which the air had been ex-

pelled by boiling. When clouding occurred in the bouillon cultures,

agar plates were poured and the organisms present were j^lated out.

In 4 of the 7 carcasses studied, a small micrococcus was found. This

organism was not generally distributed throughout the muscular

tissue of any one quarter, but was encountered here and there. The

fact that is was usually found at some distance below the outer sur-

face, together with the fact that it Avas found in the fresh or chilled

(liiarters as well as in the stored quarters, would indicate that it was

present in the carcass at the time of slaughter. In three of the cold-

stored carcasses, those held for 28, 54, and ()3 days, it was encountered

here and there and was not generally distributed through the mus-

cular tissues, which would indicate tluit there had been no multiplica-

tion of the organism during the str)rage of these (luaitcis. In tlu^

quarter wliifh was held in storage for the longest period of time (i. e.,

177 days) the micrococcus was found to be more generally distributed

Fig. 1.—Diagram of a cross section

of a beef round, showing points

at which cultures were taken.
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than in the other quarters. This was probably due to irregularities

in the storage temperature during this experiment, the temperature

rising sufficiently high at times to permit of multiplication of the

organism.

The micrococcus encountered in the carcasses was tested on labora-

tory animals and was found to possess no pathogenic properties. The
absence of pathogenicity is further borne out by the fact that steaks

cut from all of the quarters were eaten by the investigators without

any ill effects.

In addition to the micrococcus described above, a small Gram-
positive bacillus was noted in one of the fresh (i. e., chilled) quar-

ters. This organism grew chiefly along the line of stab, but was not

a strict anaerobe. It also was of no pathogenic significance.

Histological studies were made by taking bits of muscular tissues

at points about 2 inches below the outer surfaces of the rounds.

The tissues were hardened in alcohol, embedded in celloidin, and

sectioned. The sections were stained with hematoxylin and eosin

and examined as to histological structure.

CONCLUSIONS FROM BACTERIOLOGICAL AND HISTOLOGICAL STUDIES.

The following conclusions would seem warranted: (1) Certain

bacteria (chiefly micrococci) may be normally present in the car-

casses of healthy animals slaughtered for beef; (2) these bacteria

possess no pathological significance and do not appear to multiply in

the cold-stored carcasses, provided the cold-storage room is main-

tained at the proper temperature; (3) bacteria and molds grow on

the surface of cold-storage carcasses, but do not penetrate to any

great depth (less than 1 inch in 177 days)
; (4) bacteria apparently

are not concerned in the changes leading to increased tenderness in

cold-stored meats; (5) microscopic sections failed to show any

noticeable histological changes in the muscular tissue after 77 days

of storage.

CHEMICAL AND PHYSICAL STUDIES.

PREPARATION OF MATERIAL.

Shortly after the beef had been received from the packing house

one of the quarters was transferred to cold-storage room No. 2 and
was there cut up into several parts, viz, round, loin, rump, and flank,

which were then prepared for analysis.

Round.—Two cross sections, each about 2.5 inches thick, were cut

from the round, one at the butt and the other at a place about half

way between the butt and the hock joint. These sections were trimmed
free of fat, bone, and connective tissue; the resulting lean meat was
ground three times through a meat grinder ; and samples were trans-

ferred to glass jars which were then tightly stoppered and stored at

34° F. until analytical work was begun.
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RuTnp.—The entire rump was trimmed free of bone and connective

tissue and as free as possible of fat, and the lean meat was then pre-

pared for analysis as above.

Loin.—The loin was first cut into what are known as the short loin

and the sirloin butt. From the first part porterhouse and club steaks

are cut, while sirloin steaks are cut from the second part. Two sec-

tions, each about 2.5 to 3 inches thick, were then cut for analysis.

The first section was cut from the small end of the sirloin butt, the

second from the small end of the short

loin. In the case of the quarters of beef

that had been held in storage, the small

end of the short loin was trimmed free of

meat that had become dried or darkened

through exposure before the section was

cut for analysis.

For the purpose of testing the quality

of the meat, a porterhouse steak about 2

inches thick was cut from the large end

of the short loin.

Flank.—^This cut was analyzed in only

one experiment, because of the fact that

the flank becomes so dry on long storage

that it is difficult to prepare for analysis,

and because it was considered that the

analytical results would not be of great

value.

Fat fsamples.—The following samples of

fatty tissue were taken for analysis: Ex-

ternal fat, intermuscular fat, and kidney

fat.

All external fat was trimmed from

each section of meat cut from the round,

rump, and loin, and a sample of the com-

bined material was taken for examination.

The same practice was followed in case of

the intermuscular fat. The entire kidney

fat was stripped from the loin, cut up into small pieces, and re-

duced to a convenient quantity by quartering. This reduced quan-

tity was ground and a sample of the ground fat was taken for exami-

nation. The sample of fatty tissue of each class was rendered in a

large casserole on a steam bath and the fat was filtered and retained

in bottles for analysis.

.MKTirODH OK ANALYSIS.

Analytical woik on the samples of meat was usually started ap-

[)roxin)ately 15 hours after the meat had been prepared for analysis.

W}801°—I'.ull. 4.'«—17 P.

Fig. 2. — Diagram of a hind
quarter of beef showing (by

numbers) the usual wholesale

cuts and (by letters) the sec-

tions taken for bacteriological

and chemical examination.
Cuts.— (1) Shank; (2)

round; (3) rump; (4,5) loin;

(4) sirloin butt; (5) short

loin ; (6) flank.

Sections.— (a, c) Sections

for chemical examination

;

(b) section for bacteriologi-

cal examination ; (3) rump
taken for chemical examina-
tion ; (d, g) sections taken
from loin for chemical exami-
nation ; (e) test steak; (/)

section for bacteriological ex-

amination.
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The methods of analysis used in these experiments were the same
as those followed in studying the changes that took place in meat

on autolysis, except where changes or additions are noted.

The iocUn number of the fats were determined by means of the

Hanus method.

Refractive indices of the fats were determned at 40° C. by means

of an Abbe refractometer.

Acidity was determined by titrating a weighed quantity of the fat

against standard alkali solution in the presence of hot neutral alco-

hol and with phenolphthalein as indicator.

Rancidity was determined by the method of Kreis, which is as

follows: Shake 5 c. c. of the fat with equal volumes of a 1 per cent

solution of phloroglucin in ether and of concentrated hydrochloric

acid. Eancidity is detected by the development of a pink or red

color, the degree of rancidity being indicated by the depth of the

color.

Quality of meat.—The quality of the meat was judged in part by
appearance, odor, and condition as indicated by handling, but prin-

cipally by sampling portions of well-broiled porterhouse steaks,

which were cut from the fresh quarter of beef at the beginning of

the storage periods and from the corresponding quarter at the end
of the storage periods. The steak from each quarter of beef was
sampled by each of the authors and their individual opinions as to

the quality of the meat were recorded. The judges are recorded as

Mr. A, Mr. B, and Mr. C.

It is recognized that the interval of time between the sampling of

the steaks from the first and second quarters of the same carcass

may result in an inaccurate comparison of the quality of the two

samples ; but no better method of comparison seemed to be available.

EXPERIMENT NO. 1.

HISTORY OF CARCASS.

A " grade " Shorthorn steer, 4-|- years old, of good quality and

fairly well finished, was slaughtered in the usual manner; and the

carcass was run into the fore cooler one hour after the animal had

been killed. The warm carcass Aveighed 815 pounds. The carcass

was held for 18 hours in the fore cooler, where a temperature rang-

ing from 32° to 33° F. and a humidity of 93 per cent prevailed. It

was then run into the main cooler, where it was held for 4^ hours

longer at a temperature of 32° F. The humidity of this cooler was

also 93 per cent. After a total storage period in the packing-house

coolers of 22| hours, the two hind quarters of the carcass were care-

fully wrapped in cheesecloth and paper and transported by motor

truck to the bureau's cold-storage rooms, the trip requiring about

one hour.
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The pacldng-hoiise coolers in which the above carcass and those

used in subsequent experiments were handled may be regarded as

representative of beef coolers in modern packing houses. The over-

head bunker, closed brine-coil system of refrigeration was used. The
coolers were supplied with abundant refrigeration and the circula-

tion of air was very good. On arrival at the bureau laboratories the

quarters of beef were at once placed in cold-storage room No. 1,

which has been previously described, and were unwrapped, weighed,

and hung up. On the next morning, or 43 hours after the carcass

first had been placed in cold storage, the right hind quarter was

taken out and prepared for analysis by methods previously de-

scribed, while the left hind quarter was held in cold storage for an

additional period of two weeks.

Storage.—The temperature of cold-storage room No. 1 during

the two weeks' storage period of the left hind quarter of carcass No.

1 ranged from 32° to 34° F. The humidity ranged from 72 to 84

per cent of saturation. This quarter showed a shrinkage in weight

of 2.15 per cent.

QUALITY OF MEAT.

Fresh quarter in storage J^S hours.—This quarter of beef would
have been classed as "choice." It w^as well covered with fat and
had a heavy deposit of kidney fat. As it was being cut up the

meat appeared well marbled with fat. The lean meat was dark red

in color. The judges' opinions regarding the quality of the broiled

test steak cut from this quarter of beef are as follows

:

Mr. A.—The tenderloin portion is quite tender, has a good flavor, and is

very palatable. The loin portion is rather tough, but has a good flavor. The
flank end is very tough—almost too tough to eat.

Mr. B.—The tenderloin portion is quite tender, but not as tender as that

from a high-class steak. The flank portion is very tough. On the whole the

meat is juicy and of good flavor, but is rather tough.

Mr. C.—The tenderloin portion is very tender, has a good flavor, and is

very pa]atal)!f'. The loin portion is rather tough and the flavor is not as high
as might be expected in this class of meat. The flank portion is rather tough.

Stored quarter in storage If) days., W hours.—At the end of the

storage period the quarter of beef was in very good condition. The
surface of the quarter was dry and firm, and the thin outer covering

of connocti\'e tissue was parc])iiieiit]ike in texture. The exposed,

cut, mu.scular surface of the round and loin were dark brown in

coloi- arifl firm in texture. A sliglit growth of mold was visible about
the sliank.

As the quarter was l)cing cut up for examination the meat ap-

pcarofl to Ijc in good condition, and as far as could l)e judged l)y

handling it aj>[)earcd to bo, more tender than the meat from the

corresponding quarter at the beginning of the storage period. 'J'lie



86 BULLETIN 433, U. S. DEPARTMENT OP AGEICULTUEE.

broiled test steak possessed tlie following organoleptic properties in

the opinion of the respective judges:

Mr. A.—The meat from all three portions of the steak is distinctly more
tender than that from the corresponding portion of the steak cut from the

fresh quarter of beef. The greatest improvement is noted in the flank portion.

The flavor of the meat is improved.

Mr. B.—^This steak is generally superior to the steak from the fresh quarter

of beef; the tenderloin portion is very tender and palatable; the loin portion

is nearly as tender as was the tenderloin from the steak cut from the fresh

quarter, and the flavor is improved ; the flank end of the steak is fairly tender.

Mr. C.—The steak as a whole is greatly superior to the one cut from the

fresh quarter of beef. The flavor and tenderness of all portions of the steak

are greatly improved, this change being particularly noticeable in the flank

end of the steak.

CHEMICAL EXAMINATION OF CAKCASS NO. 1.,

Tables 12 to 18, inclusive, show the changes in composition that

occurred in carcass No. 1 during the 14 days of cold storage.

Table 12 shows the composition of the carcass expressed in terms

of percentages of the fresh material. These data are not of great

significance in indicating changes in composition that took place in

the meat during storage, since, of course, the variations in per-

centages of moisture and fat affect the value of the other data.

These data do show, however, the actual composition of the meat at

the beginning and end of the storage period. A better comprehen-

sion of the changes which took place in the composition of the meat

during storage may be had from Table 13.

Table 13 shows the composition of carcass No. 1 expressed in terms

of percentages of moisture-free and fat-free material. There are

slight apparent increases in moisture varying from 0.34 per cent in

case of the loin to 0.74 per cent in case of the round. Slight apparent

gains in ash and total nitrogen are not easy to explain.

Changes in nitrogen and phosphorous compounds will be discussed

in connection with Tables 17 and 18, where the changes are shown
more clearly.

Table 12.

—

Composition expressed in terms of percentages of fresh materials.

Serial

No.
Description of sample.

Storage
period.

Mois-
ture.

Fat. Ash.
Total
nitro-
gen.

Am-
moni-
acal
nitro-
gen.

Phosphorus.

Total.
Solu-
ble.

Insolu-
ble.

1

7

2
8

3
9

Round: Right hind quarter.
Round: Left hind quarter. . .

Rump: Right hind quarter.
Rump: Left hind quarter . .

.

Loin: Right hind quarter . .

.

Loin: Left hind quarter

D. H.
1 19

15 19

1 19
15 19

1 19
15 19

73.06
74.26

72.67
73.28

73.01
72.14

3.64
3.02

4.85
4.79

4.66
6.22

L06
1.10

1.03
1.04

1.01
1.04

3.37
3.37

3.26
3.24

3.27
3.26

0.0076
.0083

.0078

.0079

.0076

.0070

0.199
.202

.182

.192

.187

.186

0.151
.155

.147

.142

.146

.141

0.048
.047

.035

.050

.041

.045
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Table 13.

—

Composition expressed in terms of percentages of moisture-free and
fat-free material.

Serial

No.
Description of sample.

Storage
period.

Mois-
ture,

fat-free

basis.

Ash.
Total
nitro-

gen.

Am-
moni-
acal
nitro-

gen.

Phosphorus.

Total.
Solu-
ble.

Insolu-
ble.

1

7

Round: Eight hind quarter.
Round: Left hind quarter . .

.

D. n.
1 19

15 19
75.83
76.57

4.55
4.82

14.46
14.83

0. 0328
.0365

0.853
.888

0.650
681

0.203
.207

14 + 0.74 + .27 -f- .37 -t- .0037 -1- .035 -1- .035 -f- .004

Rump: Right hind quarter..
Rump: Left hind quarter. .

.

2
8

1 19
15 19

76.38
76.96

4.59
4.74

14.51
14.75

.0345

.0360
.811
.873

.655

.646
.125
.276

14 + 0.58 -h .15 -f- .24 -1- .0015 -t- .062 - .009 + .071

Loin: Right hind quarter
Loin: Left hind quarter

Change

3
9

1 19
15 19

76.58
76.92

4.50
4.80

14.62
15.06

.0341

.0323
.837
.858

.652

.653
.185
.205

14 -f 0.34 -1- .30 + .44 - .0018 + .021 -f- .001 + .020

Table 14 shows the composition of the 0.9 per cent sodium chlorid

extract of the meat expressed in terms of percentages of the fresh

material. On account of the effect upon the results of variations in

the fat and moisture content of the meats from which these extracts

were prepared, these data have been recalculated to the moisture-free

and fat-free basis and are so expressed in Table 15.

Table 15 shows the composition of the 0.9 per cent sodium chlorid

extracts of the meat expressed in terms of percentages of moisture-

free and fat-free material.

Appreciable decreases took place in total soluble solids, ranging

from 0.05 per cent in the case of the loin to 0.73 per cent in the case

of the round. It will be recalled that in the autolysis experiment

reported in this paper there was a distinct decrease in total solids in

the early stages of the experiment.

The ash shows appreciable increases that go hand in hand with

a much smaller average increase in total soluble phosphorus. Slight

changes in ash of extract are not of great significance on account of

the unavoidable error in correcting for the presence of relatively large

amounts of sodium chlorid in the presence of small amounts of ash.

Organic extractives and acidity show appreciable decreases that

are in harmony with similar changes noted in the early stages of the

autolysis e.xpeiinicnt previously reported.

Changes in nitrogen and phosphorous compounds will be discussed

in connection with Tiibles 17 and 18.

1'able 16 shows the composition of the fat at the beginning and end
of the .storage period.

The iodin nunibci's and refractive indices show pi-actically no
ehanges. There are aj)preciabl<' increases in the acidity of iXm fats,

ranging from O.rcj jjcr ccni iti case of external fat to 0.17 per cent

in case of th<! inteiinnscnlar fa(. The increase in acidity of the in-
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termuscular fat may be regarded as due to the action of the enzym

lipase, while the greater increases in acidity noted in case of the

external and kidney fats must be regarded as due to the combined

action of the enzym lipase and of bacteria.

The fats appeared to be normal in character and gave no reaction

for rancidity.

Table 16.

—

Composition of fat.

Serial
No.

Description of sample.
Storage
period.

lodin
num-
ber.

Refract-
ive

index
40°C.

Per
cent

acidity
as oleic

acid.

Ran-
cidity.

Physical
characters.

4
10

5

11

6

12

Kidney fat: Right hind quarter..
Kidney fat: Left hind quarter

—

Intermuscular fat: Right hind
quarter.

Intermuscular fat: Left hind
quarter.

External fat: Right hind quarter.
External fat: Left Mad quarter...

D. H.
1 19

15 19

1 19

15 19

1 19
15 19

42.43
42.38

46.86

46.79

56.18
55.92

1. 4562
1.4562

1.4570

1. 4570

1. 4580
1.4580

0.28
.68

.22

.39

.33

.85

Neg
...do

...do

...do

...do

...do

Normal.
Do.

Do.

Do.

Do.
Do.

Table 17 shows the distribution of nitrogen and phosphorus in the

meat on the basis of 100 parts of the respective constituents in the

material at the beginning of the storage period.

Slight apparent increases in total nitrogen are without significance,

as has been noted previously.

Soluble nitrogen shows appreciable decreases which range from
5.23 per cent in the case of the rump to 1.38 per cent in the case of the

loin. These decreases are in harmony with decreases in total solids

and organic extractives, and with the decreases in soluble nitrogen

previously noted in the early stages of the autolysis experiment,

and they may be explained upon the same basis as the latter.

Coagulable nitrogen shows fairly marked decreases which range

from 11.45 per cent in the case of the round to 3.32 per cent in the

ca.se of the loin. In part, these decreases are due to decreases in

total nitrogen; but by referring to Table 15 it may be noted that the

actual decreases in coagulable nitrogen are slightly larger, on the

whole, than the decreases in total soluble nitrogen. These facts

indicate a slight change of coagulable nitrogen into noncoagulable

forms.

Noncoagulable nitrogen shows slight increases on the whole.

I*roteo.se nitrogen shows relatively marked increases. However,

it may be noted by refci-ring to Table 15 that the actual amount of

this con.stituent ])resent is comparatively small.

Ammoniacal nitrogen appears to have increased in the round and

in the rump, but to have decreased in the loin. As the total increase

is somewhat greater than the decrease, the general tendency would

seem to be toward an increase in this constituent.
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Total phosphorus shows slight increases, the significance of which

is not yet apparent.

It appears that a better comprehension of the changes in the vari-

ous forms of phosphorus can be had from a consideration, of

Table 18.

Table 18 shows the distribution of nitrogen and phosphorous com-

pounds expressed in terms of percentages of total nitrogen and total

phosphorus. It may be noted that the percentage changes expressed

in this table are not identical with those shown in Table 17. These

differences are due to slightly different bases of calculation, as is

indicated in the headings of the respective tables.

The nitrogen data, for the most part, are self-explanatory.

Insoluble phosphorus shows a large increase in the case of the

rump and an appreciable increase in the case of the loin. The
irregular nature of the changes in this constituent are of undeter-

mined significance.

Total soluble phosphorus, of course, shows changes which are equal

and opposite to the changes in insoluble phosphorus. The signifi-

cance of these changes has not been established.

Soluble inorganic phosphorus shows appreciable increases which

range from 15.68 per cent in the case of the rump to 18.68 per cent

in the case of the round. These changes are in conformity with

similar changes observed in the autolysis experiment, and may be

regarded as due to the action of phosphatases upon organic phos-

phorous compounds.

Soluble organic phosphorus shows changes that are opposite in

character to those observed in case of the inorganic phosphorus.

There were marked relative decreases in organic phosphorus ranging

from 28.01 per cent in the case of the round to 46.47 per cent in the

case of the rump. Changes in organic phosphorus do not, as a rule,

constitute as true an index of the extent of organic phosphorous

cleavage as do the corresponding changes in inorganic phosphorus.

EXPERIMENT NO. 2.

HISTORY OF CARCASS.

A " grade " Shorthorn steer of fair quality and finish was slaugh-

tered in the usual manner. The carcass was allowed to hang for

2 hours on the killing fioor, after which it was transferred to the

fore cooler, where it was held for 17 hours, and then to the main

cooler, where it was held for 29 hours. The temperature of the

fore cooler ranged from 31° to 43" F. and that of the main cooler

from 25'"'' to 30'^ F. The humidity of the fore cooler was 95 per cent

of saturation and that of the main cooler ranged from 75 to 95 per

cent. After having been 40 hours in storage in the packing-house

coolers, the two hind (juarters of the carcass were carefully wrapped
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in cheesecloth and paper and transported by motor truck to the

bureau's cold-storage rooms, the trip requiring about an hour. The
weight of the carcass before chilling was 715 pounds.

ST0KA6E.

The quarters of beef were placed in cold-storage room No. 1, un-

w^rapped, and hung up until the next day, when the right hind
quarter was prepared for analysis. The total preliminary storage

period of this quarter amounted to 65 hours. The left hind quarter

was held in cold storage for an additional period of 28 days, during

which period the temperature of the cold-storage room was quite

uniform, ranging from 32° to 36° F. The humidity varied between

69 and 73 per cent of saturation.

After 21 days in cold storage the quarter of beef showed appre-

ciable evidences of desiccation, the connective-tissue membrane over

the surface of the quarter having become dry and parchmentlike

and the exposed muscular tissue having undergone appreciable

shrinkage. There was no mold on the outside of the quarter, and

only a slight growth on the inside of the flank, where there was also

a slight odor of incipient putrefaction.

At the end of 28 days in cold storage the quarter of beef showed

practically the same characteristics as noted above. The total shrink-

age in weight amounted to 5.26 per cent.

QUALITY OF MEAT.

Fresh quarter^ in storage 65 hours.—This quarter of beef was not

of as good quality as that from carcass No. 1, being not as well

finished nor of as good conformation. As regards market classsifi-

cation, this quarter would have been classed as " good." The follow-

ing are the reports of the judges upon the organoleptic properties

of the broiled test steak

:

Mr. A.—The loin and tenderloin portions of the steak have a good flavor,

but are not very juicy and are decidedly tough. The flank portion is extremely

tough.

Mr. B.—The steak has a good flavor and is juicy, but all portions are rather

tough ; the tenderloin is not tender, but can be masticated ; the loin portion

is rather tough ; and the flank portion is of rubbery consistency and can

scarcely be eaten.

Mr. C.—All portions of the steak have a good flavor, but the tenderloin is

slightly tough, the loin portion quite tough, and the flank end is very tough

and of rubbery consistency.

Quarter of heef stored 30 days 17 hours.—As the quarter was being

divided into wholesale cuts it was noticed that the flank was dry

and hard. The cut surface of the flank was bright red in color.

There was a slight odor of putrefaction from the exposed inner

surface of the flank, although the cut surface had the normal odor.
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The cut surface at the butt of the round had the normal odor and

color. TMiere the muscular tissue had not been covered with fat

and had been exposed to the air there was a hard dark-brown layer

about one-eighth of an inch deep, due to desiccation, but no odor

of putrefaction. The loin was in first-class condition, although the

tip end, where the muscles had been exposed and had become dried

out, required a little trimming. The kidney fat showed a slight

growth of mold and had a rather strong odor. On the whole, this

quarter of beef was considered to be in good marketable condition.

The greatest apparent effect of storage upon the meat was that of

desiccation.

When the meat was being prepared for analysis it was noted that

the bundles of muscles separated with much greater ease than in the

case of the fresh quarter of beef, and that apparently a marked soft-

ening of the intervening connective tissue had occurred.

The opinions of the respective judges concerning the quality of

the broiled test steak are given below

:

Mr. A.—The tenderloin portion is of good quality, has a good flavor, and is

more tender than the steak from the fresh quarter. The meat is rather dry.

The loin portion is much more tender than that of the fre^h quarter, and is now
quite palatable. While not first class, the meat is fairly tender and has a good

flavor. The flank portion is decidedly more tender than in case of the fresh

quarter and is now fairly palatable. The meat is rather dry, the flavor is fair,

and the muscle fibers are coarse and tough.

Mr. B.—^The steak is greatly improved in quality as compared with the steak

from the fresh quarter of beef. While the meat is not of the highest quality,

yet it has so improved in tenderness that even the flank portion can be eaten

with ease.

Mr. C.—This steak is much better in quality in every respect than the steak

from the fresh quarter of beef. The tenderloin is very tender, the loin portion

is not quite as tender, and the flank end is fairly tender. The flavor of the

steak is good.

CHEMICAL EXAMINATION OF CAKCASS NO. 2.

Tables 19 to 25, inclusive, show the changes that occurred in the

composition of carca.ss No, 2 during 28 days in cold storage.

Table 19 shows the composition of the carcass expressed in terms

of percentages of fiesh material. For reasons previously given these

data will not be di.scussed.

Table 20 shows the composition of the carcass expressed in terms of

percentages of the moistiire-free and fat-free material. There are

slight h)sses of moisture due to evaporation during storage, and insig-

nificant changes in ash. Changes in nitrogen and phosphorous com-

j)0iin(ls will be disfussed in connection with Tables 24 and 2.5.

Table 21 shows the composition of the 0.9 per c^nt sodium chlorid

extract exi)res.sed in terms of percentages of the fresh material.

These data will be discussed as recalculated in Table 22.
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Table 19.

—

Composition expressed in terms of percentages of fresh material.

Serial

No.
Description of sample.

Storage
period.

Moist-
ure.

Fat. Ash.
Total
nitro-
gen.

Am-
moni-
acal
nitro-

gen.

Phosphorus.

Total.
Sol-
ble.

Insol-
uble.

13
25

14

26

15
27

Roiind: Right hind quarter.
Round: Left hind quarter ..

.

Rump: Right hind quarter.

.

Rump: Left hind quarter . .

.

Loin: Right hind quarter . .

.

Loin: Left hind quarter

D.H.
2 17

30 17

2 17
30 17

2 17
30 17

75.68
75.24

74.92
74.36

74.54
73.98

1.85
1.70

3.07
3.34

3.71
3.64

1.06
1.07

1.03
1.03

1.01
1.02

3.40
3.45

3.27
3.28

3.27
3.35

0.0083
.0101

.0074

.0093

.0072

.0085

0.202
.202

.200

.192

.192

.187

0.154
.158

.147

.143

.145

.146

0.048
.044

.053

.049

.047

.041

Table 20.- -Composition expressed in terms of percentages of moisture-free and
fat-free material.

Description of sample.
Storage
period.

Moist-
ture,
fat-

free
basis.

Ash.
Total
nitro-
gen.

Am-
moni-
acal

nitro-
gen.

Phosphorus.

Serial
No.

Total. Soluble.
Insol-
uble.

13
25

Round: Right hind quarter .

Roimd: Left hind quarter . .

.

Change

D. H.
2 17

30 17
77.11
76.54

4.72
4.62

15.14
14.97

0. 0367
.0439

0.897
.877

0.687
.687

0.210
.190

28 -0.57 -0.10 -0.17 + .0072 -.020 .000 —.020

Rump: Right hind quarter.

.

Rump: Left hind quarter

Change

14

26

2 17

30 17
77.29
76.93

4.68
4.64

14.86
14.77

.0334

.0417
.910
.859

.668

.642
.242
.217

28 -0.36 -0.04 -0.09 +.0083 -.051 -.026 —.025

Loin: Right hind quarter
Loin: Left hind quarter

Change

15

27
2 17

30 17
77.41
76.77

4.64
4.54

15.01
14.95

.0330

.0379
.881
.837

.668

.651
.213
.186

28 -0.64 -0.10 -0.06 + .0049 -.044 -.017 -.027

Table 22 shows the composition of the sodium chlorid extract

expressed in terms of percentages of the moisture-free and fat-free

material.

Appreciable decreases have taken place in total solids, and slight

decreases in organic extractives, that are similar to the changes noted

in Experiment No. 1 and in the autolysis experiment.

Ash of extract shows appreciable decreases, but these changes are

not of great significance for reasons previously noted.

Changes in acidity are irregular and without apparent signifi-

cance.

Changes in nitrogen and phosphorus compounds will be discussed

in connection with Tables 24 and 25.

Table 23 shows the composition of the fat at the beginning and end

of the storage period.

All samples show appreciable increases in acidity ranging from
0.68 per cent in the case of the kidney fat to 1.24 per cent in the case

of the external fat. The increase in the acidity of the intermuscular

fat may be regarded as being due to the action of the enzym lipase
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upon the neutral fats, while the greater increase in acidity of the

external fat is probably due to combined bacterial and enzym action.

The external and kidney fats had developed a rather strong flavor

at the end of the storage period.

Table 23.

—

Composition of fat.

Serial
No.

Description of sample.
Storage
period.

lodia
num-
ber.

Refract-
ive

index
40°C.

Per
cent

acidity
as oleic

acid.

Ran-
cidity.

Physical
characters.

16
28

17

28

18
30

Kidney fat: Rip:ht hiad quarter..
Kidney fat: Left hind quarter

Intermuscular fat: Right Mud
quarter.

Intermuscular fat: Left hind
quarter.

External fat: Right hind quarter.
External fat: Left hind quarter..

.

D. H.
2 17

30 17

2 17

30 17

2 17
30 17

37.40
37.59

44.79

45.09

52.20
50.63

1.4560
1.4560

1-4568

1. 4568

1. 4574
1. 4574

0.34
1.02

.28

1.02

.28
1.52

Neg
...do

...do

...do

...do

...do

Normal.
Somewhat strong
flavor and
odor.

Normal.

Do.

Do.
Somewhat strong
flavor and
odor.

Table 24 shows the distribution of nitrogen and phosphorus in the

meat on the basis of 100 parts of the respective constituents in the

material at the beginning of the storage period.

Total nitrogen shows slight changes which are without apparent

significance.

There are appreciable decreases in the soluble nitrogen in case of

the round and the rump and there is a slight increase in case of the

loin. Changes in the soluble-nitrogen content of the round and the

rump are similar to the changes in this constituent noted in the early

stages of the autolysis experiment and in exDeriment No. 1, and

they may be explained in the same manner.

Coagulable nitrogen shows quite marked decreases, and opposite

changes are noted in the noncoagnilable nitrogen.

Proteose nitrogen shows marked relative increases that range from

96.92 per cent in the case of the rump to 179.52 per cent in the case of

the loin. However, by referring to Table 22,. it may be noted that

the actual amounts of proteoses present are quite small.

Amino nitrogen in the round and rump increased by approximately

25 per cent, while that in the loin decreased by an amount that was

practically within the limit of experimental error. These results in-

dicate a general increase in this constituent, which is in conformity

with results obtained in the autolysis experiment.

Ammoniacal nitrogen increased distinctly during the storage

period in each of the three portions of the carcass analyzed. The in-

creases ranged from 15.51 per cent in the case of the loin to 24.85

per cent in the case of the rump, the minimum increase in this experi-
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ment being greater than the maximum increase that occurred in ex-

periment No. 1. These results are in conformity with those obtained

in the autolysis experiment.

Slight apparent decreases, which for the present must be regarded

as due to possible inequalities in sampling, have taken place in the

total phosphorus. On account of the effect of the decreases in total

phosphorus upon the value of the other phosphorous compounds,,

changes in those constituents will be discussed in connection with

Table 25.

Table 25 shows the distribution of nitrogen and phosphorus ex-

pressed as percentages of total nitrogen and total phosphorus.

The distribution of the nitrogen compounds does not differ greatly

from that in case of experiment No. 1. There is an appreciable in-

crease in the proportion of total nitrogen present as soluble, non-

coagulable, proteose, and ammoniacal nitrogen, and a decrease in the

proportion present as coagulable nitrogen.

Insoluble phosphorus shows appreciable decreases that range from
5.22 per cent in case of the rump to 8.58 per cent in case of the loin.

These results appear to be in conformity with the findings obtained

in the autolysis experiment, but in view of the results obtained in

other experiments of this series this seeming conformity must be

regarded as accidental.

Total soluble phosphorus shows increases corresponding to the

decreases in insoluble phosphorus.

Soluble inorganic phosphorus shows appreciable increases, Avhich

range from 10.37 per cent in the case of the round to 23.47 per cent

in the case of the loin. On the whole the increases in soluble inor-

ganic phosphorus are but slightly greater than similar changes in

this constituent in Experiment No. 1. On account of the much longer

storage period in Experiment No. 2 a larger increase in inorganic

pho.sphorus might have been expected; but in this connection it is;

interesting to note that the material used for this experiment already

contained a considerably higlier percentage of preformed inorganic

phosphorus than did the material used in the first experiment. It

would appear as though the larger quantity of inorganic phosphorus

present in the material used in the second experiment either of itself

retarded the rate of change of organic phosphorus into inorganic

forms or was indicative of some retarding agency.

Interof^ting liglit is thrown on this (jticstion by the i-esults of tho

autolysis ex|K'rinient, as shown in Table 11, where under the head-

ing " Inorganic phosphorus " it may be noted that the increase in

this constituent takes plnce most rapidly during the first 7 days

of the (;x])eriment. Thus during the first 7 days the relative in-

crea.se amoimts to 52.78 per cent, while during the total incubation

jM'iiod of 100 fhiys the iclativc iucreast; amounts to oidy 05.27 per
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cent, so that 80-9 per cent of the total increase in inorganic phos-

phorus has taken place in the first 7 days and 19.1 per cent in the

remaining 93 days. These facts indicate very clearly that the rate

of the enzymatic change of organic phosphorus to inorganic forms

decreases as the reaction progresses. It is, therefore, not surprising

that the cleavage of the organic phosphorus took place rather slowly

in this experiment where the phosphorus distribution in the mate-

rial used approximated to that obtaining in meat which has already

imdergone a certain amount of autolysis. The exact cause of the

retarded rate of change, however, remains to be determined.

Soluble organic phosphorus shows large relative decreases that

vary from 36.89 per cent in the case of the round to 54.10 per cent

in the case of the loin. However, the actual decreases are only

slightly greater than those observed in the carcass stored for two
weeks in Experiment No. 1. The apparent explanation for the

slower rate of change of organic phosphorus into inorganic forms

has already been discussed under inorganic phosphorus.

EXPERIMENT NO. 3.

HISTORY OF CAECASS.

A " grade " shorthorn steer 4^ years old and of fair conformation

and finish, was slaughtered in the usual manner and the carcass was
allowed to hang for 50 minutes on the killing floor, after which it was
run into the cooler. The warm carcass weighed 755 pounds. The
carcass was held for 22 hours in the fore cooler at a temperature

between 30° and 36° F., and for 48 hours in the main cooler at a

temperature varying from 30° to 32° F. The humidity of the fore

cooler was 95 per cent and that of the main cooler 98 per cent of

saturation. After storage for 70 hours in the packing-house coolers

the two hind quarters of the carcass were carefully wrapped and
transported to the bureau's cold-storage rooms, the trip requiring

less than one hour.

STORAGE.

The quarters of beef were unwrapped and weighed, and one was
immediately prepared for analysis while the other was hung up in

cold-storage room No. 1 for a period of 42 days.

The temperature of the cold-storage room was fairly uniform

throughout this experiment, ranging from 32° to 36° F. The hu-

midity varied fi'oiu 69 to 74 per cent of saturation.

Observations as to tbe condition of the beef were made at intervals

during the storage period, with the following results:

After 24 days in storage the beef was in good condition. There

was a slight growth of mold on the outside and inside of the flank.

The exposed cut nuiscular siii'I'aces (jii the inside of the i-ound and

on the tip oi the loin had become dark-brovVn in color and firm in

r.f;801 '—liull. 433—17 4
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textures. Exposed bundles of muscles at the shank had turned dark-

brown in color.

After 31 days in storage the condition of the meat had not changed

appreciably since the previous observation, except perhaps that evi-

dences of desiccation had become more apparent.

At the end of the storage period of 42 days in the bureau's cooler,

or after a total period of 45 days in cold storage, the beef was in

good condition as regards state of preservation although it showed

considerable drying out, particularly where the meat was not well

covered with fat. There was also a slight growth of mold on the

flank and " hanging tender" and a slightly musty odor at these points.

The beef showed a shrinkage of 6.3 per cent during storage.

QUALITY OF MEAT.

Fresh quarter^ in storage 71 hours.—This quarter was of fairly good
quality as regards conformation and finish, being fairly well covered

Avith fat, and would have been classed as " good." The judge's opin-

ions regarding the quality of the broiled test steak cut from this

quarter are as follows

:

Mr. A.—The tenderloin is tender and of good flavor. The loin portion is much
tougher than the tenderloin, while the flank end is too tough too eat. As a whole

the steak has a good flavor.

Mr. B.—The steak is more tender than that from the corresponding quarter

of carcass No. 2, but is less tender than that from carcass No. 1. The flavor

is not as good as that of the steaks from the quarters of beef just described.

As regards tenderness and palatability, the tenderloin ranks first and the

flank end last.

Mr. C.—On the whole the steak is superior to the one from the correspond-

ing quarter of carcass No. 2, but inferior to the one from carcass No. 1. The
steak has a good flavor. The tenderloin is the most tender and the flank end

the least so of the different parts of the steak.

Quarter of 'beef stored Jj.5 days.—When the quarter of beef was cut

up preparatory to analysis, the cut surface at the butt of the round

was found to be bright-red in color except for a narrow dark band

at the surface where the muscular tissue had been exposed to the

air. Where the surface of the meat had been covered with fat there

was only a trace of such a band. The freshly cut surface of the meat
had an odor that was rather different from that of fresh meat and
which might have been termed slightly " old," but which was in no
sense an odor of putrefaction. When the loin was cut, it was found
that the tenderloin was somewhat darkened around the outside and
had a slightly " off " odor. The porterhouse steak cut for broiling

had a rather " old " odor, particularly at the outer portion of the

tenderloin and at the flank end where the odor was that of incipient

putrefaction. On being cut and ground, the meat appeared to be

comparatively tender. * The kidney fat had a distinctly " old " and
sour odor.
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On the whole, this quarter of beef, which has been held in cold

storage for a total period of 45 days, appeared to be in sound condi-

tion; but the market value of the beef was probably less than it

would have been earlier in the storage period, principally because

of the effects of desiccation upon the appearance of the meat. The
organoleptic qualities of the broiled test steak cut from this quarter

were reported upon by the respective judges as follows

:

Mr. A.—The tenderloin portion is fairly tender and has a good flavor, except

the outer portion, which has a rather " old " taste. The loin portion is fairly

tender, but rather dry and lacking in flavor. Portions have an " old " taste.

The flank end is tough and stringy and the flavor is not good.

Mr. B.—The steak is generally superior to the one cut from the corresponding

quarter at the beginning of the storage period as regards tenderness, but

inferior as regards flavor. Portions of the steak, particularly outer portions

of the tenderloin and loin, are tainted and not edible. This " old " flavor might
be called " gamey."

Mr. C.—^This steak shows some signs of incipient putrefaction at the flank

end and on the outside of the tenderloin. Changes are positive but not exten-

sive. The tenderloin is quite tender and fairly juicy, but has an " old " flavor,

and portions have a slightly " off " flavor.

CHEMICAL EXAMINATION OF CAECASS NO. 3.

Tables 26 to 32, inclusive, show the changes which took place in

the composition of carcass No. 3 during 42 days of cold storage.

Table 26 shows the composition of the carcass expressed in terms

of percentages of fresh material; but for reasons previously noted

these data will not be discussed.

Table 27 shows the composition of the material expressed as per-

centages of moisture-free and fat-free material.

There are appreciable losses of moisture, which are slightly greater

than similar losses observed in the case of the carcass stored 28 days.

There are slight changes in the ash, which have no significance.

The data for total nitrogen show appreciable losses, the signifi-

cance of which is not yet apparent.

Changes in ammonia and in phosphorus compounds will be dis-

cussed in connection with Tables 31 and 32.

Table 20.

—

Comj)Ositiori crprctfirfJ hi terms of pcrccntaf/e of fresh material.

Description of sample.
Storage
period.

Moist-
ure.

Fat. A.sli.

Total
nitro-
gen.

Am-
moni-
acal
nifro-

Kcn.

rhosphorus.

Serial

No.
Total.

Solu-
ble.

Insol-
uble.

19

38

20
39

21

40

Hound: Uifht hinfl f|tinr1.er.

Uounfl: I/cfl hind quarter...

Ktimp: Klfht hind f|iiart«r..

Hump: l/Cft liind qiiiirlcr...

1/oln: liitchtlilnd f)iiiirtcr. ..

Loin; lycfl hind quarter

D.ir.
2 23

44 23

2 23
44 23

2 23
44 23

74.59
74. 15

73,79
73.32

73. .W
71.82

2.06
l.iW

3.19
3. 27

4.17
4.92

1.09
l.U

1.0(5

1.0<5

1.03
1.09

3.46
3.48

3.39
3.30

3.30
3.30

0.0102
. 0122

.0102

.0110

.0094

.0115

0.209
.211

.203

.198

.194

.197

0.103
.105

. l.')7

.148

. 152

.149

O.OKi
. 01«

.016

.DfiO

. 012

.048



52 BULLETIN 433, U. S. DEPAETMENT OF AGEICULTUKE.

Table 27.

—

Composition expressed in terms of percentage of moisture-free and
fat-free material.

Description of sample.
Storage
period.

Moist-
ure,
fat-

free
basis.

Ash.
Total
nitro-
gen.

Am-
moni-
acal
nitro-
gen.

Phosphorus.

Serial
No.

Total. Soluble.
Insol-
uble.

19
38

Round: Right hind quarter.

.

Roxmd: Left hind quarter . .

.

D.H.
2 23

44 23
76.16
75.63

4.67
4.65

14.80
14.58

0.0435
.0510

0.893
.881

0.698
.691

0.195
.190

42 -0.53 -0.02 -0.22 H-.0075 -.012 -.007 —.005

Rump: Right hind quarter.

.

Rump: Left hind quarter

Change

20
39

2 23
44 -23

76.22
75.80

4.60
4.53

14.73
14.32

,0445
.0494

.882

.845
.680
.631

.202

.214

42 -0.42 -0.07 -0.41 +.0049 -.037 -.049 +.012

Loin: Right hind quarter
Loin: Left hind quarter

Change

21

. 40
2 23

44 23
76.70
75.54

4.59
4.67

14.75
14.43

.0420

.0495
.868
.845

.682

.643
.186
.202

42 -1.16 +0.08 -0.32 + .0075 -.023 -.039 +.016

Table 28 shows the composition of the 0.9 per cent sodium chloric!

extract of the meat expressed in terms of percentages of the fresh

material. These data will be discussed as recalculated in Table 29.

Table 29 shows the composition of the sodium chlorid extract

expressed in terms of percentages of the moisture-free and fat-free

material.

Total solids show irregular changes which apparently have no

significance.

Changes in ash of extract are so great that they must be regarded

with suspicion.

There are appreciable and regular losses in soluble phosphorus,

but not such as Avould account for the large apparent losses in total

soluble ash.

The apparent changes in organic extractives, i. e., in the differences

between total solids and total ash, must also be regarded with sus-

picion.

There is a slight increase in the acidity on the whole.

Table 30 shows the changes in the composition of the fat during

storage. The most marked changes which have taken place are those

which occurred in the acidity of the samples. The intermuscular

fat shows a small increase amounting to 0.45 per cent, which is ap-

preciably less than that which took place in the meat stored four

weeks, as may be seen by referring to Table 23. Owing to the pro-

tected position of the fatty tissue, this increase in acidity may be re-

garded as due, in large part at least, to enzym action.

Kidney and external fat show large actual increases in acidity,

amounting to 3.28 and 3.45 per cent, respectively. These increases,

which are large as compared with the small increase in case of the

intermuscular fat, may be explained by the fact that the kidney and

the external fat are exposed to bacterial invasion, and that the hydrol-



CHAN^GES IlSr FRESH BEEF DURING COLD STORAGE. 53

o a

3 c3

00 00 00 1

d

i ®

"S M 03
a d

^
J3 *-H »-H

o d
^1

6 1-1 oc Mm 00 Tf

a

2^
00 00 00 1

d
^1

, t^^ ^t~ 1

Z O C3 d
1

:z; 1

,

3 c 10 'tj* IC"^ L'^ 10 1

C3,0
O c3 d
u-

5S
^_

O) CJ Cj 1

o a
^1

m
r^oo t~t^ t^t^ 1

•e'-S

30^ t^m S^ 00 cs

3c? lOCD CD CO

c
5®"^

2g gg gg~ ^*

^-

oics 050 000
«ot^ COt^ ot^

1

E-

c .

"•0
fe:?5S5 ?5?3 S5S 1

(^"5
1

'/; ::- -r -^

s
u M

§

II

2i-

33 u

•-•

a. .
c": §5

C-3
.ST3

5.1
730-
.3-3

^ »-
•C.3

2 „

TJ-^ H.b
= 3 Ec C fl

C

K« ««

2S 8S S?
1

s

s

I>cc (Mt£
IOC ":) oc

3 ca

-i
II
CMC

d 1

y>

3
wS

ft d
-f

Tf u-

+ +

.22 c to«: 1 COC£
3^3 1

• ^ u- (MOC J

3

a
<

^ 1"^

d 4 4- 4-

,

^g r.^ '
'"'

t-l

£° 4 4-

1

+

, COCT 10 or n \ <y>^5 CO

g^^ rHC^

00 --

3 .-;C^

CO OOC
d >-!?i d

!^il 4 4- 4-

12;

, CC
> coe-

3 -*m c Cv

c irqcv

C3
10-

6 coc coo C£) coot5 (M

52 OCV .-10 C
tJi-O c3 -^ •'I c3 -W-fl"

^0 4 4 +

CO rr> 1 (M-1 ^
e- r- 1-

3^
«c c5 MC c> COC5 d

- -
1<?-

1-1 C£ 5 COC/ ) -H t- to

^
4 4

. IMC-
' 4-

OOC ^ 00 C^
c3cr

> t^ r>

^ 1^

IOC 1-
1

-^Cv ^ ^c> i-H

-l',
1

f?
Tt<C

1
oon

-1
e

1- ^ <-

S^ c OC c oc
4. coc- roc

1

(C .

MtS
teI?5S5 s?; ?5?C

CQ ft
0^^5 c.

^
CS,^

••J

01 -t

ft

a
V IH

1-4

g

T3 ^ft
3*3
^3 3

e

.g-g

11

-d

51
St3 s g i

-O-d ftb _!

y = BE 1=1

«« «K ^Jh-1

2S sg s?
VJ

1



54 BULLETIN" 433, U. S. DEPAETME^TT OF AGEICULTUEE.

ysis of these fats, therefore, is due largely to bacterial action. The
kidney and external fats are of poor quality, having a strong dis-

agreeable odor and flavor, while the intermuscular fat is of a fair

quality.

Table 30.

—

Composition of fat.

Serial
No.

Description of sample.
Storage
period.

lodin
num-
ber.

Refract-
ive

index
40°C,

Per
cent

acidity
asoleic
acid.

Ran-
cidity.

Physical
characters.

D. H.
22 Kidney fat: Eight hind quarter.

.

2 23 42.53 1.4560 0.39 Neg Normal.
41 Kidney fat: Left hind quarter 44 23 41.87 1.4568 3.67 ...do Rather strong

odor and
1 flavor.

23 Intermuscular fat: Eight hind
quarter.

2 23 49.34 1. 4572 .45 ...do Normal.

42 Intermuscular fat: I/eft hind quar-
ter.

44 23 49.18 1. 4578 .90 ...do Slightly meaty
flavor. Better
than 41 and 43.

24 External fat: Eieht hind quarter. 2 23 55.96 1.4578 .39 ...do Normal.
43 External fat: Left hind quarter..

.

44 23 56.83 1.4583 3.84 ...do Rather stron g
odor and
flavor.

Table 31 shows the distribution of the nitrogen and phosphorous

compounds upon the basis of 100 parts of the respective constituents

in the material at the beginning of the storage period.

Changes in total nitrogen have been previously noted.

Total soluble nitrogen shows appreciable but irregular increases,

ranging from 0.47 per cent in the case of the loin to 4.19 per cent in

the case of the round ; whereas carcass No. 1 stored for two weeks and

carcass No. 2 stored for four weeks each showed decreases in total

soluble nitrogen at the end of their respective storage periods.

Coagulable nitrogen shows fairly marked decreases, but on ac-

count of the increases in total soluble nitrogen, these data do not in-

dicate the full extent of the changes, which are shown more clearly

under noncoagulable nitrogen.

Noncoagulable nitrogen shows appreciable increases which are

slightly greater, on the whole, than those observed in the case of car-

cass No. 2, which was stored for four weeks.

There are marked relative increases in proteose nitrogen, which are

greater than those that took place in carcass No. 1, which was stored

for two weeks, but less than those that occurred in carcass No. 2,

which was stored for four weeks.

Amino nitrogen increased decidedly during the storage period in

each portion of the carcass analyzed, the minimum increase in this

experiment being greater than the maximum increase that occurred

during the shorter periods of storage. This is in continued con-

formity with the results obtained in the autolysis experiment.

Ammoniacal nitrogen increased appreciably during the storage

period in each of the cuts analyzed; yet, on the whole, the increases
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were less than the corresponding increases noted in experiment No.

2. This, however, is not surprising in view of the larger amount of

preformed ammonia in the material used for this experiment, espe-

cially since the results of the autolysis experiment go to show that

the rate of formation of this product tends to decrease as the product

itself accumulates.

Slight decreases in total phosphorus are without apparent signifi-

cance.

Table 32 shows the distribution of nitrogen and phosphorus

expressed in terms of percentages of total nitrogen and total

phosphorus.

The data for nitrogen show that at the end of the storage period

an appreciably larger proportion of the total nitrogen was present

in the form of total soluble nitrogen, and as proteose, noncoagulable,

amino, and ammoniacal nitrogen, than was present in the meat from

carcass No. 2, which had been stored for four weeks. These facts

indicate that the proteolytic changes had made appreciable progress

during the longer storage period of carcass No. 3.

There are fairly marked increases in insoluble phosphorus in the

rump and in the loin, and a slight decrease in the round. An
increase in this constituent was hardly to have been expected, and

there seems to be no apparent explanation for the change.

There are slight changes in soluble phosphorus which must be

regarded as having no significance.

Soluble inorganic phosphorus shows increases amounting to

approximately 30 per cent of the amount present in the meat at

the beginning of the storage period, which increases are consider-

ably larger than those observed in the carcasses stored either for two
weeks or for four weeks. These changes are in conformity with

those that occurred during the autolysis experiment.

In the soluble organic phosphorus there are pronounced decreases

that are appreciably larger than those noted in case of the carcasses

stored for shorter periods of time. These changes also are similar

to those observed in the autolysis experiment.

EXPERIMENT NO. 4.

HISTORY OF CARCASS.

A "grade" shorthorn steer 3^ years old and of fair quality and
finish was slaughtered by the usual methods and the carcass was
allowed to hang 45 minutes on the killing floor, after which it was
run into the cooler. The warm carcass weighed 845 pounds. The
carcass was held 19 hours in the fore cooler having a temperature

between 30° and 41° F., and 51 hours in the main cooler, the tem-

perature of which remained at 29° F. The humidity of the fore

cooler was 97 per cent and that of the main cooler 95 per cent of
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saturation. After storage for TO hours in the packing-house coolers,

the hind quarters of the carcass were carefulW wrapped and trans-

ported to the bureau's cooler, the trip requiring less than an hour.

The quarters of beef were unwrapped and weighed; one quarter

was hung up in cold-storage room No. 1 for a period of 63 days;

the other was prepared immediately for analysis.

The temperature of the cold-storage room was fairly uniform,

ranging between 34° and 37° F. during the greater part of the

experiment. On one occasion, for a period of about a day, the

temperature ran up to 40° F. owing to difficulties with the refriger-

ating equipment. The humidity of the cold-storage room ranged

from 69.5 to 73.5 per cent of saturation, except that when the

temperature rose to 40° F. the humidity was increased to 82 per

cent by the melting of the ice from the coils.

"While observations as to the condition of the beef in storage were

made at approximately weekly intervals during the storage period,

only a few of the observations will be reported.

After 24 days in storage the quarter of beef was in normal con-

dition. The flank showed slight desiccation and a trace of mold.

At the end of 38 days in storage the beef was in very good condition.

There was a slight growth of mold on the exposed muscular tissue

at the inside of the butt of the round and a trace only on the flank,

which had become rather hard and dry. After 52 days in storage

the beef had begim to look rather old and showed considerable desic-

cation, j)articularly the flank, which had become quite hard and dry.

There was a very slight growth of mold on the flank. The beef had
a rather " old " odor, but not that of putrefaction.

At the end of the storage period, or after storage for 63 days in

the Ijureau's cooler, the quarter of beef had practically the same

appearance as noted at the end of 52 days in storage. An experi-

enced meat inspector whose daily work brought him in contact with

chilled beef as it is handled on the market examined this quarter of

beef at the end of the storage period and stated that he considered

it to be in first-class condition.

QUALITY OF MEAT.

Fresh fjuarter^ stored 73 hours.—This quarter was of fairly good

(juality as I'egai'ds form and firiish and was well covered with fat,

except a portion toward the shank. As regards market classification

the quarter would have been classed "good." The broiled test steak

cut from this <|iiaj'ter was dcsci'ibed by the respective judges as

follows:

Mr. A.—Thf tfndcrloiii is (luilc lender, llic Idiii imrfioii riiilicr touf^Ii, .'Uid llie

fliuik fiid v«Ty touK''- 'J'"' sloik is jiii<'.v iiiid liiis ii K<'<>d llnvor.
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Mr. B.—On the whole the steak is of excellent quality but shows lack of

ripening. The tenderloin and loin portions of the steak are fairly tender,

Mr. C.—The tenderloin is quite tender, the loin portion rather tough, and
the flank portion fairly tender. The steak is juicy and has a good flavor.

Quarter of heef stored 66 days.
—

"\^nien this quarter of beef was
being cut up preparatory to analysis the following observations

were made : The cut surface at the butt of the round had a bright-

red color and a sweet odor, but one which was distinctly different

from that of fresh beef. Wliere the muscular tissue had not been

covered with fat and had been exposed to the air there was a narrow
dark-brown zone at the surface of the meat. The tip end of the

loin, where the cut surface had been exposed to the air, was dark-

brown in color and had a strong odor. After cutting off a slice

about 1 inch thick from the tip of the loin, so as to remove the dried

portion, the fresh-cut surface of the loin had a dark-red color and
a rather strong but not a putrefactive odor. As successive cuts

were made toward the butt of the loin the color of each successive

surface was found to be brighter and its odor less pronounced.

^Vhile the meat was being cut it was also found that the bundles

of muscles could be separated much more easily than was the case

with those of the fresh quarter of beef, a fact which indicated a

marked softening of the connective tissues. The meat "handled"

as though it were quite tender.

The kidney fat was in poor condition, being hard and dry and

badly discolored. Throughout the mass there was evidence of a

widely distributed growth of mold.

The freshly cut test steak had a rather strong odor which largely

disappeared on broiling. The color of the meat was rather darker

than that of the steak cut from the fresh quarter of beef. The
organoleptic qualities of the broiled steak were described by the

three judges as follows:

Mr. A.—The tenderloin portion is fairly tender and has a good flavor, but

is rather dry. The loin portion is not as tender as the tenderloin and is

rather dry, but has a good flavor. The flank end is very tough and has an
" old " taste.

Mr. B.—The tenderloin portion is very tender, but has a disagreeable so-called

" gamey " flavor. The loin portion is not very tender and the flavor is not

disagreeable. The flank portion is fairly tender and palatable.

Mr. C.—The tenderloin and loin portions are very tender and juicy and

have a good flavor. The flank end of the steak is fairly tender and juicy, but

has a rather strong " gamey " flavor and is not very palatable. On the whole

this steak is not as palatable as the steaks cut from the quarters of beef that

had been stored for shorter periods of time.

CHEMICAL EXAMINATION OF CARCASS NO. 4.

Tables 33 to 39, inclusive, show the changes that took place in the

composition of carcass No. 4 during 63 days in cold storage.
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Table 33 shows the composition of the carcass expressed in terms

of percentages of the fresh material.

Table 34 shows the composition of the carcass expressed in terms

of percentages of the moisture-free and fat-free material.

There are appreciable losses of moisture which are somewhat

greater, on the whole, than those observed in the case of carcass No. 3,

stored 42 days.

Slight changes in the ash are without significance.

The data for total nitrogen seem to show appreciable decreases in

this constituent. The fact that similar, though smaller, decreases

were noted in the nitrogen content of carcasses Nos. 2 and 3, stored

for 28 and 42 days, respectively, makes it appear that these apparent

losses of nitrogen from the meat during storage may have some sig-

nificance.

Table 33.

—

Composition expressed in terms of percentages of fresh material.

Serial
No.

Description of sample.
Storage
period.

Moist-
ure.

Fat. Ash.
Total
nitro-
gen.

Am-
moni-
acal
nitro-
gen.

Phosphorus.

Total.
Sol-

uble.
Insol-
uble.

31
50

32
51

.33

52

34
53

Round: Right hind quarter.
Round: Left hind quarter. .

.

Rump: Right hind quarter .

Rump: Left hind quarter..

.

I^in: Right hind quarter. ..

Loin: Left hind quarter

Flank: Right hind quarter.

.

Flank: Left hind quarter. .

.

D. H.
3 1

65 22

3 1

65 22

3 1

65 22

3 1

65 22

74.51
73.40

73.01
71.50

71.37
70.10

71.56
55.49

2.85
3.15

4.77
5.73

6.98
7.41

5.81
13.37

1.06
1.07

1.04
1.04

.99
1.06

1.02
1.39

3.52
3.51

3.30
3.37

3.28
3.31

3.51
4.72

0.0103
.0134

.0100

.0132

.0092

.0115

.0088

.0178

0.202
.199

.197

.186

.189

.181

.184

.237

0.156
.157

.150

.145

.144

.136

.148

.186

0.046
.042

.047

.041

.045

.045

.031

.056

Table 34. -Composition expressed in terms of percentages of moisture-free and
fat-free material.

Description of sample.
Storage
period.

Moist-
ure,
fat-

free
basis.

Ash.
Total
nitro-
gen.

Am-
moni-
acal
nitro-
gen.

Phosphorus.

Serial
Xo.

Total. Soluble.
Insol-
uble.

31
50

Round: Right hind quarter.
Round: Left hind quarter...

Change

D.
3
05

H.
1

22
76. 69
75. 78

4.68
4.50

15. 53
11.96

0.0452
. 0572

0.891
.849

0.687
.667

0.204
.182

02 21 - 0.91 - 0.12 - 0.57 -t- .0120 - .042 - .020 - .022

Rump: Right hind quarter..
Rump: Left hind quarter. .

.

Change

32
61

3
65

1

22
76. 07
75.84

4.66
4.57

14.80
14.77

.0449

.0580
.887
.818

.675

.637
.212
.181

61 21 -0.83 - 0.09 - O.OJ -f- .0131 - .009 - .038 - .031

I-oln: Right hind quarter
Loin: Left hind (luartor

Change

33
52

3
65

1

22
76. 73

75. 70
4.57
4.09

15.15
14.71

.0425

. 0513
.871
.800

.664

.005
.207
.201

62 21 - 1.03 -f- 0.12 -0.44 + .0088 - .005 - .059 — .000

Flank: Right hind quarter.

.

Flank: Loft bind quarter

Change

34
63

3
05

1

22
76.97
64.05

4.51
4.45

16.49
15. 10

..0390
.0572

.811

.702
.654
.597

.157

. 1(15

02 21 -11.92 -0.00 - 0.33 -1- .0182 - .049 - .057 + .008
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Table 35 shows the composition of the 0.9 per cent sodium chlorid

extract of the meat expressed in terms of percentages of the fresh

material.

Table 36 shows the composition of the sodium chlorid extract

expressed in terms of percentages of moisture-free and fat-free

material.

The data for total solids show appreciable decreases in this con-

stituent. It will be recalled that carcasses Nos. 1 and 2, stored for

14 and 28 days, respectively, show smaller but appreciable decreases

in total solids, while carcass No. 3, stored for 42 days, showed

irregular changes.

Changes in the ash are in the nature of appreciable decreases,

which, in large part, may be accounted for by the similar but smaller

decreases in total soluble phosphorus, as will be seen if the changes

in soluble phosphorus are calculated in terms of normal potassium

phosphate.

Organic extractives show decreases similar to but smaller than

those noted in the case of total solids.

In the acidity of the samples there are appreciable but not large

increases, which would be slightly larger if correction is made for the

increases in ammonia.

Table 37 shows the changes in the composition of the fat during

storage.

Slight changes in the iodin numbers and refractive indices are

without significance.

There are marked increases in the acidity of the kidney and the

external fats and an appreciable increase in that of the intermuscular

fat. Each of these increases is greater than the corresponding in-

crease in carcass Xo. 3 stored for 42 days. The kidney and external

fats were of very poor quality and the intermuscular fat was of fair

quality.

Tabi.k 37.

—

Composition of fat.

Serial
Xo. Description ofsample.

SloraKe
period.

Iodin
num-
ber.

Refracl-
ivo

index
40° C.

Per
cent

acidity
as oleic

acid.

Ran-
cidity.

Physical
characters.

T). 11.

35 Klflneyfat: Right Ijind finartfr.. 3 1 40. S5 1.4562 0.2R Neg Normal.
54 Kidney fat: l^ttliind quarter 05 22 A\.\y.i 1.45(;8 4.79 ...do.... Strong flavor and

odor.

36 Intfirmu.Hcular fat: KIght hind
(jiiarter.

3 1 50. 44 1.4.';70 .2K ...do Normal.

T)T> TntermiiTuIar fat: T/Cft hind
quarter.

65 22 50. 63 1.4.572 1.47 ...do.... Fair quality.

37 Kr<t<>mal fat: Right hind quarter. 3 I .57. 53 1.4.576 .23 ...do.... Normal.
M Kxtenml fat: Left hliid quarter..

.

65 22 55. K) 1.457« 3. .55 ...do.... Strong flavor and
odor; n o t ho
pronnimced as
No. 54.
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Table 38 shows the distribution of the nitrogen and phosphorus

on the basis of 100 parts of the respective constituents in the meat

at the beginning of the storage period.

There are appreciable decreases in total nitrogen, to which atten-

tion has been called in connection with Table 34:.

There are quite marked decreases in the total soluble nitrogen. It

will be recalled that carcasses Nos. 1 and 2 also showed decreases in

total soluble nitrogen during storage, carcass No. 3 having been the

only one thus far that has shown an increase in total soluble nitrogen

during storage.

CoagTilable nitrogen shows marked decreases, which are consider-

ably greater than those noted in case of any of the carcasses stored

for shorter periods of time. Changes in noncoagulable nitrogen con-

sist in quite marked increases, which, on the whole, are greater than

those observed in any of the carcasses stored for shorter periods of

time.

Proteose nitrogen shows appreciable increases, which, however,

are much smaller than those observed in the cases of carcasses Nos.

2 and 3 stored for 28 and 42 days, respectively, and are approximately

the same as those noted in case of carcass No. 1 stored for 14 days..

These facts indicate clearly that proteoses are simply an intermediate

product in the protein autolj'^sis that takes place in beef during cold

storage.

Changes in amino nitrogen are in the nature of marked increases,

which are greater than those that took place in carcasses stored for

shorter periods of time. These results are in conformity with the

continued increase in amino nitrogen that occurred throughout the

autolysis experiment.

Ammoniacal nitrogen shows appreciable increases, which are

greater than those that took place in any of the previous experiments.

The decided decreases which seem to have occurred in total phos-

phorus are at present inexplicable.

Table 39 shows the distribution of nitrogen and phosphorus ex-

pressed as percentages of total nitrogen and total phosphorus, re-

spectively. For the most part the data for nitrogen do not demand
special discussion. The changes noted indicate an increased pro-

teolysis ; amino nitrogen, in particular, constituting a larger propor-

tion of the total nitrogen than in the carcasses stored for shorter

periods of time.

Changes in insoluble phosphorus are irregular and have no ap-

parent significance.

Soluble phosphorus shows changes which have no more signifi-

cance than the equal and opposite changes in insoluble phosphorus.

The increases in the ratio of soluble inorganic phosphorus to total

phosphorus are exceptionally small in comparison with the length of
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the storage period, and when these changes are expressed in terms

of percentages of the initial ratio of inorganic to total phosphorus

the changes are smaller, on the whole, than those obtained in Ex-
periment No. 1, where the storage period was but two weeks. In
view of the unusually large proportion of inorganic phosphorus

contained in the original material large increases were not to have

been expected, and the changes that did take place should be viewed

from the standpoint indicated in the discussion of the inorganic

phosphorus results obtained in Experiment No. 2, where a some-

what similar condition prevailed. As the material used in this ex-

periment was not quantitatively comparable with that used in any
of the earlier experiments as regards the amount of performed in-

organic phosphorus that it contained, there is no criterion by which

to judge the quantitative significance of the changes in inorganic

phosphorus in the present experiment.

The increments in the ratios of soluble organic to total phosphorus

are small in comparison with the length of the storage period, though

they constitute a decidedly high percentage of the initial ratios.

Relations of the same nature have already been pointed out and dis-

cussed in connection with Experiment No. 2. For the rest, the

changes in the soluble organic phosphorus have no more significance

than the corresponding changes in the soluble inorganic phosphorus.

EXPERIMEXT NO. 5.

HISTOBY OF CAKCASS.

A "grade" Shorthorn steer 3 years old, of prime quality and

highly finished, was slaughtered by the usual methods and the car-

cass was allowed to hang 1 hour and 15 minutes on the killing floor

before being run into the fore cooler. The warm carcass weighed

860 pounds. The carcass was held 19 hours in the fore cooler and

21 hours in the main cooler. The hind quarters were then cut from

the carcass, carefully wrapped, and transported to the city whole-

sale market of the packing house, where they were held five hours in

a cold-storage room having a temperature of about 38° F., and were

then transported to the bureau's cold-storage rooms.

STOEAGE.

The beef was unwrapped, weighed, and hung in cold-storage room
No. 1 until the next day, when one quarter was prepared for analysis.

The second quarter was held in cold storage for an additional period

of 74 days.

The temperature of the cold-storage room ranged for the most part

between 34° and 38° F. On each of two occasions, however, the

temperatuie ran up to 41° F., and on one occasion it rose to 50° F.

ior a part of a day in consequence of difficulties with the refrigerat-
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ing equipment. Temperature conditions were not so satisfactory

as in previous experiments, and as a consequence the time that it

was posssible to carry this quarter of beef in cold storage was prob-

ably shorter than it otherwise would have been. The humidity of

the cold-storage room ranged from TO to 82 per cent.

Observations as to the condition of the beef during storage were

made at approximately weekly intervals, but only a few of them
will be reported.

After 25 days in cold storage the beef was in good condition and

showed no evidences of deterioration. At the end of 53 days in cold

storage the beef was in generally good condition. There was a

fairly heavy growth of mold on the inside of the flank. This part

of the quarter had a rather strong odor, and in consequence of a

poor circulation of air was rather damp. There was a slight growth

of mold on the shank and on the exposed muscular tissue at the butt

of the round. Except as noted above, the meat had no objectionable

odor.

At the end of the storage period, or after 74 days in the bureau's

cold-storage room, and after a total storage period of Y7 days, the

quarter of beef had a generally old and stale appearance. The exter-

nal and kidney fat had turned dark in color and had a rather strong

odor. The flank was dry and hard. There was practically no growth

of mold on the meat. The beef had a rather " old " but not putre-

factive odor.

A veterinary inspector familiar with the commercial handling of

chilled beef pronounced the quarter of beef to be in good mar-

ketable condition, and stated that in his opinion the beef would have

kept a couple of months longer in cold storage. The quarter of beef

showed a shrinkage of 7.47 per cent at the end of the storage period.

QUALITY OP MEAT,

Fresh quarter^ stored 70 Tiours.—This quarter of beef was of very

high grade both as regards form and finish, and was superior to

any of the quarters previously used in these experiments. It was
exceedingly well covered with fat, even well down on the shank;

but the covering of fat was not excessive. This quarter would have

bcf-n classed as " prime " beef. The organoleptic pi-operties of the

broiled test steak were described by the judges as follows:

Mr. B.—Tho stoak has an excellent, flavor ami Is as tender as iiny of tlio ]»ro-

viously oxarnin(!(l sfoaks that were (.'ut from fresli quiirters of hoof. Tlio lou-

(lorloin is fairly tender ; the loin portion is rather tou^h ; and the flank end is

quite tough and stringy and hard to masticate.

Mr. C.—All portions of tlie steak are juicy and have nn excellent flavor. The
tenderloin Is quite tender, the loin portion Is a trille tough, and the flank end
is course, tough, and ruhhery.

CC801°—Bull. 4.3.*)—17 5
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Quarter of heef stored 76 days^ 21 hours.—When the quarter of

beef was cut up preparatory to analysis the cut surface at the butt of

the round was found to have a bright-red color, but the color was not

as bright as that of the corresponding fresh quarter of beef. Where
the surface of the meat had been protected by a fatty covering there

was no darkening of the muscular tissue at the surface, but where the

cut surface had been exposed to the air, e. g., at the butt of the round,

there was a dark brown zone extending inward about one-eighth of

an inch from the surface. The odor from the cut surface of the

meat was sweet, but perhaps a trifle " gamey."

When the loin was cut into the short loin and the sirloin butt

the freshly cut surfaces had a bright-red color and a sweet but
" gamey " odor. There was no darkening of the musculature at the

surface, which was well covered with fat. A slice about three-fourths

of an inch thick was cut from the tip end of the loin, which had
been exposed during storage and had become dry and dark colored,

and the freshly cut surface thus exposed was dark red in color and
had a strong " gamey " but not putrefactive odor. When the meat
was cut up for analysis there were no evidences of putrefaction, and

the meat appeared to be in perfectly sound condition.

The kidney fat was in poor condition, being discolored, and there

was a considerable growth of mold scattered throughout the mass.

The external fat was quite dark in color and had a strong, sour, and
rather penetrating odor.

The raw test steak had a bright-red color and an attractive appear-

ance and a sweet but a trifle " gamey " odor. The opinions rendered

by the judges as to the quality of the broiled steak are as follows:

Mr. A.—The tenderloin is quite tender, rather dry, and lacking in flavor. The
loin portion is quite tender but even drier than the tenderloin, and is lacking

in flavor. The flank end is fairly tender but quite dry and has an " old " flavor.

The fat has an " old " taste.

Mr. B.—On the whole the steak is quite tender but rather dry. It has a
rather " old " but not disagreeable flavor.

Mr. C.—The tenderloin and loin portions of the steak are very tender, juicy,

and palatable. The flank end is quite tender and fairly palatable. On the

whole this steak is superior to any of the other steaks which have been tested

thus far.

CHEMICAL EXAMINATION CAKCASS NO. 5.

Tables 40 to 46, inclusive, show the changes that took place in

the composition of carcass No. 5 during 74 days in cold storage.

Table 40 shows the composition of the meat expressed in terms

of percentages of the original material.

Table 41 shows the composition of the meat expressed in terms

of percentages of the moisture-free and fat-free material.

The data indicate appreciable decreases in the moisture content

of the meat during storage, the decreases being greater than those

that occurred in any of the carcasses previously examined.
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There are slight apparent decreases in the ash which are accom-

panied by decreases in total phosphorus.

Changes in nitrogen and phosphorus compounds will be discussed

in connection with Tables 45 and 46.

Table 40.

—

Composition expressed in terms of percentages of fresh material.

Description of sample.
Storage
period.

Moist-
ure.

Fat. Ash.
Total
nitro-
gen.

Am-
moni-
acal
nitro-
gen.

Phosphorus.

Serial
No.

Total.
Solu-
ble.

Insol-
uble.

44
69

45
70

46
71

Round: Left hind quarter. .

.

Round: Right hind quarter.

Rump: Left hind o^uarter. .

.

Rump: Right hind quarter.

Loin: Left hind quarter
Loin: Right hind quarter. ..

D.H.
2 22

76 21

2 22
76 21

2 22
76 21

73.15
7L27

72.33
69.90

72.06
69.63

3.15
3.30

4.87
5.89

5.34
5.80

1.08
Lll

1.05
1.06

1.03
1.08

3.45
3.58

3.32
3.47

3.36
3.44

0.0101
.0133

.0094

.0128

.0083

.0163

0.206
.206

.195

.198

.190

.196

0.149
.163

.153

.152

.144

.154

0.057
.043

.042

.046

.046

.042

Table 41.

—

Composition expressed in terms of percentages of moisture-free and
fat-free material.

Description of sample.
Storage
period.

Moist-
ture,

fat-

free
mate-
rial.

Ash.
Total
nitro-
gen.

Am-
moni-
acal
nitro-

gen.

Phosphorus.

Serial
No.

Total. Soluble.
Insol-
uble.

44
69

Round: Left hind quarter. .

.

Round: Right hind quarter.

.

Change

D. IT.

2 22
76 21

75. 53
73.70

4.54
4.37

14. 54
14.08

-0.46

0. 0428
.0522

0.870
.808

0.627
.641

0.243
.167

73 23 -1.S3 -0.17 -I-.0094 -.062 -I-.014 —.076

Rump: Left hind quarter. .

.

Rump: Right hind quarter.

.

Change

45
70

2 22
76 21

76.03
74.27

4.61
4.38

14.54
14.33

.0413

.0528
.853
.816

.670

.627
.183
.189

73 23 -1.76 -0.23 -0.21 -I-.0115 -.037 -I-.043 -)-.006

Loin; Right hind quarter
Loin: Left hind quarter

Change

46
71

2 22
76 21

76.13
73.92

4.56
4.38

14.85
14.00

.0366

.0065
.839
.797

.639

.026
.200
.171

73 23 -2.21 -O.IS -0.85 +. 0299 -.042 -.013 029

Table 42 shows the composition of the 0.9 per cent sodium chlorid

extract of the meat expressed in terms of percentages of the original

material.

Table 43 shows the composition of the sodium chlorid extract of

the meat expres.sed in terms of percentages of the moisture-free and
fat-free material.

Changes in the total solids ain; irregular, but on the whole appreci-

able increases in this constituent ha\^e occurred. It is of interest to

note tliat thi.s is the first expeiiment in which there has been an in-

crea.se in the total soluble solids of the meat during storage, j)revious

expeiinients in which the meat had been .stored for shorter j>eriods

of time having shown decreases in this constituent.



'68 BULLETIN 433, U. S. DEPARTMENT OF AGEICULTUEE.

lOr^ 00 »
ss2

-a
oo

o
o£f

s
CQ o

<D OOiO CD 00

^ '"i
"!

o
o

•
CO(M Tt<Tl<

^§o :i o

d

a

lOt^ too 00 00

ss !^S gg3
o

(MCD t^to coco

gsoS
•h O

a

Ph

flSi 'cp lO ^ CO

t-i
fe O 031^ O-^

O
g

, t^.-l t-<M

M.S -^ -^ * Tl< »o-^
C3 42
O 03

O
Q"

^3 050
o d Ort ^ rH

m
f28R CO 00

rd'^S

<4^

-) 1

il § w
^ >- s 113 CO >OtO >OCD

c

m O '

-"1

3-3
OS

tOM
CDt> tot> COt>

^ S

k*; c<i.-( IM^ IM.-I
ii; (N(M O) (N ofcq

-."c^ oq t-m ft

s
ft

a

"S

ft
D'-g

i^ ' u

g
so*

3 a*

a
.a a

Tie C-a
S cj

-^.a
« 52 .a 5

3 "3 ftft
i-irt

o o
aa
P 3 .a "^

'So
rtrt rtrt H^K^

1^
3§ •oo CDi-H

•<«<C^

o

3 S

m o

o a =3

^ O c3

O C3 S
03 tj P
bC-i^ >

o ©

-w 0)
CO ft

COCO

^ lO

coed

(MCO

lOOC

coco

.a3

to M
iJrt

a .a

ftft
aa

-I
-o.a

3^ (3

H^rt



CHANGES liSr FEESH BEEF DURING COLD STORAGE. 69

There are marked apparent decreases in the ash content of the

round and rump, and a slight gain in that of the loin during storage.

These large decreases must be regarded with suspicion.

On account of the suspicious character of the data for ash, positive

value can not be assigned to those for organic extractives.

Increases in acidity are fairly marked and are greater than those

wliich took place in any of the previous cold-storage experiments.

Table 44 shows the changes in the composition of the fat that took

place during storage. The most important changes were very marked
increases in the acidity of the external and the kidney fats, and

an appreciable increase in that of the intermuscjjlar fat. The increase

in the acidity of the kidney fat was nearly twice as great, and that

of the external fat was three times as great, as the corresponding

increases in acidity in the preceding experiment. The increase in the

acidity of the intermuscular fat was only slightly greater than in the

preceding experiment. The kidney and external fats were of very

poor quality, while the intermuscular fat w^as of fair quality.

Table 44.

—

Composition of fat.

Serial
No.

Description of sample.
Storage
period.

lodin
num-
ber.

Refract-
ive

index
40°C.

Per
cent

acidity
as oleic

acid.

Ran-
cidity.

Physical
characters.

47
72

Kidney fat: Left hind quarter
Kidney fat: Eight hind quarter.

.

D.
2

76

H.
22
21

39.85
38.21

1.4562
1.4555

0.34
8.04

Neg
...do

Normal.
Dark y el 1 ow

;

strong, sour
odor; very
strong flavor.

48 Intermuscular fat: Left hind
quarter.

Intermascular fat; Right hind
quarter.

2 22 44.70 1. 4566 .28 ...do.... Normal.

73 76 21 44.03 1. 4562 1.70 ...do.... Normal odor;
comparatively
sweet flavor.

49
74

External fat: Left hind quarter. .

.

External fat: Right hind quarter.
2
76

22
21

50.76
50.21

1. 4.570

1.4560
.34

10.86
...do....
...do....

Normal.
Dark yellow;
strong, sour
odor; strong
disagreeable
flavor.

Table 45 shows the distribution of the nitrogen and the phosphorus

upon the basis of 100 parts of the respective constituents in the meat

at the beginning of the .storage period.

There are api^reciable decrea.ses in total nitrogen that range from

5.72 per cent in the case of the loin to 1.44 per cent in the case of

the rumj). These data confirm the losses in total nitrogen that were

(observed in carcasses Nos. 2, '}, and 4; carcass No. 1 alone having

shown slight apparent gains. The regular occurrence of a decrease

in tlie total nitrogen content of the k^an nu^at from 4 carcasses

stored for periods ranging from 28 to 74 days would appear to in-

dicate an actual loss of nitrogen from the meat during storage.
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Fairly marked increases in the amount of total soluble nitrogen

present in the meat have occurred during this storage period. These

are the first appreciable increases in total soluble nitrogen that have

taken place in any of the carcasses examined thus far. These data

are in keeping with the previously noted increases in total solids in

this experiment.

Coagulable nitrogen shows appreciable decreases, which are prac-

tically the same as those noted in the previous experiments. As has

been previously noted, the data for coaguable nitrogen show merely

the variations in the actual reserve amount of this constituent, and

do not indicate the true extent of the transformation of coagulable

proteins into noncoagulable forms, inasmuch as the supply of coagu-

lable protein is being replenished from the insoluble protein at the

same time as the coagulable protein is being transformed into non-

coagulable compounds. The true extent of the change of coagulable

protein into noncoagulable forms is shown in the data for noncoagu-

lable nitrogen.

Increases in noncoagulable nitrogen, which range from 29.12 to

40.45 per cent, are much greater than the increases that took place

in this constituent in the previous experiment.

Changes in proteose nitrogen are in the nature of increases, which

are greater than those that took place in any of the previous experi-

ments except Experiment No. 2.

The amino nitrogen almost doubled in the round and rump, and
more than doubled in the loin during the storage period. The in-

creases are larger than any corresponding increases that occurred in

this constituent during the shorter periods of the previous experi-

ments. The results are in continued conformity with the results of

the autolysis experiment.

Ammoniacal nitrogen increased in each of the cuts analyzed. The
increases in the round and rump, however, were not as great as the

corresponding increases in Experiment No. 4, a fact which stands in

no connection with the amounts of preformed ammonia in the ma-

terial, but which must be accounted as a distinct exception to the

rule that seems to have api^lied in most of these experiments. The
increase in the loin, on the other hand, was tKe largest that had yet

been observed in this constituent.

Changes in total phosphorus consisted in quite marked apparent

decreases, the significance of which is not clear.

Table 46 shows the distribution of nitrogen and phosphorus ex-

pressed as percentages of total nitrogen and total phosphorus.

Soluble nitrogen makes up a smaller proportion of the total nitro-

gen of the fresh quarter of this carcass than it made in case of any
fresh quarter previously examined.

Coagulable nitrogen forms a smaller proportion of the total nitro-

gen of the meat, both at the beginning and at the end of the storage
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period, than in the case of the corresponding quarter of any of the

other carcasses examined to date.

Changes in insoluble phosphorus are irregular and of undeter-

mined significance.

Total soluble phosphorus underwent irregular changes that have

no determined significance.

The increases that took place in the soluble inorganic phosphorus

content of the meat during the storage period of 74 days are greater

for each portion of the carcass analyzed than any corresponding in-

crease obtained in the earlier experiments of this series. The ma-
terial used for this experiment is directly comparable, in regard to

the amount of inorganic phosphorus that it originally contained, to

the material that was used in Experiments Nos. 1 and 3. The in-

creases noted are therefore in continued accord with the results of

the autolysis experiment.

Changes in the ratios of organic to total phosphorus possess no
more significance than do the corresponding changes in the inorganic

phosphorus ratios.

EXPERIMENT NO. 6.

HISTOEY OF CAECASS.

A "grade" Shorthorn steer 3^ years old, of good conformation

but only fairly well finished, was slaughtered in the usual manner,

and the carcass after hanging for 1 hour on the killing floor was
run into the fore cooler. The carcass was held 14J hours in the fore

cooler, having a temperature ranging from 34° to 41° F., and 50

hours in the main cooler, having a temperature of 30° F. The hu-

midity of the fore cooler was 100 per cent of saturation at the time

the carcass was placed in storage. After storage for 64| hours in

the packing-house coolers, the hind quarters were cut from the car-

cass, and one quarter was carefully wrapped and transported to the

bureau's cold-storage room, where it was promptly prepared for

analysis. The total storage period for this quarter of beef was 66

hours.

STOEAGE.

The second quarter of beef was held in storage in the main cooler

of the packing house in order to determine how long beef could be

held in cold storage under commercial conditions such as existed in

this cooler, as compared with the length of time that it could be held

in storage in the bureau's experimental cold-storage room where the

other quarters of beef had been held in storage. This packing-house

cooler, which can accommodate about 250 carcasses of beef, was kept

nearly filled with beef during the course of the experiment.

The temperature of the cooler ranged from 28° to 32° F. during

the storage period, but for the most part remained at about 32° F.,
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while the humidity varied from 92 to 95 per cent of saturation. The
humidity appears relatively high, yet the cooler was in apparently

dry condition throughout the course of the experiment. There was
no condensation of moisture on the walls or ceiling, and the surfaces

of the carcasses were dry and firm. The circulation of air appeared

to be excellent. The high humidity, apparently, was due to the

continuous evaporation of moisture from the carcasses of beef held

in cold storage.

After 20 daj^s of storage the quarter of beef was in excellent condi-

tion and no growth of mold had appeared on the meat. At the end

of 40 days of storage the beef was in fairly good condition. There

was a light growth of mold over most of the quarter except on the

top of the loin, where there was a heavy covering of fat. The growth

of mold was heaviest on the cut end of the loin, on the exposed flank

muscles, and on the under side of the loin. There was a slightly sour

odor at the. cut end of the loin. The meat was still in good market-

able condition and would have needed but little trimming. After

storage for 55 days the beef was in such condition that it was deemed
inadvisable to carry it longer in cold storage. There was a- heavy

growth of mold over most of the quarter, except on the upper side

of the loin, where there was a heavy covering of fat. There was a

slightly " off " odor at the cut end of the loin, but practically no odor

from the rest of the quarter. It showed a shrinkage of 3.27 per cent

during storage. The quarter of beef was carefully wrapped and
transported to the bureau's cold-storage room, where it was held a

day longer at a temperature ranging from 34° to 48° F., after which
it was prepared for analysis.

QUALITY OF MEAT.

Quarter of heef stored 06 hours.—This quarter of beef was of fair

quality and finish. The loin was well covered with fat, while the

round, particularly about the shank, was only fairly well covered.

There Avas a good but not an excessive deposit of kidney fat. The
broiled test steak cut from this quarter was described by the judges

as follows

:

Mr. A.—The tonderloin is fairly tender, tlio loin portion is quite tough, itnd

the flank end is v(!ry tough. The flavor of the steak is very good.

Mr. B.—The flavor of the steak is excellent. For a fresh steak it is fairly

tender. The tenderloin is the most tender and the flank end the least so.

Mr. C.—The tenderloin is rornparatively tender, the loin portion rather tough,

and the flfinJc end very tough and rubbery. The steak is .iuicy and has an
excellent flavor.

Quarter of heef stored 56 days., 18 hov/rs.—TVTien the quarter of

beef was cut up for analysis tlie cut surface at tlie butt of the round

was found to have a briijrht-red color. Where the surface of the
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meat had been but thinly covered with fat, and where the muscular

tissue had been exposed, there was a dark-brown zone extending to

a depth of from one-sixteenth to one-quarter of an inch from the

surface. The loin was in good condition and showed no evidences

of putrefaction.

The raw steak showed no evidences of putrefaction. The opinions

rendered by the judges as to the organoleptic properties of the broiled

steak are as follows

:

Mr. A.—The tenderloin is very tender and is one of the best pieces of meat
which we have tested. The loin portion is comparatively tender and has an
excellent flavor. The flank end is somewhat tough, but is palatable. The steak

has an excellent flavor.

Mr. B.—On the whole the steak is very tender, perhaps the most tender steak

of the series. The flavor is not so good as that of the fresh steak, particularly

at the outer portion, which has an " off " flavor. The flavor of the fat has

deteriorated.

Mr. C.—The steak is tender and juicy, but lacking in flavor. The tenderloin

is very tender and the loin portion is fairly tender. The flank end is compara-

tively tender, more so, in fact, than the same portion of any of the steaks pre-

viously tested.

CHEMICAL EXAMINATION OF CAECASS NO. 6.

Tables 47 to 53, inclusive, show the changes which took place in

the composition of carcass No. 6 during 54 days in cold storage.

Table 47 shows the composition of the meat expressed in terms of

percentages of the original material.

Table 48 shows the composition of the meat expressed in terms of

percentages of the moisture-free and fat-free material.

There are slight decreases in the moisture content of the meat,

and the changes in the percentage of ash present are insignificant.

Changes in nitrogen and phosphorus compounds will be consid-

ered in connection with Tables 52 and 53.

Table 47.

—

Composition expressed in terms of percentages of fresh material.

Serial
No. Description of sample.

Storage
period.

Mois
ture.

Fat. Ash.
Total
nitro-
gen.

Am-
moni-
acal
nitro-
gen.

Phosphorus.

Total.
Solu-
ble.

Insol-
uble.

82
94

83
95

84
96

Round : left hind quarter
Round: Right hind quarter.

Rump: Left hind quarter . .

.

Rump: Right hind quarter .

Loin: Left hind quarter
Loin: Right hind quarter . .

.

D.H.
2 18

56 18

2 18
56 18

2 18
56 18

74.46
73.80

72.71
72.64

70.93
70.75

3.52
3.61

5.71
5.79

8.16
7.43

1.05
LOS

1.00
LOS

0.97
1.00

3.31
3.35

3.16
3.20

3.19
3.25

0. 0097
.0104

.0094

.0103

.0086

.0104

0.195
.197

.191

.183

.183

.177

0.162
.153

.144

.144

.139

.135

0.043
.044

.047

.039

.044

.042
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Table 48.

—

Composition expressed in terms of percentages of moisturefree and fatfree
material.

Serial
No.

Description of sample.
Storage
period.

Mois-
ture,
fat-

free
basis.

Ash.
Total
nitro-
gen.

Am-
moni-
acal
nitro-
gen.

Phosphorus.

Total. Soluble.
Insol-
uble.

82
94

Round: Left hind quarter. .

.

Round: Right hind quarter .

Change

D. H.
2 18

56 18
77.17
76.56

4.75
4.76

15.00
14.83

0.0439
.0462

0.883
.871

0.688
.677

0.195
.194

54 - 0.61 + 0.01 - 0.17 + .0023 - .012 - .011 — .001

Rumn: Left hind quarter. .

.

Rump: Right hind quarter.

.

Change

83
95

2 18
56 18

77.12
77.11

4.61
4.78

14.64
14.84

.0434

.0477
.885
.848

.669

.666
.216
.182

54 - 0.01 + 0.17 + 0.20 + .0043 - .037 - .003 - .034

Loin: Left hind quarter
Loin: Right hind quarter

84
96

2 IS
56 18

77.23
76.42

4.64
4.56

15.24
14.89

.0410

.0478
.876
.810

.663

.619
.213
.191

54 - 0.81 - 0.08 - 0.35 + .0068 - .066 - .044 — .022

Table 49 shows the composition of the 0.9 per cent sodium chlorid

extract of the meat expressed in terms of percentages of the original

material.

Table 50 shows the composition of the meat expressed in terms of

percentages of moisture-free and fat-free material.

The amount of total soluble solids present in the meat has in-

creased considerably during the storage period. It is of interest to

note in this connection that only one other carcass that has been ex-

amined thus far, viz, carcass No. 5, stored for 74 days, has shown
appreciable increases in total soluble solids during storage. The
increases that took place in this constituent in carcass No. 6 are

greater than those which took place in carcass No. 5.

There are appreciable increases in ash of extract, the significance

of which is not yet apparent.

Increases are observed in organic extractives that are similar to,

but smaller than, the increases in total soluble solids.

Changes in the acidity of the meat during storage are irregular

and without significance.

Table 51 shows the changes that took place in the composition of

the fat during storage. The appreciable changes that appear to

have taken place in the iodin ab.sorption numbers of the samples are

proljably due to irregularities in the sampling of the fatty tissues

rather than to actual changes in the iodin absorptive values of the

fats.

The principal changes that took place in the fats during storage

were fairly marked increases in the acidity of the kidney and exter-

nal fats, and an appniciable increase in the acidity of the intonnns-

ciilar fat. On the whole the inctrc.ases in the acidity of the fats oT

this carcass are approximately equal to those that took place in this

fotisf iluent in earea.ss No. 4, which was st'ored for 0;^> days in the

hiireau's cold-storage room.



76 BULLETIN 433, U. S. DEPARTMENT OF AGEICULTTJKE.

53
CO o

o.Sa

A l=! IB

fe; o 03

a<2
O o3

O ®

coco OiO OOi
00 00 00

01 Ol Oi 1—t 00 1—1

Or-I Oi-H Oi-H

M CO Tf -^ O^lTi
UO lO -rt' "Tf* CO CO

(M CO Oi 05 t^ CO
oc o 1.^ o r- 05
OrH O^ 00

00 03

00
wco coo
CM I^- 1-H CO00 00

CDt-4 OOcO OCTtI
05 00 00 -^t CO lO
CO -^ CO Tf CO''*'

•^ t^ <N O <M -

OCO O OD
CO tH I>- CO
0005 OOOi

Oi-< J^ tH '^ CD
r- f- cot^ CO lO

lO O CO O t^ GO

U^ uO LC 10 ITS O

COW t-CO NOO
I> 05 CO Oi 00 00

»-f(N OCO OS to
(NCO ^* 00 « l>.

COCO CO CO coco

J 00 CO 00 CO CO 00

*C<lcO C^cD WCO
Q^ o

a o

p. Oh

aa
««

ts
0*73

.s.g
o o

QO Oi 00 O^ OC' 05

s??;

^

Ss

O

t~co oq 1 Ol>-

(Ni-H C^40

d

« CO(N COC<l

5^"
fS 2

3 + + +

a 00 r- coo: •^

a -23 CO 10 c ro CO
fl d d • • •

Ph ^0

d
a

(M ^ 00 t-
P^

a
co^ mo rH co-^

+ + +

(M-aH (M 000 00 (Mt- lO

og ocs t-H CO 1 0<N

+ + +

J OM rn CO 00 (M

rt(N rtlN <= rHIM

d ^1^ + +
11

+
§ II

:h ^
3 ®

'^
03^
d0-

(Nth C
1

cicM

1

r4cii d
1

•
10 (N t- If coo

3

o> C c ^co
CO'fl' c CO-* c -^••t d

+ + +

m ^ en r- oc rM
C3 c 03 IN

SS MO- OICO c coe^ d
SS 1

-+
1<-'

J , ^ y~^ t- COIM
cc !>.

*.§ g c ,_^

3®-^
CTIM + CSC^ -+ +

c

10 b- c>

fl
OJC:

CO-* c ^Tt c co-^ d
-^ + 4 +

m
3-3

C: WtC o- -IO! 00

(N? + ss + g^ +

b^SS 000c 000c

5S q^g •* (NtC •rt

m ft 10

oi

ft

a
s™

t~
t.

3

3 =

Si
t.

+3 l^
C3 -

11 1-
^5ft

'3.H

f

"CS D^-c

.S-S 3.5

iif a
bj

fit

n ^ fl-1- ?n

3 C
3 E

C SB
as f^C

c 3 = c
P^p: P4p: iJ^J

lo
(N -^
00 O" 00 O! 000

gj?;
tn 1



CHANGES IN FRESH BEEP DUEING COLD STORAGE. 77

Table 51.

—

Com'position of fat.

Serial
No.

Description ofsample.
Storage
period.

lodiQ
num-
ber.

Refrac-
tive
index
40°C.

Per
cent

acidity
as oleic

acid.

Ran-
cidity.

Physical
characters.

83
97

86

9S

87
99

Kidney fat: Left bird quarter
Kidney fat: Eight hind quarter.

.

Intermuscular fat: Left hind
quarter.

Intermuscular fat: Eight hind
quarter.

External fat: Left hind quarter...
External fat: Right hind quarter.

.

D. H.
2 18
56 18

2 18

56 18

2 18
56 18

41.65
39.38

48.91

49.42

53.60
56.75

1. 4560
1.4560

1.4570

1. 4570

1.4575
1.4575

0.34
3.10

.28

1.24

.39
4.29

Neg
...do

...do.-..

...do....

...do....

...do....

Normal.
Do.

Do,

Slight meaty
odor and
flavor.

Normal.
Do.

Table 52 shows the distribution of nitrogen and phosphorus upon
the basis of 100 parts of the respective constituents in the meat at

the beginning of the storage period.

Changes in total nitrogen are slight and irregular and are with-

out significance.

Total soluble nitrogen shows fairly marked increases. This is

the third experiment of this series where there has been an appre-

ciable increase in the total soluble nitrogen in the meat during stor-

age; the others have been Experiment No. 3, where the storage period

was 44 days, and Experiment No. 5, where the storage period

amounted to T4 days.

The changes in coagulable nitrogen consist in appreciable decreases,

which are approximately equal to those that took place in carcass

No. 1, stored for 14 days, but Avhich are much smaller than those

observed in carcasses Nos. 2 and 3, stored for 28 and 42 days,

respectively.

Changes in noncoagulable nitrogen represent the true extent of

the change of coagulable proteins into noncoagulable forms. Fairly

marked increases are noted in this constituent, these increases being

approximately equal to those observed in case of carcass No. 3, which

had been stored for 42 days in the bureau's cold-storage room.

Proteose nitrogen shows very large relative increases, which are

larger than those that took place in this constituent in any of the

previous experiments of this series.

The increases in the amino nitrogen that occurred during this

experiment are smaller throughout than the corresponding increases

obtained in Experiment No. 3, where the storage period was 42 days

in length. This is the first instance in this series of experiments

in which the amino nitrogen has failed to show a continued increase

when the cold-storage period was lengthened. This fact is probably

due to tlie changed conditions of storage.

'J'ho average increa.se in amnioniacal nitrogen in this experiment is

less than the average increase in P.xperiment No, 2, where the storage
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period was but half as long ; while each increase is less than the corre-

spondinfij increase in Experiment No. 3, where the storage period was
but three-fourths as long, and where the preformed ammonia was
present in the original material in about the same quantity as in the

present experiment.

Each portion of the stored quarter contained less total phosphorus

than the corresponding portion of the fresh quarter. The signifi-

cance of these apparent decreases is far from being clear.

Table 53 shows the distribution of nitrogen and phosphorus ex-

pressed as percentages of total nitrogen and total phosphorus.

The data for nitrogen do not demand special discussion.

Changes in insoluble phosphorus are of the usual irregular nature

and their significance has not been established.

The changes in soluble inorganic phosphorus are in the nature of

distinct increases. As regards the amount of preformed inorganic

phosphorus that it contained, the fresh material is comparable to that

used for Experiments Nos. 1 and 3. By comparing the increases in

the inorganic phosphorus ratio in the same three experiments it is

found that the increases during the 54-day storage period of the

present experiment are greater, on the whole, than the corresponding

increases effected by the shorter periods of storage of Experiments

Nos. 1 and 3, the only exception being that the change in the round in

this experiment is somewhat less than the corresponding change in

Experiment No. 3. On the whole, the results are in conformity with

those obtained in the autolysis experiment.

Changes in- soluble organic phosphorus are of less significance than

the corresponding changes in inorganic phosphorus.

EXPERIMENT NO, 7.

HISTOKY OF CAKCASS.

A " grade " Shorthorn steer 4 years old, rather rough in conforma-

tion and only fairly well finished, was slaughtered in the usual

manner. The carcass was allowed to hang 1 hour on the killing

floor, after which it was run into the fore cooler, where it was held

IG hours, and then into the main cooler, where it was held 51 hours

at 30'^ F. The humidity of the fore cooler was 93 per cent and that

of the main cooler 92 per cent of saturation. The weight of the

warm carcass was 814 pounds. After storage in the packing-house

coolers for a total period of 07 hours, the hind (jiiarters were cut from

the carcass, carefully wrapped, and transported to the bureau's cold-

storage rooms, Avhfte one hind quarter was immediately pi'cpared

for analysis while the othe/- was placed in cold-storage room No. 1,

where it was held in storage.



80 BULLETIN 433, U. S. DEPARTMENT OF AGRICULTUEE.

STORAGE.

The second quarter of beef was held in cold storage for an addi-

tional period of 177 days. The temperature of cold-storage room

No. 1 remained fairly uniform, ranging between 32° and 36° F.

during the larger part of the time. On a few occasions the tem-

perature ran up to from 39° to 48° F. for a few hours at a time, in

consequence of difficulties that were experienced with the refrigerat-

ing equipment, which finally necessitated the bringing of the experi-

ment to a close. It is not considered that the rises in temperature

that have been noted affected the value of the experiment appreci-

ably; although the meat could have been held in cold storage for

some time longer had these difficulties not been encountered. The
humidity of the cold-storage room varied from 70 to 84 per cent

of saturation. The following are a few of the observations that

were made concerning the condition of the beef during storage:

After it had been 48 days in cold storage the quarter of beef was

in generally good condition. The exposed flank and shank muscles

had become darker in color and rather hard and dry in texture.

There was a slight growth of mold on the cut muscular surfaces at

the butt of the round and the tip of the loin.

At the end of 98 days of cold storage the beef was still in good

condition. The color of the fat had changed from an original light

yellow to a grayish white. There was a rather heavy growth of mold
on the inside of the flank and lighter growths on the tip of the loin

and on the exposed muscular tissue at the butt of the round. A
slight odor was given off from the exposed, cut, muscular surfaces,

but none was apparent from other parts of the quarter.

At the close of the storage period, or after a total period of 180

days of cold storage, the quarter of beef had a badly desiccated

appearance, the flank being as hard as a board, and the muscles at

the shank being hard, shrunken, and dark-brown in color. There was
a slight growth of mold on the flank, on the tip of the loin, and on

the exposed muscles at the butt of the round. The fat had become
very dark in color. Although there were no apparent evidences of

putrefaction, the quarter of beef was considered not to be in good
marketable condition on account of the badly dried out condition of

the meat.

The beef showed a shrinkage of 10 per cent during storage.

QUALITY OF MEAT.

Quarter of heef stored 68 hours.—This quarter of beef was of only

fair quality, being rather rough in form and very unevenly covered

with fat. There was a heavy covering of fat on the top of the loin,

while the round was poorly covered. The organoleptic properties
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of the broiled test steak were described by the respective judges as

follows

:

Mr. A.—^The tenderloin is fairly tender, the loin portion rather tough, and
the flank end very tough. All portions of the steak have a good flavor.

Sir. B.—^As a whole the steak has a good flavor and is fairly tender. The
different portions follow the usual order as regards tenderness.

Mr. C.—The tenderloin and loin portions of the steak are comparatively

tender, while the flank end is rather tough. The steak is juicy and has a
good flavor.

Quarter of heef stored 179 days^ W hours.—^When the quarter of

beef was cut up for analysis, the cut surface at the butt of the round

had a normal red color. Wliere the surface of the meat was covered

with fat, the red color extended to the fat; but where the muscles

were exposed to the air, there was a dark-brown zone extending

inward to a depth of about a quarter of an inch from the surface.

The odor from the cut surface was a trifle " old " and somewhat acrid,

but there was no odor of putrefaction. When the loin was cut up,

the freshly cut surfaces had about the same appearance and odor as

had the cut surface of the round. The kidney and external fat had
a strong and rather rancid odor. The opinions of the judges as to

the organoleptic properties of the broiled test steak were as follows

:

Mr. A.—The loin portion is rather dry and has an " old " and rather unpleas-

ant flavor. The flank portion is tougher than the loin and has an " old " flavor.

Mr. C.—On the whole the steak is comparatively dry and tough. The flavor

is " old " and a trifle unpleasant. The quality of this steak is not nearly so

good as that of steaks previously tested which had been cut from quarters of

boef that had been held in cold storage for a few weeks. This steak may be

classed as edible, but not palatable. No ill effects were suffered from eating

the meat.

CHEMICAL EXAMINATION OF CAECASS NO. 7.

Tables 54 to CO, inclusiA'e, show the changes which took place in

the composition of carcass No. 7 during 177 days in cold storage.

Table 54 shows the composition of the meat expressed in terms of

percentages of the original material.

Table 54.

—

Composition expressed in terms of percentages offresh material.

De.scriptlon of .sample.
K(,f)raf;<;

period.
Mois-
ture.

Fat. Ash.
Total
nitro-

gen.

Am-
moiii-
acal
nilro-
gon.

Phosphorus.

.•^rial

No.
Total.

Solu-
ble.

In-
solu-
ble.

88
IH

80
ll.'j

00
110

Ronnfl: I/«ff. hint] quartor...
Round: Right hind quarter.

.

Utimp: I,efthinfl quarter...
Uump: Right hind quarter.

.

I.oln: T,ftft hind ouarlpr
Lojji: Right hind quarter...

D. II.

2 20
170 20

2 20
170 20

2 20
170 20

7.3. .50

70. 01

71. (il

70.:j(}

(10. Of,

60.80

3.7.3

4. m
0.32
r>.77

O.Ol
U. 10

1.07
1.13

1.01

l.OS

.08
1.00

3. -12

3.40

3. 2«
3.40

3.23

0.0003
.010(1

.0001

. 02or)

. 0070

.0187

0.201
. 203

.104

.100

.183

.185

O.l.^?

.103

.115

.154

.144

.114

0.044
.040

.049

.036

.039

.041

56861°—Bull. 433—17 6
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Table 55 shows the composition of the meat expressed in terms of

percentages of the moisture-free and fat-free material.

k. The decreases in the moisture content of the meat during storage

are greater than those that took place in any of the other carcasses of

this series during shorter periods of storage, excepting in case of car-

cass No. 5 stored for 76 days.

Slight irregular changes in the ash content of the meat have no

significance.

Table 55.

—

Composition expressed in terms of percentages of moisture-free and
fat-free viaterial.

Serial
No.

Description ofsample.
Storage
period.

Mois-
ture,

fat-free

basis.

Ash.
Total
nitro-
gen.

Am-
moni-
acal

nitro-
gen.

Phosphorus.

Total.
Solu-
ble.

Insolu-
ble.

88
114

Round: Left Mad quarter ..

.

Round: Right hind quarter.

.

Change

D.H.
2 20

179 20
76.45
74.37

4.72
4.62

15.07
14.28

0.0410
.0805

0.888
.832

0.693
.665

0.195
.167

177 - 2.08 - 0.10 - 0.79 + .0395 - .036 - .027 - .028

Rump: Left hind quarter . .

.

Rump: Right hind quarter.

.

Change

89
115

2 20
179 20

76.44
74.66

4.56
4.52

14.75
14.62

.0411

.0857
.878
.794

.656

.644
.222
.150

177 - 1.'78 - 0.04 - 0.13 + .0446 - .084 - .011 - .072

Loin: Left hind quarter
Loin: Right hind quarter

Change

90
116

2 20
179 20

75.89
74.41

4.47
4.54

14.70
13.96

.0361

.0780
.836
.769

.658

.599
.178
.170

177 -1.48 + 0.07 - 0.74 + .0419 - .066 - .059 - .008

Table 56 shows the composition of the 0.9 per cent sodium chlorid

extract of the meat expressed in terms of percentages of the original

material.

Table 57 shows the composition of the sodium chlorid extract of

the meat expressed in terms of percentages of the moisture-free and
fat-free material.

The amount of total soluble solids present in the meat increased

considerably during storage, the increase being greater than that

which took jolace in any of the previous experiments of this series.

Similar changes are noted in the organic extractives.

Changes in acidity are irregular and comparatively small and are

without significance.

Table 58 shows the changes which took place in the composition of

the fat during storage.

Appreciable decreases have taken place in the refractive indices

of the samples, which are in harmony with the large increases in the

amount of free acid present in the samples.

Large increases have talren place in the acidity of the kidney and
external fats, the increases amounting to 10.04 and 9.48 per cent,

respectively. These increases in acidity are greater than those that

took place in these fats in any of the previous experiments of this

sseries, except Experiment No. 5, where the increase amounted to
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10.52 per cent. A comparatively small increase, amounting to 1.01

per cent, took plaxje in the acidity of the intermuscular fat. This

increase is smaller than some of the increases which took place in

the acidity of this fat in carcasses that had been stored for shorter

periods of time.

The kidney and external fats from the stored quarter had strongj

rancid odors, gave positive reactions for rancidity, and were of very

poor quality in general. The intermuscular fat was of fair quality

and gave no reaction for rancidity.

Table 5S.—Composition of fat.

Serial
No. Description of sample.

Storage
period.

lodin
num-
ber.

Refrac-
tive
index
40° C.

Per
cent

acidity
as oleic

acid.

Ran-
cidity.

Physical
characters.

91
n?

Kidney fat: Left hind quarter
Kidney fat: Right hind quarter...

D. H.
2 20

179 20
41.72
39.56

1.4563
1.4550

0.39
10.43

Neg
SI. pos .

.

Normal.
Very strong, ran-
cid odor.

92 Intermuscular fat: Left hind
quarter.

Intermuscular fat: Right hind
quarter.

2 20 48.59 1.4573 .34 Neg Normal.

118 179 20 49.26 1.4560 1.35 ...do Do.

93
119

External fat: Left hind quarter. .

.

External fat: Right hind quarter.
2 20

179 20
56.41
56.68

1.4583
1.4570

.39
9.87

...do
SI. pos .

.

Do.
Strong, rancid
odor.

Table 59 shows the distribution of nitrogen and phosphorus upon
the basis of 100 parts of the respective constituents in the fresh

quarter.

Fairly marked decreases have taken place in the total nitrogen

content of the round and loin, and a slight decrease in that of the

rump. These losses in nitrogen confirm similar losses in this con-

stituent that have taken place in all of the other experiments of this

series except Experiment No. 1, where slight apparent gains in

nitrogen were noted.

Marked increases took place in the soluble nitrogen content of

the round and rump during storage, these increases being greater

than those which took place in the same parts of the carcass in any

of the previous experiments. On the other hand, there was a slight

decrease in the soluble nitrogen content of the loin during storage.

Coagulable nitrogen shows fairly marked decreases in the case of

the round and loin and an appreciable decrease in the case of the

rump. These losses are not nearly so great as those which took

place in Experiments Nos. 4 and 5, where the storage periods

amounted to 63 and 74 days, respectively.

The amounts of noncoagulable nitrogen present in the different

parts of the carcass have increased to a greater extent in this experi-

ment than in any of the previous experiments. However, the in-

creases in noncoagulable nitrogen in this experiment, where the
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carcass had been held in storage for a period of 1T7 days, are only

slightly larger than those that took place in Experiment No. 5, where
the carcass had been held in storage for a period of only 74 days.

The increases that have taken place in proteose nitrogen are com-

paratively small, being only slightly gi-eater than those which took

place in the carcass stored two weeks, and not so large as those which

took place in the carcass stored four weeks.

Amino nitrogen more than doubled during the 177-day storage

period in each part of the carcass examined. That the largest in-

creases were effected during the longest period of storage is in final

conformity with the results obtained in the autolysis experiment.

Ammoniacal nitrogen increased to a greater degree during the

storage period in this experiment than it had previously increased

during the shorter storage periods, the increases each amounting to

approximately 100 per cent.

The total phosphorus content of each portion of the stored quar-

ter was less than that of corresponding portions of the fresh quarter.

The average apparent decrease was greater than the average ap-

parent decrease in this constituent in anj of the previous experi-

ments, and was accompanied by the largest average loss of total

nitrogen. The cause of these apparent losses is not evident.

Table 60 shows the distribution of nitrogen and phosphorus ex-

pressed as percentages of total nitrogen and total phosphorus. These

data are of particular interest in view of the fact that one of the

quarters of this carcass of beef had been held in cold storage at a

temperature above freezing for a period of nearly six months.

As regards the nitrogen compounds, the quarter of beef that had
been held in cold storage for a period of 180 days contained a larger

proportion of its total nitrogen in the forms of total soluble, non-

coagulable, amino, and ammoniacal nitrogen, respectively, than did

any of the carcasses that had been stored for shorter periods of time.

On the other hand, the proportions of total nitrogen present in the

forms of proteose and coagulable nitrogen had, in this quarter, val-

ues that were intermediate between their highest and their lowest

values in this series of experiments.

Insoluble phosphorus, even with the long storage period of this

experiment, showed irregular changes, increasing in the loin and de-

creasing in the round and rump, so that no additional light is thrown

upon the nature of the changes in this constituent during cold storage.

Changes in total soluble phosphorus are irregular and have no

determined significance.

The actual increases which occurred in the ratios of soluble inor-

ganic phosphorus to total phosphorus during the storage period of

this experiment are greater than the corresponding increases which

have taken place during the shorter periods of previous experiments,

although the change per cent in this ratio, in case of the round, is



CHAISTGES IN FRESH BEEF DUEIISTG COLD STORAGE. 87

less than that obtained in Experiment No. 5. The changes, on the

vrhole, are rather small in comparison with the length of the storage

period ; though it should be noted, in this connection, that the amount
of preformed soluble inorganic phosphorus in the fresh meat was

rather large.

The changes that took place in the ratios of soluble organic phos-

phorus to total j)hosphorus hare rather less significance than the

corresponding changes in the inorganic phosphorus ratios.

SUMMARY OF CHEMICAL AND PHYSICAL STUDIES.

The general purpose of the cold-storage experiments, the results

of which have been reported in some detail, was to determine thei

cause, nature, and extent of the changes that take place in fresh beef

during cold storage, with particular reference to the effect of such

changes upon the wholesomeness and nutritive value of the product.

As regards the conditions of storage, the experiments may be di-

vided into two groups, the first of which would include those experi-

ments carried out in the bureau's cold-storage room, and the second

of which would consist of the single experiment conducted in the

paclring-house cooler. The first group includes Experiments Nos.

1, 2, 3, 4, 5, and T, while the second group consists of Experiment

No. 6. The two series of experiments are of value in showing the

effect of different conditions of storage upon the nature and ex-

tent of the changes which take place in beef during storage, and

upon the length of the storage period.

In the experiments of the first group the conditions of storage

were fairly uniform, the temperatures varying between 32° and 36°

F., and the humidity between 70 and 80 per cent of saturation. The
principal variable element in these experiments was the length of

the storage period, so that, in large part at least, the difference in

the extent of the changes which took place in the beef in the several

experiments may be considered as due to this factor.

In the case of Experiment No. 6, which was carried out in the

packing-house cooler, the conditions of storage were also fairly uni-

form throughout the experiment. The temperature varied between
28° and 32° F., but remained, for the most part, at 32° F., and the

humidity ranged from 92 to 95 per cent of saturation.

Certain differences were observed in the initial composition of the

beef used in the several experiments, and these had to ])o tnlccn into

fonsideration in order properly to interpret the changes that took

J)] ace in the meat during storage.

PHYSICAL f'riAItAC'l'KUIS'I'TflS 01' 'I'lIK HREF.

In the series of experiments carried on in tlic l)ureau's cohl-storage

room, the principal effects of storage uf)on the joliysical cliai'acttM'istics

of tlie Ixicf were shrinioige in weight and a hardening and darkening
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of the exposed muscular and fatty tissues. The shrinkage in weight

varied from 2.15 per cent in the case of the beef held in cold storage

for 14 days to 10 per cent in that held in storage for 177 days. Slight

growths of mold appeared on the exposed muscular tissues in the

middle stages of this series of experiments, but did not become exten-

sive even in the case of the beef stored for 177 days. In fact the

progressive drying out of the meat during storage inhibited the

growth of mold. The hardening and darkening of the tissues of the

meat, together with its shrunken appearance after the longer periods

of storage, undoubtedly lowered the market value of the product, en-

tirely apart from any question as to its wholesomeness or nutritive

value. On the other hand, the physical changes which took place in

the beef stored for 2 and 4 weeks, periods which correspond to the

length of time that beef is held in cold storage in commercial prac-

tice, were not' marked and did not lower the market value of the

product.

In the experiment which was carried on in the packing-house

cooler, where the temperature was slightly lower and the humidity

much higher than in the bureau's cold-storage room, the shrinkage in

the weight of the beef at the end of the 54-day storage period

amounted to 3.27 per cent, as compared with 5.26 per cent in the case

of the beef stored in the bureau's cooler for only 28 days.

The beef stored in the packing-house cooler was covered with a

heavy growth of mold after 54 days in storage, so heavy, in fact, that

it appeared that the meat could not be carried safely in storage for a.

longer time, and the experiment was concluded. The beef was con-

sidered still to be in marketable condition. The lowered shrinkage

and the increased growth of mold noted in this experiment were un-

doubtedly the result of the greater humidity of the packing-house

cooler, as compared with that of the bureau's cold-storage room.

ORGANOLEPTIC PROPERTIES OF THE BEEF,

The principal effect of cold storage upon the organoleptic proper-

ties of the beef was a marked increase in tenderness; but the extent

of this change did not bear a direct relation to the length of the

storage period. In fact, the increase in tenderness of beef stored

for from 2 to 4 weeks was practically as great as that in beef stored

for much longer periods of time.

Although flavor is one of the qualities of meat in the judgment of

which individuals may differ greatly, yet it was the opinion of the

authors that, on the whole, storage did not improve the flavor of the

meat. Storage caused a gradual change of flavor to the extent that

the beef stored for the longer periods of time was designated as
" old," and was considered in some cases to be less appetizing than

the flavor of fresh meat. Similar changes were noted in the odor of

the freshly cut surfaces of the cold-storage meats.
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The quarter of beef that had been held in storage in the packing-

house cooler for a period of oi days possessed organoleptic properties

that were similar to the beef that had been stored in the bureau's

cold-storage room for approximately the same periods of time. The
growth of mold upon this quarter of beef was a surface condition,

and while it was indicative of conditions favorable to the rapid de-

velopment of bacteria and the consequent deterioration of the meat,

no such change had yet taken place.

Although in a few instances exposed portions of the stored quarters

of beef showed signs of deterioration, yet in all cases, as judged by
the organoleptic tests ordinarily applied, the edible portions of these

quarters would have been classed as wholesome. The authors ate

liberally of the test steak cut from each quarter of beef, both fresh

and stored, and in no case did they suffer any ill effects from so

doing. In this connection, however, it should be noted that the

authors were health}^ and well-nourished individuals.

CHEMICAL CHANGES IN THE BEEF.

Briefly summarized, the changes which took place in the chemical

composition of the beef during storage consisted of a transformation

of the more complex constituents of the meat into simpler compounds,

with the consequent accumulation of certain of the end products of

those changes. In general the extent of the changes increased with

the period of storage. The changes were very similar in nature to,

but less in extent than, those that took place in lean beef during

aseptic autolysis, as reported in a previous section of this paper.

Since the results of the bacteriological studies of the beef have

shown that there was no appreciable penetration of bacteria into the

meat during storage it may be concluded that the changes which

took place in the beef were due, in large part at least, to the action

of enzyms. Exception must be made to the kidney and external fatty

tissues, which Avere exposed to the action of bacteria.

The changes which took place in the individual constituents of the

meat during storage and the significance of those changes as affecting

the wholesomeness and nutritive value of the meat are discussed in

the following paragraphs.

Moviture^ fat-free basis.—Expecting in the case of the quarter of

beef stored for 14 days tlie moisture ccmtent of the meat decreased

during storage. In general the loss of moisture became greater as

the period of storage was lengthened, but the loss occurred less

rapidly in the meat stored in the packing-house cooler, with its high

humidity, than in the beef stored in the bureau's cold-storage room at

a lower humidity. These facts are in keeping with the ol)servations

made concerning the shrinkage in weight of the cold-storage beef.

Anh.—The slight irregular changes noted in this constituent are

without significance.
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Total nitrogen.—With the exception of the quarter of beef that had
been held in storage for 14 daj'^s, where there was an apparent increase

in the nitrogen content of the meat, each quarter of beef showed a

slight apparent decrease in nitrogen content during storage. The
increase in nitrogen in the one instance must be regarded as due to

some unknown analytical error ; but the fact that the nitrogen content

of all the other quarters of beef that had been stored for longer

periods of time decreased makes it appear that there was a slight

actual loss of nitrogen from the meat during storage. However, the

decreases were not distinct enough to make the results convincing.

Totobl soluble solids.—The changes that took place in this con-

stituent during the storage of the beef did not bear a direct relation

either to the length of the storage period or to the conditions of stor-

age. The quarters stored for 14, 28, and 63 days showed considerable

decreases in total soluble solids ; that stored for 42 days showed prac-

tically no change ; while those stored for 54, 74, and 177 days showed
'distinct increases. The (decreases in the amount of total soluble

solids that occurred during the storage periods are contrary to the

commonly accepted idea that there is necessarily an increase in this

constituent of meat during storage. It appears that there was first a

decrease in total soluble solids in the early part of the storage period,

and later an increase in this constituent as the storage period was

lengthened. The probable explanation of these peculiar changes will

be discussed in connection with total soluble nitrogen.

Ash of extract.—On account of an unavoidable analytical error en-

countered in the determination of this constituent, due to the neces-

sity of correcting for a relatively large quantity of sodium chlorid

in the presence of a small amount of ash, the data for this constituent

are not considered to have any special significance.

Organic extractives.—The changes in this constituent were of the

same general character as those which took place in the total solids.

Total soluble nitrogen.—The changes that took place in this con-

stituent did not proceed in regular order. Beef stored for 14, 28, and
€3 days showed slight decreases in total soluble nitrogen, while that

stored for 42, 64, 74, and 177 days exhibited slight to appreciable

gains in that constituent. On the whole the changes in total soluble

nitrogen during storage were not large.

The interpretation of these changes, however, is of considerable

significance. The probable explanation of the initial decrease in total

soluble nitrogen and of the subsequent increase in that constituent is,

in general, the same as that which has already been suggested to ac-

count for the similar changes observed in the autolysis experiment

reported in a previous part of this paper. That explanation need not

be repeated here.

The increases observed in the total soluble nitrogen content of meat

stored for longer periods must be regarded as being due, in large part
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at least, to enzym action. In the light of present information the

enzym protease may be considered as the active agent.

CoaguToMe nitrogen.—The changes that took place in this con-

stituent during storage consisted of fairly marked decreases, which

in general became larger as the storage period was lengthened. How-
ever, because of the irregular changes that took place in total soluble

nitrogen, which in turn affected the amounts of coagulable nitrogen

present in the meat at a given time, the full extent of the trans-

formation of coagulable nitrogen into noncoagulable forms is not

shown by the decreases in coagulable nitrogen, but is shown rather

by the increases in noncoagulable nitrogen.

Noncoagulable nitrogen.—This constituent increased continuously

throughout the cold-storage periods employed in these experiments.

The average increase in the noncoagulable nitrogen in the beef stored

for 14 days was 1.36 per cent, while the increase in the beef stored

for 177 daj's was 37.39 per cent of the noncoagulable nitrogen origi-

nally present. In large part at least, the changes of coagulable pro-

tein into noncoagulable forms may be regarded as being due to the

action of the enzym protease.

Proteose nitrogen.—While the relative increase in this constituent

during storage was large in each experiment, there was no direct

relation between tne length of the storage period and the increase in

proteose nitrogen. The average increase in this constituent during

14 days of storage amounted to 34.04 per cent and the increase during

54 days of storage amounted to 268.91 per cent of the amount initi-

ally present, while the increase observed in case of the quarter stored

for 177 days amounted to but 57.72 per cent of the proteose nitrogen

initially present. The proteoses are, of course, an intermediate

product in the autolysis of muscle proteins, and no marked accumu-

lation of this product during cold storage was to have been expected.

While in some cases the increases in the proteose content of the cold-

storage meat were relatively large, yet in no case did the proteose

nitrogen constitute any considerable proportion of the total nitrogen

of the meat, the maximum average percentage being 1.97 in the

case of carcass No. 6, which had been stored for a period of 54 days.

Amino nitrogen.—Without exception, each quarter of beef con-

tained more amino nitrogen at the end of its storage period than did

the corresponding fresh quarter, and likewise, without exception,

the longer a qiiai-ter was held in storage at a gi\'en temperature the

greater was the i-olativo increase in this constituent. In the quarter

that was stored in the packing-house cooler for 54 days, however, the

amino nitrogen did not increase by as gi'cat an amount as did that in

the (juartei" held in storage iti (he bui'cau's cold-stor'age I'oorn for 42

days. 1'his was j)rohai)ly due to the lower storage temperature in

Mie first instance.
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The conduct of this constituent in these experiments was entirely

in harmony with the fact that the amino nitrogen, for the most
part, represents the accumulation of amino acids, the end products

of the autolysis of muscle proteins, and that, within certain limits,

the extent of the autolysis increases as its duration and the tem-

perature at which it occurs are increased. Although the enzym
erepsin is probably most directly concerned in the splitting off of

amino acids, yet undoubtedly all classes of proteolytic enzyms pres-

ent in muscular tissue participate either directly or indirectly in

bringing about the increase in amino nitrogen, so that the increase in

this constitutent is theoretically the best index of the extent of

proteolysis in muscular tissue.

In each of the cold-stored quarters of beef the relative increase

in amino nitrogen was large, varying from an average of 16.57 to

103.22 per cent of the amount present in the fresh material. Like-

wise, the actual amounts present, though not really large, formed a

considerable proportion of the total nitrogen, varying from less than

3 per cent to more than 7 per cent of the total nitrogen, according

to the duration and temperature of storage. As the error involved

in the determination of these amounts of amino nitrogen in meats is

relatively small, the increase in this constituent undoubtedly affords

not only the best theoretical, but also the best practical, measure of

the extent of autolysis in cold-stored meats.

Am/moniacal nitrogen.—In general the behavior of ammoniacal

nitrogen in this series of experiments was much the same as that of

amino nitrogen, although the increases that occurred in ammoniacal

nitrogen did not correspond as closely to the time and temperature

of storage as did those in amino nitrogen, but involved an additional

factor. It may be recalled that in the autolysis experiment the for-

mation of ammoniacal nitrogen during the incubation of the beef

took place less rapidly as this product accumulated in the material,

even though the retarding agency, in all probability, was not the

ammonia itself. Similar relations are to be observed in some cases

in the cold-storage experiments.

The way in which ammoniacal nitrogen increases with the time of

storage when the temperature of storage remains constant may be

seen by comparing the results of Experiments Nos. 1 and 2 on the

one hand, and Experiments Nos. 3, 4, and 7 on the other hand. The

retarding effect of a lower temperature may be seen by comparing

the results of Experiment No. 6, with its 54:-day storage period, with

those obtained during shorter periods of storage at higher tempera-

tures. The slower rate of ammonia production that is observed when
the amount of preformed ammonia is relatively large, can be seen

by comparing the ammonia increases of Experiment No. 3 with those

of Experiment No. 2, and the increases in the loins of Experiments

Nos. 4 and 5.
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On account of the'many factors that seem to influence the forma-
tion of ammoniacal nitrogen and because of the small quantities of
ammoniacal nitrogen found in the beef, even after long periods of
storage, the changes in this constituent have not constituted a good
index of the extent of autolysis in the cold-stored beef ; nor can they
be regarded as being of any practical significance. The production
of ammonia is probably largely due to the combined action of several

proteolytic enzyms.
Acidity.—The beef stored for 14, 28, and 177 days showed slight

apparent decreases in acidity, while that stored for 42, 63, and 74
days exhibited from slight to appreciable gains in that constituent.

The presence of acid-forming enzyms in muscular tissue is well
known, and the increases that took place in the acidity of the meats
were undoubtedly due, in large part at least, to enzym action.

Total 'phosyhorus.—With the exception of the quarter of beef
stored for 14 days, each cold-stored quarter contained less total

phosphorus than the corresponding fresh quarter. This seeming
loss of phosiDhorus was accompanied in every case but one by a

corresponding loss in total nitrogen. Similar variations in total

phosphorus and total nitrogen were observed during the autolysis

experiment. Of themselves these data would go to show that phos-
phorus actually was lost from the meat during storage

;
yet, in view

of the improbability of such an occurrence and the smallness of the

apparent losses, the evidence would scarcely justify such a conclusion.

Insoluble ijhosyhorus was determined by difference, and what is

stated in the following paragraph applies inversely to this constituent.

Total soluble yhosyhorus.—The changes that occurred in total

soluble phosphorus during the cold storage of the beef were of a very
irregidar nature. The changes were sometimes large and sometimes
small, sometimes positive and sometimes negative, but in no case

did they seem to bear any relation to any known factor. Even in

Experiment No. 7, where the storage period was 177 days, two de-

creases and one increase in this constituent were observed. It can
only be inferred that the solubility of some portion of the organic

phosp]iorus was influenced by some obscure factor that was not prop-
erly controlled in these experiments, and which escaped detection in

the autolysis experiment in consequence of the extensive cleavage of

insoluble phosphorus. Obviously, therefore, in the present case no
particular significance can be attached to these irregular changes.

Holuble or(janic phosj)horus.—The changes that have occurred in

the soluble organic phosphorus of the beef during the storage periods

of these experiments appear to have been influenced not only by
the length of the storage period and by the temperature of storage,

but also by the relative amounts of preformed soluble organic and
inorganic phosphorus contained in the fresh material. In order that

those relations misy be studied, therefore, the experiments must be
class;ifi(!d, not only with reference to the time and the temperature
of storage, but also with n^gard to the initial distribution of soluble

organic and inorganic phos])horus. In reference to the latter fac-

tor, Experiments Nos. 2 and I sliould be f)la(ted in one gi-oup and the

other experiments in a second grouj), since the material used in ]*]x-

perimcnts Nos. 2 and 4 each fontained a gi-cater proportion of total

phosphorus in the soluble inorganic fonn and a smaller [)roportion
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in the soluble organic form than did the material used in any of the
other experiments.^

If each of these groups be considered separately, and Experiment
No. 6 be omitted from the second group because of its lower storage

temperature, it will be seen that, in general, the cleavage of soluble

organic phosphorus increases as the period of storage is lengthened.
If Experiment No. 6, with its 54-day storage period, is compared with
Experiment No. 3, with its 4:2-day storage period, it will be seen that
the cleavage seems to be retarded by a reduction of the storage tem-
perature. If Experiments Nos. 2 and 4 are compared with Experi-
ments Nos. 1, 3, 5, and 7 it will be seen that, proportionately to the
time of storage, the cleavage is less where the fresh material is com-
paratively rich in inorganic phosphorus and poor in soluble organic
phosphorus than where the reverse is the case. This latter observa-
tion is in harmony with the results obtained in the autolj'^sis experi-

ment, where it was found that the rate of cleavage of soluble organic
phosphorus grew less as the amount of soluble organic phosphorus
diminished, (In the discussion of this constituent and the fol-

lowing, the data referred to are those contained in the last table of
each experiment, and the changes referred to are those obtained by
subtracting the figures for the stored quarter from those for the fresh

quarter or vice versa. The reason for making the comparison in this

way has been previously indicated.)

Inorganic 'phosphorus.—The changes in inorganic phosphorus that
occurred during the storage of the beef appear to have been influ-

enced by the same factors that influenced the changes in soluble

organic phosphorus, viz, the length of the storage period, the temper-
ature of storage, and the distribution of organic and inorganic phos-
phorus in the fresh material. The factors that retarded the cleavage

of soluble organic phosphorus, of course, also retarded the formation
of inorganic phosphorus; and the factors that accelerated the one
accelerated the other. The principal difference between the changes
that occurred in soluble inorganic and in soluble organic phosphorus
is that the amount of the first increased, while that of the second
decreased. Likewise, the changes in soluble inorganic phosphorus
afford a somewhat better idea of the phosphorous cleavage that takes
place during cold storage than do the corresponding changes in

soluble organic phosphorus, since the inorganic phosphorus is an end
product and is not affected by the irregular changes in the solubility

of the organic phosphorous compounds.
It is not clear from these experiments whether the inorganic phos-

phorus that was formed during storage was derived from phos-
phatides, nucleoproteins, phosphocarnic acid, or other organic phos-
phorous compounds. Undoubtedly, however, it resulted chiefly

through enzymatic activity, although the particular enzyms that
were concerned in its production are not indicated with certainty.

Presumably, however, the phosphonucleases were less concerned
than were the phosphatases.

Refractive indices.—The fats from the beef stored for the shorter
periods showed practically no changes in their refractive indices,

while the fats from the beef which had been stored for 74 and 177
days showed appreciable decreases in those values that are to be

^ Experiment No. 7 in reality forms a third group, less than midway between the other
two. This distinction, however, has not been made in order to avoid complicatiBg the
subsequent discussion.
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explained by the comparatively large increases in the amount- of free

fatty acids present in those samples.

Free fatty acids.—There was a marked and continuous increase in

the free fatty acid content of the external and kidney fats during
the course of the storage experiments and a eorresponding deteriora-

tion in the quality of those fats. The average actual increase in the
acidity of the two fats ranged from 0.46 per cent in the case of the

beef stored 14 days to 9.76 per cent in the case of that stored 177 days.

The changes in the acidity of the intermuscular fat were compara-
tively small, varying from an increase of 0.17 per cent in the case of

the beef stored for 14 days to an increase of 1.42 per cent in the

case of that stored for 74 days. The reason for the slight increase in

the acidity of the intermuscular fat as compared with the large

increases in the acidity of the kidney and external fats is clearly ap-

parent. The intermuscular fat was protected from bacteriological

invasion by its covering of muscular and external fatty tissues, while
the kidney and external fats were exposed to the invasion of molds
and bacteria. The changes that took place in the intermuscular fat

were due, in very large part at least, to the action of the enzym
lipase, while the changes that took place in the kidney and external

fats were due principally to bacterial action.

EFFECTS OF COLD STORAGE UPON THE NUTRITIVE VALUE OF
THE BEEF.

Several factors must be taken into consideration in order properly
to interpret the results of these experiments in terms of their effect

upon the nutritive value of the meat. The more important factors

are as follows: (1) Changes in the moisture content of the meat;

(2) changes in the proportions of nonedible and edible meat in the
quarters of beef; (3) changes in the composition of the meat.
The analytical data obtained in these experiments show that, with

the exception of the quarter of beef that had been stored for 14 days,
each of the quarters lost moisture during storage, and that in general
the decrease in the moisture content of the meat was greater the
longer the storage period. This loss of moisture is in effect a process
of concentration, causing an actual increase in the amount of food
constituents present in a given weight of stored meat, as compared
with that present in a like weight of fresh meat. Thus, by referring
to Tables 19, 26, 33, 40, 47, and 54 it may be noted that the average
percentages of total nitrogen, fat, and ash increased during the
storage period of each experiment, and that in general the increase

was greater the longer the period of storage. These data show the
composition of the lean moat and are a fair indication of the extent
to which the nutritive value per given weight of meat was increased
through loss of moisture.
The increase in nutritive value, however, is only apparent, not

real ; for while the loss of moisture effects an increase in the nutritive

value of the meat per unit weight, it also diminishes the weight of
the carcass; so that at best the carcass contains no more nutritive

material after storage than before. Indeed, the available food ma-
t^'rial in the carcass (ends to become h-ss; for, in conscrjiionce of the
drying out and rh^tcrioration in quality of the ex|)os('(] muscular and
fatty tissues, there is greater wastage in the preparation of the retail
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cuts from cold-stored meats than, from fresh meats ; and the wastage
becomes greater as the storage period is lengthened, other conditions

being the same.
The third factor to be considered is the effect of the clianges in the

nature of the constituents of the meat upon the nutritive value of
the product. These changes have to do only with the edible portions
of the beef.

The changes in the nitrogenous constituents of the meat Tiave been
in the nature of a process of autodigestion, the more complex nitrog-

enous compounds having been broken down into simpler compounds.
These changes are represented in Tables 12 to 60, inclusive, chiefly

by decreases in coagulable nitrogen and by increases in amino nitro-

gen. In general the extent of these changes has been greater the
longer the period of storage. Table 60 shows that in the fresh quarter
of beef from 2.47 to 2.53 per cent of the total nitrogen was present as

amino nitrogen, while the corresponding quarter after having been
stored for 177 days contained from 6.46 to 7.36 per cent of its total

nitrogen in that form, the increases having amounted to 3.99 and 4.83

per cent, respectively.

In the light of our present knowledge concerning the functions of
amino acids in human nutrition, it seems improbable that the changes
that have taken place in the nitrogenous constituents of the meat,
even after very long periods of storage, have been such as to affect

appreciably the nutritive value of the product.
The changes that have taken place in the other constituents of the

cold-storage beef have consisted principally in the breaking down
of soluble organic phosphorous compounds with a corresponding
formation of inorganic phosphates. Thus, the fresh quarter of car-

cass No. 7 contained from 22.19 to 26.78 per cent of its total phos-
phorus in the form of soluble organic phosphorus, while- the quarter
stored for 177 days contained but from 3.77 to 6.67 per cent of its

total phosphorus in that form. It is, therefore, apparent that a very
marked change has taken place in the nature of the phosphorous
compounds.
The question as to the relative nutritive value of organic and inor-

ganic phosphorous compounds is one concerning which there is con-

siderable difference of opinion among those who have investigated

the subject. While it has been determined that, under certain condi-

tions, inorganic phosphates can be made to supply the phosphorus
requirement of the body, yet it has by no means been established that
phosphorus in inorganic combination has a nutritive value equal to

that of the organic forms of phosphorus. In the light of our incom-
plete knowledge concerning the relative nutritive values of organic
and inorganic forms of phosphorus, no positive conclusion can be
drawn regarding the effects of the changes in the nature of the
phosphorous compounds upon the nutritive value of the meat.
On the whole it would appear that the chemical changes that

occurred during the storage of beef in these experiments did not
nppreciably affect the nutritive value of the meat when the period
of storage was limited to that customarily employed in commercial
practice. Indeed, even when the period of storage was greatly pro-
longed, evidence is lacking to show that the nutritive value of the
meat was diminished. Yet, in view of the more extensive chemical
changes that took place during the longer periods of storage and
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on account of the deficiency of our knowledge regarding the nutri-

tive vahies of the various cleavage products, it is by no means impos-
sible that the nutritive value of beef may be decreased by unduly
long periods of storage.

FACTORS AFFECTING THE TIME THAT FRESH BEEF CAN BE
STORED AT TEMPERATURES ABOVE FREEZING.

One of the objects in conducting the series of experiments reported
in this paper was to determine the length of time that fresh beef
could be held in cold storage at temperatures above freezing and re-

main in wholesome condition. The results of these experiments and
of observations upon the commercial handling of fresh beef in cold

storage have shown that the possible length of the storage period is

aiiected by a number of factors. On account of the importance that
has been attached to the time element in the cold storage of fresh

beef, and in the storage of other fresh meats as well, it has seemed
desirable to present a brief discussion of this phase of the subject.

The principal factors which affect the length of time that fresh

beef can be held in cold, storage at temperatures above freezing are

as follows: (1) The character of the beef; (2) the temperature of
storage; (3) the humidity of the cold-storage room.

Character of heef.—The condition of beef, as regards its degree of
fatness or finish, is an important factor in determining the length of
time that the beef will keep in cold storage. Thin, soft carcasses of

old cows or grass-fed cattle are apt to undergo comparatively rapid
deterioration in cold storage. The large exposed surface of musculaj*
tissue and the soft character of the meat offer favorable conditions

for the development of molds and bacteria. It is generally recog-

nized l)y packing-house men that beef of this character must be
handled with dispatch. On the other hand, highly finished carcasses

from prime, grain-fed cattle will keep in cold storage for a much
longer time. The flesh of such carcasses, which is firm in character,

is usually covered in large part with a surface deposit of fatty tissue,

which becomes firm on cooling and through loss of moisture, and thus
aids in protecting the muscular tissue against bacterial invasion.

Temperature of storage.—In commercial practice chilled beef is

ordinarily held in cold storage at a temperature between 34° and
30'^ F., altljough occasionally temperatures as low as 30° F. or as

high as 40° F. may be employed. A temperature of 40° F. is regarded
as about the upper limit of safety in the handling of fresh beef in

cold storage, while it will freeze at a temperature slightly under
31° F. Other conditions being the same it is clearly apparent that

chilled beef will keep longest at 31° F.

Iluraidity of eold-atorage rooms.—The importance of dry coolers

for the proper handling of chilled beef is genei-ally recognized. A.s

a rule, however, no special means are used to regulate the humidity
of beef or other fresh-m<;at coolers, the desired condition usually be-

ing obtained by the proper construction and management of the
cooler.s. Various factors nuiy a fleet the humidity of coolers, but they
will not be discussed.

There seems to be pnictically no information available regarding
the humidity of packing-house cooh'rs in this counti-y. In order to

sefure accurate information on this subject, humidity readings were

r^',n/i;^ r_i;ull. 4.",:j—17 7
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taken in 14 beef coolers in 6 modern meat-packing establishments.
The results of these observations are presented in Table 61

:

Table 61.

—

Humidity of beef coolers in six meat-packing establishments.

Cooler
No.

System of refrigeration.

i

Condition of cooler.
Per

cent hu-
midity.

Remarks.

1 Sheet brine Good 87

95
92
95

100

92
93

92
93

93

93

93
92
95

Half filled with beef killed 3
days previously.

Half filled with chilled beef.
Do

2 do
3 Sheet brine do
4 do do Cooler for ripening cuts of

meats for hotels, etc. Filled
with cuts of beef, many of
v\hich showed growths of
molds.

Filled vdth dulled beef5 ... .do Air filled with water va-
pors coming from adjoin-
ing cooler being filled

with warm beef.
Good6 do Half filled with chilled beef

7

8

Direct expansion of am-
monia in overhead bun-
ker.

do

Fair. Walls and ceiling
damp.

Fair

Filled with chilled beef.

Do
9 Closed brine coils Fair. Some condensation

of moisture on ceiling.

Fair

One-third filled with chilled

10 do
beef.

11 Brine spray Fair. Walls and ceiling
damp.

Good

ton, veal, and "edible offal."
One-third filled with chilled

12 do
beef.

Filled with chilled beef
13 ..do do. Nearly filled vnth chilled beef.
14 Closed brine coil do.

1 Overhead bunkers were used in each cooler.

The data presented in Table 61 show that for the most part the

humidity of the beef coolers ranged from 92 to 95 per cent of satu-

ration. Data showing the humidity of fore coolers filled with warm
beef are not presented, since observations that have been made in

such coolers have shown the air to be saturated with water vapors.

The effects of hmnidity upon the length of time that fresh beef can
be held in cold storage are shown very clearly by the results of the

cold-storage experiments carried on in the bureau's cold-storage

room as compared with the one conducted in the packing-house
cooler. The character of the beef was practically the same in the two
cases, and the temperature of the pacldng-house cooler was slightly

lower than that of the bureau's cold-storage room. The chief vari-

able factor was humidity. The humidity of the bureau's cooler

ranged from 70 to 85 per cent of saturation; that of the packing-
house cooler from 92 to 95 per cent. The much higher humidity of
the packing-house cooler was undoubtedly the reason why it was
impossible to hold beef in storage in that cooler for longer than 55
days, whereas beef was held in the bureau's cold-storage room, hav-
ing a slightl^^ higher temperature but a much lower humidity, for

as long as 177 days.
These observations emphasize the importance of humidity as a

factor affecting the length of time that fresh beef can be held in cold
storage.

In addition to the three important factors which have been dis-

cussed as affecting the storage period of fresh beef, various other
factors may under certain conditions exert their influence.

Summari/.—In light of the various factors that affect the length
of time that fresh beef can be held safely in cold storage at tempera-
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tures above freezing, it is clearly impracticable to attempt to insure
the wholesomeness of the product merely by limiting the duration of
storage. The wholesomeness of cold-stored beef must be judged by
other considerations besides the length of time that the product has
been held in cold storage.

GENERAL SUMMARY.

The chemical changes that took place in the muscular tissue of
beef held in cold storage at temperatures above freezing for periods
ranging from 14 to 177 days consisted chiefly in increases in acidity

;

in proteose, noncoagiilable, amino, and ammoniacal nitrogen ; and in
soluble inorganic phosphorus ; while decreases occurred in coagulable
nitrogen and in soluble organic phosphorus. On the whole these
changes were of a progressive nature. The chemical changes that
took place in the fatty tissues of the beef consisted chiefly in marked
increases in the acidity of the kidney and external fats.

On the whole the chemical changes that took place in the muscular
tissue of the beef during storage were similar in nature to but less

in extent than those that were caused by enzymatic action when lean

beef was autolyzed under aseptic conditions for periods ranging
from 7 to 100 days.

The chemical changes that took place in the muscular tissue of the
beef during storage were without appreciable effect either upon the
nutritive value or the wholesomeness of the edible portions of the

product ; but the changes that took place in the kidney fat and exter-

nal fatty tissue after the longer periods of storage rendered them
unsuitable for human consumption.
The bacteria and molds which grew on the surface of the cold-

stored meats did not penetrate the muscular tissue to any great

depth. The increased tenderness noticed in the cold-stored meats
could not be attributed to bacterial action ; and no noticeable change
in the histological structure of the muscle fibers was noticed after

11 weeks of storage.

The chemical changes which took place in the muscular tissues of

the beef during storage may be regarded as largely due to enzym
action.

The principal effect of slorage upon the organoleptic properties

of the beef was a marked increase in tenderness of the meat. This
change did not appear to progress appreciably after the beef had
been held in storage for from two to four weeks. While the flavor

also changed, individuals would probably not agree as to whether
the change was in the nature of an improvement or a deterioration.

Beef was lu'ld in cold storage at temperatures above freezing in

an experimental cooler for as long as 177 days, whereas it was pos-

sible to hold beef in storage in a cooler in a modern packing house
for ordy 55 days. The sliortcr stoi-age period in the second instance

was due to the much liiglier humidity of the packing-house cooler as

compared with the experimental cooler.

The length of time that fresh beef can be held in cold storage at

temperatures above freezing and remain in wholesome condition is

dependent iipcm a niimV)er of factors, among which tlu^ temperature
and humidity of the storage room and tiie character of the beef are
of the most importance.
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INTRODUCTION.

The scoring and judging of the dairy cow is rapidly becoming
popular as a practicum in the teaching of agriculture in secondary

schools. The work has done much to arouse interest in animal hus-

bandry and dairying. A need has been felt for specific directions as

an aid toward making this work more practical, and it is the aim of

this bulletin to help fill this want.

CLASSROOM DISCUSSION.

Use of illustrative material.—When conditions approach the ideal

the greater part of stock judging is learned with the animals to be
judged present (fig. 1). As a matter of convenience preliminary

]e.s.sons are usually given in the classroom. The teacher should bear

in mind, however, that the student learns largely through what he
sees, and should make use of an abundnnce of illustrative materiivl.

Before proceeding with a study of the dairy type the student should

learn the names of the parts of a cow. It is not safe to assume that

the high-sfhool student knows all the terms used in judging. A
diagram siirji ns given in figure 2 is useful in sliowing the ideal dairy

type as well as in giving the names of parts. This outline may be

mnde into a chart or copied upon the blackboard. If drawn upon
the board the names of the jiarts may b<i erased and the students

> rrppnrod tindor tho dIrccHon of C. 11. Lnn<«, Chinf RpecIallHt in Agricultural Education.
NoTK.—This hiillctin 1h Intended for the uwe of teachers of Hecondiiiy UKriculture.

50802"—JJull. 4:i4—1« 1
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Fig. 2.—Outline of dairy cow with parts named : 1, poll ; 2, forehead ; 3, bridge of nose ;

4, cheek ; 5, jaw ; 6, neck ; 7, crest of neck ; 8, throat ; 9, dewlap ; 10, brisket ; 11,

withers ; 12, shoulder ; 13, point of shoulder ; 14, elbow ; 15, arm or forearm ; 16, knee :

17, shank; 18, ankle; 19, hoof; 20, fetlock ; 21, crop; 22, chine—back; 23, loin;

24, flank ; 25, milk well ; 26, mammary vein or milk vein ; 27, navel ; 28, udder

;

29, teats; 30, hook, or hook bone, hips; 31, pelvic arch; 32, pin bone, or rump bone;
33, thigh ; 34, stifle ; 35, hock ; 36, switch or brush of tail ; 37, escutcheon.
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asked to fill them in. While discussing the dairy type it is well to

have illustrations of good dairy cows constantly before the students.

The teacher should make use of good pictures of prize winners as

they appear in live-stock journals. If files of these papers are not

kept, the good illustrations should be clipped and mounted upon cards

for classroom use. A projection lantern with an opaque attachment

will be found valuable in this work.^

TTiG typical dairy cow.—In order to judge the dairy cow intelli-

gently the student should understand that the modern dairy animal

is very highly organized, virtually a living machine, the chief func-

FiG. 3.—An unprofitable dairy cow.

tion of which is to make a valuable human food out of grains and
coarse fodders. Originally cows gave only milk enough to support

their calves until they were able to eat sufficient other food for self-

.support; Init man, tlirough selective breeding, with care and good
feeding, has developed animals which yield a large surplus of milk.

All so-called dairy cows do not yield a profitable surplus. As the

expense of maintenance is large and variation in milk production is

great, many cows are being k('i)t whicli do not give milk enough to

pay for their keep. Oru; of the most iiiij)ortant ])hases of dairy

management is the elimination of unpi-ofitablo animals (fig. 3). It

* I-an»f>rn h1I<1ph IlluHtrntlni; typoH and brcr-dH of cattio, inpludlnj,' tin- illiiHtnitlonH of
thiH bulletin, may hi- oblulncd from llic Ofllw of AKrlcultunil IiisIiikI inn of tli(! SlaieM
U<rlutlonH Hcrvln-. CtiurtH and HtcnrllH for uhc on liIackbonniM imjiv he tij:id<' by tracing
I III! outliuf; of a diagram llirown on paper or cloth by a lauturn.
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is also important to know which of those yielding a profit are the

best, that their offspring may be used in improving the herd. Les-

sons in judging are an important part of school work in dairying,

as they aid the student in learning the desirable points of dairy

animals.

How dairy coios are judged.—The teacher should bear in mind
that the aim of the lesson is tO' give the student such knowledge

concerning the dairy coav, and to develop his judgment to the extent,

that he will get full value in buying or selling cows. If a practical

dairyman of good judgment is buying a cow he wants to know the

amount of feed she consumes, how much milk she is giving, the'

percentage of butter fat, and her record for maintaining the milk

flow. An accurate milk record will mean much in indicating her

value. He will w^ant to milk the cow himself, to watch her eat and

drink, and to be assured that she is in good health. If he is going

to use her for breeding purposes, he will desire to learn what he

can of her breeding and of her ability to transmit her qualities to'

her offspring. If she is a registered animal, he may learn a good

deal from her pedigree. The importance of these points may be

impressed by having students weigh and test the milk of cows in

the district, keep records of the milk and fat produced, and study

the records of production of ancestors in their pedigrees.

If the keeping of herd records is made one of the home projects

of the students, it w^ill be well for them to learn the methods used

in testing cows in cow-testing associations and for advanced registry.

Information may be obtained from the United States Department

of Agriculture and from the breed associations.

Eecords of production are not always kept, and frequently it is

desirable to know the value of cows not giving milk. Fortunately,

there is a marked correlation between the form or type of dairy

cows and their power to produce. It is very important that the

dairyman know what constitutes true dairy conformation in milch

cows, so school work in judging becomes largely a study of dairy

types.

The dairy type.—If beef animals have been studied prior to taking

up the work with dairy breeds, from the beginning there will be a

natural comparison of the beef type with the dairy type (fig. 4). If

an outline of a beef animal has been on the blackboard it will be

helpful to transform it to represent a dairy cow before the students.

Charts and pictures will be helpful in bringing out the contrast

between the two types (fig. 5).

The functions of production and reproduction in dairy cows are

so closely related that the form which indicates heavy production

will usually denote a good breeder. When viewed from the side,
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one great difference in conformation becomes at once apparent,

^yiiile the beef cow has a short, square, and blocky appearance,

with short, thick neck, straight back, deep body, and short legs, the

dairy cow shows an angular, wedge-shaped body with slender neck,

incurving thighs, and large udder development.

It should be borne in mind that the transformation of feed into

milk is an intricate process which goes on within the animal and

that the various points of conformation particularly noted in the

dairy type are but indications that this process will be carried on

efficiently. As an aid to students in examining an animal in a sys-

tematic manner and in order that no details may be overlooked by

Fig. 5.—Outlines showing comparison of (upper) dairy and (lower) beef type from
(a) front, (li) rear, and (c) side views.

beginners, score cards are used in stock judging. The score card is

a classification of the points of the animal, giving to each a weight

or percentage intended to indicate its relative importance to the

whole. These points relate, of course, to the external form of cer-

tain portions of the animaFs body and so far as is possible have a

direct relation to the function of that organ or part. As is true

with all classifications, there should be as little overlapping as pos-

sible in the divisions. The following-described cards for dairy

animals are offered as embodying many of the best features of such

score cards in use in the agricultural colleges. It must be understood

that these are general score cards for dairy types.
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General score card for the dairy coic.

Perfect

1. General form
Wedge shaped, when viewed from side, top,
and front 6

Size for the breed—Jersey, 800 pounds; Guern-
sey, 1,050 pounds; AjTshire, 1,000 pounds;
Holstein, 1,200 pounds 3

2. Quality
Hide—thin, mellow, pliable, and loose 2
Hair—fine, soft 1

Secretions—abundant, yellowish 1

Flesh—muscular, free from bunchiness 1

Veins—large and prominent 1

Bone—fine and clean 1

3. Head
Forehead—broad between the eyes and dished
according to breed 1.0

Face—medium in length, clean cut in outUne,
dished below eyes 5

Nostrils—large. .

."

1.

Muzzle—broad, but not coarse 1.

Jaws—wide at base, strong 5
Ears—medium sized, thin, hair fine, blood

vessels showing, secretion abundant .i

Eyes—full, prominent, clear, and bright 1.

Horns—small at base, incurving, attached
close together at poll 5

4

.

Neck
Moderately thin, of good length, nearly free

from loose skin, neatly joined, throat clean.
5. Forequarters

Shoulders—withers sharp; shoulder blades
lean 2

Chest—broad and deep, well sprung foreribs;
large heart girth; moderately full crops;
brisket light 8

Forelegs—straight, fine bone, strong 1

6. Body—capacity
Back—straight, strong, vertebrae prominent. 5
Ribs—long, flat, well sprung, wide apart 3
Abdomen (barrel)—long, deep, broad, well
held up; loin broad, strong and level; flanks
low 10

. Hindquarters
H ips—wide apart^ prominent 3
itump—long, wide, level 3
f^in bones—widely spaced, on level with liips. 3
Thighs—incurving; escutcheon broad, ex-
tending well up on pin bones 1

Tail—tapering, fine boned, long aJid neatly
set on; switch , long 1

Hind leers—squarely placed not sickle hocked,
bone fine ; 1

8. Mammary svstem
ITdder—large; quarters even and not cut up
between; extending well iip behind and
well forward in front; not fleshy; soft and
pliable 20

Teats—squarely placed; even in size; of con-
venient size for milking; free from lumps,
not leaky or hard to milk 8

Mammary veins and wells—veins long,
branching, tortnons, entering body well
forward ; welLs large

'.

7

Total

Percentage
value.

Student's
score.

Instructor's
score.



BULLETIN 434, U. S. DEPARTMENT OF AGEICTJLTURE.

General score card for the dairy hull.

roints. Perfect
score.

Percentage
value.

Student's
score.

Instructor's
score.

16

10

10

5

16

19

16

6

2

Masculinity
Size for the breed^Jersey, 1,200 pounds; Guern-
sey and Ayrshire, 1,500 pounds; Holstein,
1,600 pounds

11

5
2 Quality

Hide—thin, mellow, pliable, loose
Hair--flne, soft

Secretions—abundant, yellowish
Flesh—well muscled, free from bunchiness
Veins—large, prominent
Bone—strong and clean

3

2
1

1

1

2
3. Head

Forehead—very broad betweenthe eyes, slightly

Face—medium in length
Nostrils—large
Muzzle—broad
Eyes—prominent, large, clear, bright
Horns—well proportioned

2
1

1

2

3

1

4. Neck
Medium in length, very large prominent crest;

neatly joined; throat free from loose skin.
.5 Forequarters

Shoulders—withers moderately sharp; well
muscled

Chest—broad, deep, large heart girth, crops full,

brisket moderate in size

Fore legs—straight, squarely placed, wide apart.

5

10

1

6. Body—capacity
Back—straight, strong, vertebrae prominent . .

.

Ribs—flat, well sprung, wide apart
Abdomen (barrel)—long, deep, broad, well held
up; loin broad, strong, level; flanks low

7. Hindquarters

2

10

3
6Rump—long, wide, level

Pin bones—widely spaced, on level with hips..
Thighs—incurving
Tail—tapering; fine bone; neatly set on; long,

fine switch
Hind legs—squarely placed, not sickle hocked.

8. Rudimentaries . .

Teats—squarely and evenly placed; large

Milk wells large
9. Scrotum

Well developed—strongh; held up.

Total 100
1

1

CLASSIFICATION OF POINTS IN REFERENCE TO UTILITY.

Having a thorough knowledge of the names and locations of the

parts of the cow, the next problem is their classification from a func-

tional point of view. There are certain fundamental points covering

the animal as a whole or a combination of a number of organs w^hich

will be first considered.

General form.—The general impression as to form which the judge

receives w-hen an animal is brought before him is an important con-

sideration. This varies greatly betw^een beef and dairy animals and

is often termed " dairy type " or, in referring to animals of an indi-

vidual breed, " breed type." " Wedge shaped " defines this general

form. There are three distinct wedges to a typical dairy cow

—

namely, side, top, and front.
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Side wedge : The side wedge is best observed by standing 30 feet

or more from the cow and to her side. The lines of this wedge are

the top and bottom lines of the cow. The point of the wedge is at

the nose and the wide part at the flank. This wedge is most com-
monly defective on account of the top line not being straight. This

may be caused by a sway back, a drooping rump, or a neck which is

set at an angle to the back. A sway back or a sloping rump is much
more serious than a neck which forms an angle with the backbone.

Lack of depth in the flank is a serious defect in the side wedge
of a dairy cow and is usualh^^ accompanied with lack of capacity in

the barrel and faultj^ mammary development. The angle of all

wedges should be as wide as possible. The bottom line of the cow,

forming one side of this wedge, can not be expected to be straight in

the same sense that the top line is straight. There will be depressions

and irregularities, but the general outline of the wedge should be

present. The lower line will begin at the nose, touch at the brisket,

follow the lower line of the stomach, and touch the lowest point in

the udder.

Top wedge : The point of the top wedge is at the withers, with the

lines drawn on either side between the point of the withers and the

hip bones. The plane of the wedge is horizontal, while those of the

side and front wedges are perpendicular. This wedge is defective

when the withers are not sharp, the lines not straight, or the hip

bones not wide enough apart. The lines are not straight when the

ribs are not well sprung or when the loins are weak.

Front wedge : The point of the front wedge is at the withers. The
lines follow the shoulder blades, the wide part being at the junction

of the shoulder blades and the forelegs. The wedge shape seems

to have a direct relation to dairy production in the dairy cow, but

inasmuch as this relation in most cases is in connection with indi-

vidual organs it will come up under a detailed discussion of the parts.

Size: Other things being equal, the larger an animal, the better.

Generally size and quality are not closely correlated and the dairy-

man is led to choose a happy medium. It is true, however, that an

undersized animal is undesirable even though it possesses extreme

quality. The aim should be to obtain all the size possible with good

(juality.

Quality.—Quality is indicated by a thin, loose, pliable skin;

medium-sized, clean, closely knit bones, and firm, clean, muscular

tissue (fig. 6). The mucous membranes are the extension of the

external skin; coarseness in the hide indicates the same condition

in the mucous membrane. The niembriines of the stomach and

intestines are active agents in th(^ digestion and assimilation of the

feed. Experience and observation show that coarseness or stiffness

in the skin is likely to be as.sociatc(l with f)Oor digestive and assimi-

•WSGli''—I5U1I. 4.34—16- 2
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lative powers. A spongy, coarse bone is objectionable because it is

not strong, and is likely to be associated with low vitality and
general inefficiency. Excessive flesh, on a dairy cow while in milk
indicates that there is not the desired specialization of milking

function, but rather that the feed is used to produce flesh. The
flesh should be muscular and free from fat.

Beginning at the head, the individual parts of the cow will now
be taken up and an attempt made to describe the desirable form
which indicates production.

Fig. 6.—The nature and condition of the digestive organs is revealed in the skin and
its covering of hair.

Head.—The heads of the male and female are much the same ex-

cept that more size and heaviness are expected in that of the former.

As a whole, the head should have a clean cut outline and be free

from any coarseness of bone, flesh, or skin. In the bull score card

more weight is given this part than in the cow score card. This

is owing to the fact that the general character of the bull and his

masculinity are evidenced in his head (fig. 7). The main function

performed by the head is the taking in and mastication of feed. A
strong, muscular muzzle and jaws indicate ability to handle large

quantities of feed. The form and quality of face, forehead, eye, and

horn indicate the nervous energy and refinement essential to pro-

ductive abilit3^
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Neck.—The necks of the cow and the bull are radically different.

That of the cow should be of medium length, slender, free from flesii

and loose skin; it should be small at the junction with the head and

should join the shoulders smoothly. The neck of the bull should be

of medium length, small at the head and swelling into a prominent

crest. The crest in the bull indicates masculinity and should be both

high and broad.

Forequarters.—Withers: The withers should be sharp, the ends of

the shoulder blades fitting close to the spinal processes and ending

some distance below the top of them. This junction should be so

Flu. 7.—A good type of dairy bull.

smooth as to form a straight line fiom the top of the spinal processes

down the shouhler blade to its junction with the foreleg.

Body—Capacity.—Back : It is very important that there be great

strength in this region, as the back supports tlie weight of the

abdom(;n or barrel.

Ribs: PMat ribs are found to be associated with the wedge-shaped,

l(?an appearance of the dairy aniiniil as compared witli tlie round ribs

of the beef animal.

Barrel: The bai'rel, in both the male and the female, should be

broad, deep, and full and well held iif) witii well-sprung I'ibs. The
barrel contains the stomach, liver-, and intestines, the chief organs

of digestion. A good-si/cd baiicl indicates large capacity for digest-
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ing feed (fig. 8), one of the essential functions of the dairy cow.

Although the barrel should be large, it should not sag away from
the backbone into what is popularly called a " pot belly," leaving

loose skin in the flank, nor swing when the animal walks. This

indicates an objectionable weakness in the muscles of the abdomen,
as these muscles should hold the barrel close up to the backbone.

Loins : The loins are that portion of the backbone just in front of

a line drawn between the hip bones and extending forward to the

beginning of the short ribs. The loins should be broad and strong.

A sag or drop in this section of the back indicates weakness. A lack

A large barrel indicates capacity for feed.

of Avidth in this i-egion is caused by short processes on each side of

the backbone.

Hindquarters.—Hip bones: The hip bones should be wide apart

and prominent.

Eump : The rump should be long, wide, and level. The length is

measured from the hips to the pin bones. The rump is level when a

plane passed through the top of the hip and pin bones is horizontal.

A high pelvic arch is not desirable. The pelvic arch is inclosed by
the spinal column and the pelvic bones. The joints of this arch con-

stitute the hip and pin bones and this region contains the greater

part of the reproductive organs in which the calf develops. It is

asserted by some breeders that a short rump is associated with a

short udder and a sloping rump with a sloping udder.
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Pin bones: These bones are the parts of the pelvis which are

located on each side of the tail. They should be prominent, widely

spaced, and on a level with the hips. Low-placed pin bones are the

cause of a sloping rump.

Thighs : The inner surface of the thighs should be thin and curved

out so as to give ample room for the udder. Beefy, thick thighs are

an objection, as they do not indicate specialization in the milk-

producing function and do not give room for a broad udder.

Tail: The tail should be level in its attachment to the spinal

column, small at this junction, and the bone should extend to the

hocks ; it should be thin throughout, and the switch long and fine.

1I M^. '
':: '.^ ' AJ^^Hl

Kims^sssa^m^^eams^mmsiissNi^iiis^g^mi

Fig. 0.—A well-developed udder.

Escutcheon : The escutcheon or " milk mirror " is the region above

the udder between the thighs where the hair grows in a different di-

rection.

Hind legs: The legs should be evenly and s(iiuuely placed on the

body. The bones of the legs should be clean and close in texture. The
joints shoidd be ample in size to form leverages for the actions of

the mu.scles, bnt tlicy should be fiT(; fi-oni growths of any nature,

either fleshy or cartilaginou.s. AViicn llic hocks are set farther back

than the rear of the body they arc described as sickle hocks.

7'he m/ini/rnf/ri/ KiiHtcrri.—Tlu^ iiiainmary system is (composed of the

udder, teats, mammary oi- milk scin.s, ;iiid wells.

The udder: The ud(l(M- slioiiNI he hirgc, wide, and haxc a long at-

tachment to the hfnly of the cow (lig. D). In sha|)e it should be
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somewhat rounding, with the lower part, floor, or sole of the udder

as level as possible. The development should be symmetrical, so that

the quarters are even in size. The more common defects in the udder

are short attachment in front and low attachment behind; lack of

width; sagging or pendu-

lousness ; a lack of uniform

development, and fleshiness

(fig. 10).

Probably poor fore ud-

ders are as common as any
other defect. Lack of de-

velopment in this region

causes a short udder attach-

ment to the cow's body

and very frequently accom-

panies a pendulent udder.

Pendulent udders- indi-

cate a short body attach-

ment and a weakness of the

muscular tissue which holds

the udder to the body.

Such udders are liable to

bruise by swinging when
the animal walks or rans,

and also are in danger of

being stepped on by the cow

when she rises.

Three kinds of tissue go

to make a cow^s udder,

namely, glandular, muscu-

lar, and fleshy. The first

kind is the secreting tissue

that produces the milk, and

the more there is of it the

better.

The function of muscu-

lar tissue is to support the udder and insure its firm attachment to

the body. (Fig. 11.)

Fleshy tissue is undesirable in the udder and its presence indicates

lack of quality and producing ability. Glandular tissue has a

spring}^, elastic feeling and an udder in which this predominates

collapses to a great extent when empty. On the other hand, when

fleshy tissue composes a large portion of the udder, this latter is

firm and does not collapse when empty. Considerable skill is neces-

sary to determine the kind of tissue in the udder by the feeling;

Fig. 10.— (a) Good type of udder; (c), (rf), (c), (f),

ig), and (h) , poor types of udders.
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the safer way is to have the cow milked d)\v and thus judge the char-

acter of the udder.

Teats: The teats should be of convenient size for milking, and

should be evenly and squarely placed at the center of each quarter, so

that the bottom will be in a horizontal plane and the distance equal

between teats. They should be free from bunches either internal

or external, and the sphincter muscles at the bottom of the teats

should be rigid enough to prevent the leaking of milk but not stiff

enough to cause difficult milking.

Mammary or milk veins and wells: The mammary veins are lo-

cated on each side of the belly, extending from the udder forward

I'lfj. 11.—Udder attached well forward and well up behind and free from fleshiness.

toward tlie shoulders. They should Ijc large, long, branching, and
tortuous and should enter the abdomen well toward the shoulders.

After that portion of the blood i-equired for milk production is

taken away the remaining ))ortion returns to the heart thi-ough these

veins. A large vein indicates that a great amount of blood is being

returned to the hcait and (hat consequently a hii'ge quantity oP blood

passed into the udder ;ind wiis i'.viiihdilc for piodiicing milk. In

the heaviest milkers these veins me nciv ciookcd mid often bi'anch-

ing. In some cases they enter (he abdouieu (lir()U<rli sex'cral openings

on each side. The niilU well, or (he opening through which the vein

entei's th(; abdomen, shoulil he l;irge;ind well foiwiird. ( I^'ig. I'i.)
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PRACTICE JUDGING.

Preparing for a judging trip.—Exercises in stock judging, like

other field trips, are often failures because proper preparation is not
made for them. The teacher should know beforehand just where he
is g'oing and what he is going to do. The majority of secondary
schools do not own a dairy herd, so that it is necessary for the class

to make use of the cows belonging to neighboring farms. Arrange-
ments should be made with the farmer so that there will be no
misunderstanding upon taking the class to his premises. The teacher
should select herds which contain animals suitable to his purpose
and, as far as possible, select farms where conditions are favorable

for judging. It is important to see that there are suitable inclosures

and facilities for handling the animals. Cows should be selected

which may be easily handled, especially for the first trip. If weather

Fig. 12.—Prominent mammary veins.

is likely to be unfavorable, facilities for working under cover will

be necessary. Wet, muddy barnyards are to be avoided. The in-

structor will find it to his advantage to examine thoroughl}^ the
animals he intends to use. When comparative judging is practiced
it is especially important that the teacher be well acquainted with
the animals and their relative points. The judging trip should be
announced ahead of time so that all students may be prepared for

outside work without delaying the class.

The first trip.—If the students have had no experience in judging
cattle it will be well to use the first judging period in learning how
to approach the animal, in checking up and applying what they
have learned about naming the parts, and in going over the points

of the card with the instructor. Boys may need caution that their

approach to the animal may be quiet and friendly. Girls may need
assurance that th^j may handle the animal without being harmed.
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If possible, the animal chosen for the first lesson should approach
the perfect dairy type, as it will aid in fixing that ideal in the minds
of the students.

If the class has been studjdng- the beef type and the students have
had experience in judging cattle, the first period may be spent in

comparing a dairy cow with a beef animal.
Scoring the dairy cow.—After the students have become familiar

with the card and the method of approaching the animal they may
make individual scores. The student should have well fixed in his

mind at this time an ideal dairy form. The card will give the score

for perfection in the various points; the student will enter, a score

which represents the points which he judges the animal to be worth.
The sum of these points gives the score of the animal. It should
be remembered that the use of tlie card is chiefly for the purpose of
training the student in observation, so that no details should be
omitted. The value of the card in judging animals depends largely

upon the care with which it is used. It will be noted that the weights
of different points A^ary greatly.

The scoring should be according to the following basis: 1.0, per-

fect: 0.9, very slight defect; 0.8, slight defect; O.Y, defective; O.G,

marked defect; and 0.5, poor.

The number of points given for any particular part of the animal
should be multiplied by the classification of that point, in the mind
of the student. For example, chest is assigned 8 points and the

animal examined is found to be defective. Eight times 0.7 equals

5.6, which represents the final score for chest. In this manner the

various parts of the body are scored in a proportional manner.
The value of accurate first impressions should be emphasized. As

the student approaches the animal he is impressed at once by her
temperament as indicated by her general shape and the development
of her milk organs. An impression also as to her capacity and health

will be evident. Observations should be taken from all sides of the

animal, as development is not always uniform. Students should

make an estimate of the cow's weight, and, if possible, their estimates

should be compared with the weight as shown by the scales. A
measuring tape will be useful at first in aiding the student to get

proper ideas of proportions.

After the cow is sized up in a general way the student should

proceed to go over her carefully point by point, commencing at the

head and working in a systematic manner. Considerable attention

should be given the barrel as an indication of capacity for feed, and
the rliest rapacity as an indication of strong constitution. (Fig. 13.)

Each student should f<'('l of the skin and hair and o])serve the secre-

tions in the eai's. S]iecial attention will be gi\en tlie udder in its

relation to milking capacity. Each student should examine carefully

the rnaminar-y veins and milk wells. While it may not be ])ossible

for each student to assist in milking the cow. tliis featui-e of j^ractical

judging should be emphasized.

Students should woi'k indejx'udently. Conversation and compari-

son of scores are to be avoided while the work is being done. The
teacher should use his judgment in detei-mining whether his time

mav be s|)ent better in aiding the students or in scoring the aniinal

as a basis for checking tlx'ir results.
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Cheching results.—If time permits, it is well, while the animal is

before the class, to compare the scores given and discuss its points.

If there is no further time, the cards may be collected and graded
by the teacher and then discussed at the next class. A thorough
discussion of the score given will be very profitable. The teacher
should not be arbitrary in his judgment, but should make allowance
for a difference of opinion.

If the records of production are obtainable they may be used in
checking the judgment of students as expressed in the scores given.

Often the farmer, although he does not keep a record, has an accurate
idea of the worth of his cow. The judgment of the student may be
compared with the judgment of the farmer.

Fig. 13.—Large heart girth showing good chest capacity

Comparative judging.—The scoring of animals is but preliminary
to what is now considered to be the more efficient method of judging;
that of comparison and placing according to merit. The student who
has used the score card carefully with a number of cows should be
prepared to take in the general conformation and detect the details

wdiich indicate the worth of the animal. In trying out the judgment
of students in comparative judging, usually at first four cows, which
have marked differences in ability, are chosen. As skill is developed
animals more nearly equal may be chosen. It is well to have students
study the market value of dairy cows in the district and place a

money value on the cows judged. (Fig. 14.)

Reasons should be required for each placing. The form filled out

below is suggested for this exercise. Each animal should be num-
bered or lettered.

Name of student, .John Jones. Date, April 26, 1916.

Class of animals, Dairy cows.
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Placing : First, B. Second, D. Tliird, A. Fourtli, C.

1. I place B over D, because she approaches more nearly the ideal dairy
form and has an udder of greater capacity, etc.

2. I place D over A, because she has greater chest capacity, indicating

a stronger constitution, etc.

3. I place A over C, because she has a larger barrel, indicating a
greater capacity for feed, etc.

Further 'practice with score card.—For later judging it will be well

to select animals of varying ability as milk producers. If records may
be obtained, it will be profitable to compare the scores given cows of

good records with those whose records show they are poor producers.
A study of the dairy breeds usually follows the study of type. While

all true dairy breeds are of the dairy type, there are minor differences

which characterize each breed. (Fig. 15.) These breed characteristics

are provided for in special score cards, which may be obtained from
the breeders' organizations. Where several breeds are popular there
will naturally be a good deal of breed comparison in the judging.

Fio 14.—A difference in capacity of barrel.

Judf/ing at fairs.—In some sections competitive stock judging at
fairs and stock shows has become very popular. If these competi-
tions are conducted with the student's devek^pment paramount, they
have higli educational value. Whether students enter a judging
competiticm or not, the student of dairy husbandry can leai-n much
at thes(; shows. A progressive teacher Avill take advantage of live-

.stock exhibitions and will endeavor to organize the students and
supervise their visit so that the best results may be obtained. The
better fairs not only give the student^s an opportunity to see the
best live stock of the section repi-esented, })ut they also give them an
oppoilunity to obsei-xe the methods of experienced judges. The Avork
of th(! judges should be observed closely by the visiting class, and
explanations of reasolis foi- their jjhicing carc'rully noted. The,
fairs give an opportunity for comparison of tyi)es and breeds which
is sehioni found in the school district.

At some of the schools local faifs are held in connection with the
work in stock judging. A local oxhihition of daii-y cattle will aid
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in arousing interest in dairying and a desire for better stock, as well
as give the students practice in judging. A program may be given
in connection vrith the show. While men well qualified should give
the main addresses concerning dairy cattle, a place should be re-

1^^H^^^QMHrB I^H
HH^spf^ s

'wl^39
^^p

^^HBfc«. I 1
IB- >

m 1

^J^IPtL ^B^^'*^ '
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w3tm^H^H^H^^P
Fig. 15.—Dairy types of different breeds : (upper) Jersey ; (lower) Ayrshire.

served for the members of the class. A debate on some question
pertaining to type or breed of dairy cattle would be interesting as

well as instructive.
WASHINGTON : GOVERNMENT PRINTING OFFICE : 1916
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INTRODUCTION.

. In the summer of 1914, while engaged in deciduous-fruit insect

investigations at Winchester, Va., the writer's attention was attracted

by the common occurrence of the apple leaf-sewer, Ancylis nuheculana
Clemens, sometimes termed the apple leaf-folder, upon apple foliage.

Although injury to apple foUage by the larva of this insect was
recorded by Riley as early as 1877, very Uttle concerning it has been
published since. This apparent lack of attention may be attributed

to the fact that although common and widely distributed, it has
occurred so far only at infrequent intervals in sufhcientiy large num-
bers to cause serious damage and attract special notice to it, as an
economic pest.

The feeding habits of the larva, while interesting when contrasted

with those of other leaf-inhabiting species, are such as, imder certain

conditions, render the insect capable of considerable damage to the

foliage of the apple, especially in young orchards receiving indifferent

care. At the suggestion and under the direction of Dr. A. L. Quain-
tance, of the Bureau of Entomology, the study of the ])iology of this

insect was made in the sumiiKu- of \\)\A and 101 .5.

NoTF..—This bulletin will bo found of value to applo (jrowers in the North and Central Adanl ic States,

the Mlddln Wfr ;t , ;ind portions of (Canada.

671fXi°-I5iJll. 4:{:>— 10
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HISTORY.

This species was first described by Clemens, in 1860, under the

name of Anchylopera nubeculana Clem. In 1875 Zeller described the

adult, pupa, and larva under the name of Phoxopteris nubeculana.

The first record of injury caused by this species is given by Riley,

who called it by the common name of ''apple leaf-sewer," in his

annual report of 1878, the injury occurring in Ontario County, N. Y.,

where certain orchards were seriously affected, one-fourth of the

leaves being infested. In 1878 P. II. Hoy reported it a serious orchard

pest in Wisconsin, while Lugger, in 1899, reported injury by this

insect in Minnesota. The moth has also been recorded as abundant
in Ontario (Canada) orchards in 1895 and 1903. Felt in 1907 re-

corded the ravages of the insect in New York State and gave meas-

ures for its control. SUngerland and Crosby have given a short ac-

count of the apple leaf sewer In their recent "Manual of Fruit In-

DISTRIBUTION.

Dyar gives the distribution of this species as ''North Atlantic

States." Fernald received it from Nova Scotia (Canada), while

Rounthwaite collected it in Manitoba and Fletcher recorded it from

Ontario. In the United States, specimens in the United States Na-
tional Museum, the correspondence, notes, and collection of the Bu-
reau of Entomology, and the available literature, all indicate that

this species occurs in the following States: Connecticut, Illinois,

Maine, Massachusetts, Michigan, Minnesota, Missouri, New Hamp-
shire, New Jersey, New York, Pennsylvania, Rhode Island, Virginia,

and Wisconsin.

FEEDING HABITS AND CHARACTER OF INJURY.

This insect appears to confine its attack to the apple.

Immediately on leaving the egg the larva migrates to the vicinity

of one of the prominent main ribs on the underside of the leaf and

spins a sheltering web of silk, under which it begins to feed (fig. 1,5).

The larva never feeds before completing its shelter of silk, and during

the first 3 or 4 weeks of its life does not leave this silken covering,

but extends it from time to time over the tender parenchymatous

tissue on the underside of the leaf, gradually drawing the lower

sides of the leaf together (fig. 2). At the end of this period, the

young larva, having increased very materially in size, gnaws
through the upper tissues of the leaf and makes its way to a,

fresh leaf, usually the one directly above. Here it stations itself

on the upper side of the leaf at the juncture of the midrib and

stem and spins another web of silk. Each strand crosses the

midril) at right angles, and both ends of each strand are fastened
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to the leaf at equal distances from the midrib. At the beginning,

this "vreb is about three-eighths of an inch in width and somewhat

Fig. 1.—Apple leaf-sew-er (AiKylis nubeculana): a, Apple leaf showing location of silken covering of newly

hatched larva; 6, portion of same, murli enlarged; c, newly hatched larva, much enlarged. (Original.)

greater in length, but gradually the outer edges of the leaf are drawn
together and at the end of 24 hours are completely joined (fig. 3, a).

Fio. 2. -The apple leaf-sewer: Work of young larva on leaf.

(Original.)

In constructing this web and weaving the

strands of silk from the sides over the mid-

rib, the larva appears to exert no force, and

the drawing together of the upper sides of

the loaf probably results from contraction of

the silken strands in (hying.

When the leaf has been folded in this fash-

ion, the larva sews the two halves securely

together with silk immediately under the

edges. Within this folded leaf (see PI. I, fig,

1 ) the insect continues to eat tlio upper par-

enchyma, the ex(;reni(;nt l)(iing deposited within the fold n(uir the

stem end (PI. I, fig. •'>). 'i'he loaf soon ])egins to present a scorched

appearance and the larva eventually gnaws a hole through the

Fig. 3.—The apple loaf-sower: a,

Folded loaf showing how fooding

larva is protected; b, full-grown

larva, much enlarged. (Origi-

nal.)
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side (PI. I, fig. 2) and, crawling to another leaf, repeats the folding

and sewing operation.

During the sfeason a single larva will thus destroy several leaves,

and when the insect is present in sufficient numbers, extensive

defohation may result.

Felt, in discussing the habits of the apple leaf sewer or "folder,'^

as he designates it, states that the common name "apple leaf folder'^

exactly describes the work of the caterpillar, since the presence of the

dark yellowish-green, black-marked caterpillars is most easily recog-

nized by the apposed halves of infested leaves, their edges being

held together by strands of silk.

From observations made in the spring of 1915 it developed that

the larva of the apple leaf-sewer does not begin to sew up the leaf

immediately on leaving the egg, as stated by Riley, Felt, Fletcher,

and others. This would seem an impossible task for the newly

hatched larva because of its minute size.

DESCRIPTION OF STAGES.

THE EGG.

As far as can be ascertained, no description of the egg has been

made in the literature of the apple leaf-sewer. This is probably

due to the fact that the egg is minute, inconspicuous, and difficult

to detect. Except in color, it

bears a striking resemblance to

the egg of the codhng moth, be-

ing a flat, somewhat oval-shaped

object with a raised circumfer-

ence or flange and a shallow de-

pression in the center (fig. 4, h).

The eggs are about the size of

pinheads, and are fairly uniform,

averaging about 0.8 mm. in

length and 0.6 mm. in width.

The surface is covered with a

network of ridges which are

closer together and more regular

toward the central portion than

around the edges. When first

deposited the eggs are the color

of the leaf and it is only in reflected light that they can be detected.

In 48 hours the color changes to a deep yeUow. Later the embryo
is indicated by the raised outer edge becoming darker in color, and
shortly before hatching the larva is plainly visible, bent like a U
around the central depression. The eggs are always securely glued

Fig. 4.—The apple leaf-sewer: a, Apple leaf, with posi-

tion of egg indicated ; 6, egg on portion of leaf
,
greatly

enlarged. (Original.)
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Fio. 1.—Twlfr bearing two leaveH InfcHtcd l^y tli<; upplc Icuf-scwcr (Ancj/llg nuheculann),
Fm. 2.— LoavcH killed by the apple leaf-HOwer, hliowiiix exit Imh^n of liirvii;. Ki«. 8.—Iii-

ffcHU'd leaf torn apart, expOHliig larva, Hllkeu web, aud luirtlally destroyed parenchyma.
(Original.)
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to the leaf and are usually deposited on the under side, singly or

in irregular groups (fig. 4, a). After hatching the eggshell is white

and retains its shape. One often finds shells which remain for some
time after the egg has hatched.

THE LARVA.

On hatching, the larva escapes through an irregular crack near the

outer edge and leaves the eggshell in 2 or 3 minutes. The newly

hatched larva is very active ; its color is yellowish green throughout,

with the exception of the orange-colored head. Riley describes the

full-grown larva as follows

:

Length about 11.5 mm. Head a yellowish orange, thoracic shield yellowish, the

body a variable fuscous yellowish green. The head is somewhat flattened, the labium

reddish brown, the mandibles fuscous apically and the small antennas are whitish

basally, pale orange near the middle, and semitrans-

parent apically. The large thoracic shield has irregu-

lar black markings at the lateral posterior angles, the

body is somewhat more fuscous laterally, and the setig-

erous tubercles are rather large, lighter than the body,

and each bears a single fuscous hair. Anal plate yel-

lowish with a conspicuous irregular, transverse, black

spot on the posterior half. True legs with the basal

segment fuscous yellowish, the other segments dark

brown or black, prolegs pale yellowish green.

There is great variation in the size and

color of the larvae, but the conspicuous black

spots near each outer hind corner of the

thoracic shield serve as a ready means of

identification (fig. 3, 6).

THE PUPA.

When first formed, the color of the pupa
is a dark yellowish brown (fig, 5, h). The
last four abdominal segments retain their

original color, but the head, eyes, and wing

shields gradually change to black, mottled

with yellow. The wing shields extend to

the fourth abdominal segment; the antennae not quite so fur. The
anterior and posterior borders of each abdominal segment are armed
dorsally with a transverse row of minute decurved spines. Tlie anal

segment is quite sharp. The size is variable and averages 3 mm. by
7.5 mm.

THE ADULT.

Tlio moth (fig. G) measures a})oiit 18 mm. across the expanded
wings. The head, thorax, and abdomen are dark brown dorsally

and fight gray upon the ventral side. The antennae are dark brown,

Fig. 5.—The apple leaf-sewer: o,

Apple leaf showing pupal case

and manner of emergence; 6,

pupa, much enlarged. (Origi-

nal.)
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Fig. 6.—The apple leaf-sewer: a, Adult moth, much
6, same, natural size, at rest. (Original.)

while the legs are light gray. The fore wings are marked by heavy

white areas near the anterior margin and with a broad, oblique

white stripe on the posterior margin near the extremity. The hind

wings are light gray, merging

into a somewhat darker gray at

the outer margins.

The adult was first described

by Clemens in 1860. The fol-

lowing is his description:

Anchylopera nubeculana n. s. Fore

wings white, with a dark brown dorsal

patch extending from the base to the

middle of the wing, with its costal

edge irregular or doubly curved. The
oblique central fascia is almost obso-

lete, except on the middle of the costa, where it appears as a dark grayish brown
roimd spot exterior to which is a short black dash. The wing above the inner angle

is varied with grayish brown and brownish. The costa exterior of the middle is

alternately streaked with white and brownish, becoming reddish brown toward the

tip. Extreme apex reddish brown.

SPRING PUPATION OF WINTERING LARV^.

At Winchester, Va., in the spring of 1915, pupation of the winter-

ing larvEe began the latter part of April, and from that time pupation

appeared to depend entirely on the temperature, A few days of

warm weather would result in several larvae entering pupation, while

a cold spell would prolong that period for those already in pupation

and prevent any additional larvse from transforming. In the latitude

of northern Virginia and the District of Columbia pupation evidently

begins normally about April 20, or possibly a little before, depending

on the relative lateness of the season.

The larvse used in obtaining these pupation records were collected

in November, 1914, shortly before the leaves began to drop. They
were placed in rearing jars partly filled with soil and carried through

the winter in an out-of-doors rearing shelter. The beginning of pupa-

tion was readily observed, since the larva pupates within the folded

leaf in which it undergoes the final molt.
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Table I.

—

Length of pupal period ofunntering larvse of the apple leaf-sewer,

Winchester, Va., 1915.

No. of
observation.

Date of—

Length
of pupal
period.Pupa-

tion.

Emer-
gence of
moth.

1 Apr. 19
Apr. 21
Apr. 22
May ' 4

do...

May 13

...do
May 15

May 26
May 27
May 28
June 1

June 4
June 6
...do
June 3
June 8

Junfe 7

...do
June 8

June 7

June 8
...do

Days.
24
22
23
22
23
24
27
27
29
29
26
30
27
27
28
27
27
27

2

3

4
5

6 do....
7 ...do
8 May 8

do9
10 ...do
11 ...do
12 May 9

May 11
_ __do

13
14
15 i...do
16 do
17 May 12
IS do

Max 30
22
26.05

Min 1

Av
1

The longest pupal period observed was 30 d,ays, the shortest 22

days, and the average of the 18 observations 26.05 days. The

records at Winchester show a much longer duration of this stage than

has been observed by others, though data from other sources are

rather hmited. Johannsen, in 1909, states that in Maine the larvse

transform to chrysahds during April and that about 10 days later the

moths begin to appear.

EMERGENCE OF MOTHS.

Table I gives the time of appearance of moths that emerged at

Winchester in the spring of 1915 from field-collected rearing material,

with the exception of the fijst adult, which appeared in the laboratory

on May 7, and upon which no pupal record was obtained. The main

emergence, however, did not begin until the latter part of May.

As b(!fore stated, pupation takes place within the folded leaf.

When ready to emerge the pupa forces its body through the edges or

some convenient crevice of the folded leaf until about half the body
is projected. The moth then emerges, crawls about upon the dead

leaf, and holds the wings over the head to dry, leaving the discarded

pupal skin hanging through the leaf (fig. 5, a). Thci moths emerge

during the; early hours of the morning, sciveral having been observed

drjnng their wings at that time.

Th(i moth is extnimcly difficult to detect in the orchai'd, but on

three s(;parati! orcusions, May 27, June; ^-5, and .luru^ (>, achilts were

captured in the field, whi<-,h verifies to some extent the emergence

pfjriod obs<!rv'ed in the laboratory.
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OVIPOSITION OF THE MOTHS.

As the motlis emerged from day to day they were transferred to

rearing jars containing apple twigs in leaf, the ends of which were

placed in small vials of water to maintain freshness. The eggs are

laid singly or in irregular groups, usually on the underside of the leaf,

but sometimes on the upper side, and are securely glued to the leaf;

in fact, they can not be removed without crushing. In the rearing

cages the eggs are often deposited indiscriminately upon the sides

and bottom of the jars.

Table II.—Oviposition of moths of apple leaf-sewer, Winchester, Va., 1915.

Numter of cage.
Number

of
moths.

Date of— Days.

Emer-
gence.

First
oviposi-
tion.

Last
oviposi-
tion.

Before
oviposi-
tion.

Of ovi-

position.

From
emer-

gence to
last ovi-
position.

1 3
4
3
4

June 1

June 6
June 7

Jxme 8

June 2
June 7
June 9
...do....

June 7
June 11
June 19
June 21

1

1

2
1

6
5

11
13

7

6
13
14

2
3

4

2
1

1.25

13

5
8.75

14
6
10

From Table II it will be seen that the moths begin to deposit eggs

in from 1 to 2 days after emergence, the average for 4 observations

being 1.25 days. The average period of oviposition lasted 8.75 days,

the longest period observed being 13 days and the shortest 5 days.

While these observations show that the moths oviposit very shortly

after emerging, Johannsen, in 1909, states that in Maine moths appear

in April and deposit their eggs in June.

Copulation has not been noted, but occurs very soon after emer-

gence, as indicated by the short period between emergence and

oviposition.

No individual egg-laying records were obtained, but in confinement

the moths averaged about 65 eggs each.

LENGTH OF LIFE OF MOTHS.

The length of life of 11 adults is given in Table III.

Table III.—Length of life of moths of apple leaf-sewer, Winchester, Fc., 1915.

Number of moths.
Length
of life.

1

Number of moths.
Length
of life.

1 5
8

10
12
14 '

1 15
15
17
18

2 . . . . 1

1 1

1 1

2

11

Maximum .

.

Minimum...
Average

Total . 114

IS
5

10.3
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These moths were supplied with honey and water. Several moths
were given no food or water and several were given water alone.

The former lived only a few days after emergence and the latter lived

a shorter period than those supplied with both water and honey.

The moths fed upon water and honey lived from 5 to 18 days, the

average of 11 observations being 10.3 days. No data were obtained

upon the relative longevity of the sexes.

HABITS OF MOTHS.

The moths are active during the day, especially in the morning, at

which time they appear to deposit most of the eggs. In the rearing

cages they are rather inactive, spending most of the time resting on
the underside of the leaves, with their wings tightly folded (fig. 6, &).

In the orchard they are active, making short, quick, erratic flights

from one portion of the tree to another. The moths are so small and
so adept at hiding that they are seldom observed in the orchard.

INCUBATION OF EGGS.

The shortest incubation period observed was 7 days, the longest 13

days, and the average for 16 lots of eggs 8.8 days. As a rule, the

incubation period for the individual eggs of a given lot varied only

a few hours, and in recording observations for any lot of eggs incuba-

tion was considered over when the first egg hatched. Table IV shows

the incubation period of the eggs.

Table IV.

—

Incubation period of eggs ofapple leaf-sewer, Winchester, Va., 1915.

Numljer of eggs
observed.

25 Jime 2

June 5
June (J

June 7

June 8
Juno i)

Juno 11

Juno 12

Juno 1:5

Juno 14
Juno IT)

Juno Ki

Juno 17

Juno IH

JiMio !!)

June 21

6
13

24
63
52
.39

02
41

48
23
17

28
21

6
6

Average.

Date

—

Depos-
ited.

Hatched.

June 15

June 14
June 15

June 16
Juno 17

...do.. ..

June IS

Juno 19

Juno 20
June 22
June 23
Juno 25
June 2ti

Juno 25

Jiuie M)
July 2

Period
of incu-
bation.

Days.
13
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LARVAL FEEDING PERIOD.

As fast as the larvae hatched in the laboratory they were trans-

ferred to the leaves of young trees growing within cages of wire net-

ting. When placed upon the leaf the newly hatched larva imme-
diately crawled to the underside of the leaf and began the construc-

tion of its silken web, as previously described. About this time (June

24) young larvae were very abundant in the young unsprayed orchards

in the vicinity of Winchester, Va. During the remainder of the

summer the larvse continued to feed upon the leaves, the length of the

feeding period therefore being directly dependent on the time the

individual infested apple leaves begin to drop in the fall. The leaves

infested by the apple leaf-sewer usually fall before the rest of the

normal foHage, owing to their weakened condition. In 1914 the

leaves continued upon the trees until about November 20, while in

1915 they had all fallen to the ground by November 6. Table V shows
the feeding period of the larvse.

Table V.

—

Feeding -period of the larvx of the apple leaf-sewer, Winchester, Va., 1915.

Date-
Number
of indi-

Number
of days

viduals. Began Leaf feeding.
feeding. dropped.

1 June 15 Nov. 3 141
1 June 16 Nov. 1 138
1 June 17 Oct. 30 135

1 June 18 Get. 31 135
1 June 19 Nov. 6 140
1 June 20 Oct. 31 133
1 June 22 Nov. 6 136
2 June 23 ...do.... 135
2 June 25 Nov. 1 129
1 June 26 Nov. 2 129
1 June 30 ...do.... 125
2 July 2 Nov. 4 125

Total. 15
Av 132. 66

141
125

Max ....
Min

The shortest feeding period was 125 days, the longest 141, while

the average for 15 observations was 132.66 days. The leaves become
dry and hard within 2 or 3 days after falUng. The feeding period of

the individual larva was therefore considered as completed when the

leaf infested by it had fallen from the tree.

mBERNATION.

When the folded leaf containing the larva falls to the ground in the

late fall, the larva lines the inside of the folds with silk and hibernates

until spring. Experiments indicate that the larvse hibernating in the

fallen leaves are able to withstand great extremes of moisture and

temperatm-e conditions, and that a larger proportion of them suc-

cessfully withstand the winter than would ordinarily be supposed.
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NATURAL ENEMIES.

The larvge of Ancylis nubeculana are attacked by a number of

parasitic and predacious enemies.

Pseudomphale ancylae Girault, n. sp. [MSS.], a hymenopterous para-

site belonging to the family Chalcididae, was foimd to be a very

common enemy of larvae of the apple leaf-sewer in the vicinity of

Winchester, Va. Six hundred and seventy-eight infested leaves

were collected in the fall of 1914, and of these, 98 contained the pupal

cases of this parasite, indicating that about 15 per cent of the leaf-

sewer larvae were destroyed. In late summer and early fall the para-

sitic larvae leave the body of the host and spin their cocoons within

the folded leaf, attaching the cocoons along the midrib of the leaf.

From 4 to 6 parasites emerge from a single leaf-sewer larva. Only
in two instances on examination at this time were pupae foimd in

these cocoons, and it appears that the parasite does not commonly
overwinter within the folded leaf.

No parasites were reared from the breeding material in the spring

of 1915.

Riley reared a braconid, RTiysipolis phoxopteridis Riley MS., from
a leaf-sewer larva, in 1884, at Kirkwood, Mo., and in 1877, at Ithaca,

N. Y., reared Angitia paediscae Riley MS.
Ants are an important factor in reducing the number of larvae and

pupje during the winter and spring. In the sprmg of 1915, during

the pupal period, ants almost ruined the writer's breeding material,

which had been placed upon the ground under wire rearing cages.

REMEDIAL MEASURES.

The apple leaf-sewer larva migrates from one leaf to another
several times during the season, which renders the control of this

insect by the use of arsenical sprays very simple. According to the
life-history studies of this insect at Winchester, Va., in 1915, the

eggs begin to hatch about June 14 and continue hatching until about
July 2, the maximum number of larvae appearing about June 20.

T?t,e regulation arsenical spray of 2 pounds arsenate of lead to 50 gallons

ofvMter, applied by June 15, will therefore control tliis insect, and as
the second spray for the -first hrood of codling moth is usually applied
by the above date, in the vicinity of Winchester, no special application

will be required for the control of the apple leaf-sewer.

Spraying experiments conducted at Winchester, Va., indicate that
even the fiiJl-growu larva is oxtromoly sensitive to arsenical sprays
and nsadily killed by that means. This is easily understood when
one remembers that on sewing up the leaf the larva consumes all the

u[)f)er f)iiren(hyina and can not escape the arsenate of lead deposited
thereon by the spray.
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In Virginia young apple trees which do not receive the arsenical

spray are frequently defohated by the apple leaf-sewer, whereas

neighboring orchards in bearing, having received one or more
codling-moth spray apphcations, ahnost entirely escape. Young
orchards should receive the arsenical spray as soon as this pest

appears in numbers sufficient to cause any serious damage.

Mr. Fred Johnson ^describes conditions in Niagara County, N. Y.,

in 1905, as follows:

The depredation of this pest is becoming quite marked in many orchards in the

Youngstown district and also in orchards on the Canadian side of the Niagara River.

The worst infestation coming under my notice is in an orchard of about 60 acres of the

Greening, Baldwin, and Duchess of Oldenburg varieties.

On many of these trees nearly all the leaves are sewn together and have a scorched

appearance. The larva does not appear to attain its full growth in one leaf, but as

soon as it has eaten the gi'eater part of the tissue on the inside of the leaf which it has

sewn together it gnaws a hole through the side of the leaf and escapes. It then attacks

another leaf and proceeds as with the one it has vacated.

This entire orchard is in sod and received only an indifferent spraying early in June.

Parts of trees and whole trees that were fairly well sprayed have good foliage, whereas

the foliage of trees or parts of trees which received little or no spray has either fallen

or presents a scorched appearance on the tree.

Duchess of Oldenburg trees sprayed June 9 and June 23 with 4 pounds of arsenate

of lead to 50 gallons of full-strength Bordeaux mixture are quite free from this post,

whereas its ravages on the check trees are very marked. The condition of the foliage

in this orchard at this date indicates that the pest can be held in check by thorough

spraying at the dates that applications are usually made for scab and codling moth.

Mr. Johnson used 4 pounds of arsenate of lead to 50 gallons of water,

but the spraying experiments conducted at Winchester, Va., indicate

that 2 pounds of arsenate of lead to 50 gallons of water is sufficient for

the control of the apple leaf-sewer. Lime-sulphur solutions or

Bordeaux mixture may or may not be added, according to orchard

conditions.
SUMMARY.

When present in sufficient numbers, the apple leaf-sewer may
•cause serious injury to apple foliage.

The apple leaf-sewer is generally distributed over the North and
Central Atlantic States, the Middle West, and in portions of Canada.

The insect appears to confine its attack to the apple.

The newly-hatched larva spends the first 3 or 4 weeks of its life

under a silken covering on the underside of the leaf. The remainder

of the larval feeding period is passed within a succession of folded

leaves. It destroys these leaves by eating the upper parenchyma.
In appearance the egg is very similar to that of the codling moth.

The average period of incubation was found to be 8.8 days.

The full-grown larva is yellowish green, with an orange-colored

head and thoracic shield, the latter with irregular black markings

> Unpublished notes, Bureau of Entomology.
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at tte lateral posterior angles. This last character serves as a ready
means of identification.

The larval feeding period varies from 125 to 141 days.

The larva hibernates upon the ground within the fallen leaf, and
while in this state is able to withstand wide extremes of moisture and
temperature.

When first formed the pupa is a dark yellowish brown, some por-

tions later changing to black, mottled with yellow.

The moth is grayish brown and measures about 18 mm. across the

expanded wings.

In the latitude of northern Virginia, in a normal season, pupation
begins about April 20, or possibly a little before, depending on the

relative lateness of the season. The larva pupates within the folded

leaf upon the ground. The average pupal period of the wintering

larva of the apple leaf-sewer at Winchester, Va., in 1915, was 26.05

days.

In 1915, the moths continued to emerge from May 7 until June 8.

They began to deposit eggs upon the apple foliage in from one to two
days after emergence. Oviposition lasted from 5 to 13 days, and the

moths averaged 65 eggs each. They Uved from 5 to 18 days, aver-

aging 10.3 days.

The moths are active during the day, especially during the morning,

at which time they appear to deposit most of their eggs.

The principal insect enemy of the apple leaf-sewer in Virginia

appears to hePsevdompTiale ancylae Girault, n. sp. [MSS.], of the family

Chalcididae.

At aU times during the larval stage, the apple leaf-sewer is very
susceptible to arsenical sprays. Arsenate of lead should be used at

the rate of 2 pounds to 50 gallons of water. Bearing orchards

receiving the customary spraying for the codling moth usually escape

injuiy from the apple leaf-sewer. Young orchards should receive an
arsenical spray as soon as the insect appears in numbers sufficient

to cause serious damage.
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INTRODUCTION.

For a number of years past reports have been received by the

Bureau of Entomology of considerable damage to corn, milo maize,

and related crops by a small black beetle, Chaetocnema edypa Horn,

wliich, because of the fact that it is a native of the southwestern

desert regions, has been named the desert corn flea-beetle (fig. 1, p. 5).

The writer first noted this small black beetle in the spring of 1910,

while located on a ranch in the extreme southern part of California.

In a field wMch had been planted to Indian corn, as an experiment

on the productiveness of this corn in the newly irrigated Imperial

Valley, it was noticed that within a few days after the corn came
through the ground the leaves became whitened and bleached, appar-

ently as a result of the work of some insect, and upon closer investi-

gation this beetle was found to be the cause. Subsequently the work
of this flea-beetle was noticed on various Egyptian corns and sorghums
as well as on sweet corn in various localities, not only in southern

California but also in southern Arizona and New Mexico.

The study of the habits, life history, and methods of controlling

this insect was commenced in the Imperial VaUcy of California in 1910,

and during 1913, 1014, and 1915 has been conducted at Tempe, Ariz,'

The following pages comprise a report of these studies and obser-

vations upon the economic status of this species in the Southwestern

States.

' The writer was assisted during a part of the time by Messrs. R, N, Wilson, F. H. Gates, and L. J.

Uogg, of the liufpaij of Entomology.

67154*—Bull. 436-17 1



2 BULLETIN 436, U. S. DEPAETMENT OF AGRICULTURE,

DISTRIBUTION.
i

So far as known, the distribution of this flea-beetle is confined to

those areas of the southwestern United States that are normally

semiarid in chmate. As was stated in a preceding paragraph,, th©

observations by the writer and his associates have been confined to)

California, Arizona, and New Mexico, and the species has been col-

lected in practically aU of the lower altitudes throughout these

States. Collections in the higher altitudes show the species to be

usually absent. This is no doubt due to the annual rainfall, which

.

usually increases with the altitude. An exception to this rule, how-

ever, was found by Mr. F. H. Gates, during the fall of 1915, when
he took several of the adult beetles at Prescott, Ariz., elevation

5,000 feet, where they were injuring Sudan grass. The writer, three

months previous to this, had made observations throughout northern

Arizona, stopping at Kirkland, Prescott, Ash Fork, Flagstaff, Hol-

brook, Wilhams, and Joseph City, aU of which are located at altitudes

over 3,000 feet, and although a careful and prolonged search was
made upon various known food plants, not a specimen was found

and no injury was apparent except at Prescott, where typical fecsd-

ing scars were found on corn.

Through the kindness of Dr. F. H. Chittenden, the writer was per-

mitted to make use of certain records in the files of his office and

found that Prof. E. S. G. Titus had collected the species upon sugar

beets at Lehi, Utah, and Huntington Beach, Cal.; that Mr. E. L.

Crow found specimens at Yuma, Ariz.; and that Mr. H. O. Marsh

collected specimens feeding upon com at Anaheim, Cal.; the type

specimens were secured at Los Angeles, Cal., and Dr. George H. Horn
reported it as also occurring in Arizona. Only one other observation

has apparently been recorded;^ this was by Dr. A. W. MorrOl, who
mentions it as occurring upon Sudan grass at Phoenix, Ariz.

ECONOMIC CONSIDERATIONS.

To understand properly the nature of insect damage to crops

growing on irrigated tracts in the southwestern semiarid regions of

the United States one should know something of the existing condi-

tions. A tract of land is often found, varying from 200 to 100,000)

acres or more, entirely surrounded by thousands of acres of land

which is practically worthless from an agricultural standpoint; yet.

growing upon this land are weeds and grasses which serve as the

native food plants for certain insects. When this comparatively

small irrigated or dry-farm tract is planted to any crop, such as com,
milo maize, Kafir com, etc., a great many of these insects quickly

attack the new growing crops and feed upon them. Then, when

1 Morrill, A. W. Report of the entomologist of the Arizona Commission of Agriculture and Horti-

culture. Ariz. Com. Agr. Hort., 6th Ann. Rpt., p. 33, 1914.
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these crops follow one another year after year, and the area becomes

estabUshed and known as a farming region, the insects develop in

still larger numbers, being fostered by abundant food and protected

by certain careless methods of farming. Sooner or later we have an

economic pest of grave importance.

The injury caused by the flea-beetle under discussion is due to

just such circumstances, and to these alone.

As has been suggested previously in this paper, this insect does

its greatest injury to Indian corn of various kinds and to the non-

saccharine sorghums, while it bids fair to be a very important pest

of Sudan gi*ass. It also exerts a minor influence upon aU crops on

which it feeds, taking its yearly toll from each of them.

NATURE OF INJURY.

In destroying its food plant, this beetle works from both ends, as

it were, the adults attacking the plant above the ground and the

larvge below the ground. The adults eat out the chlorophyll of the

leaves, and when sufficiently numerous they cause the leaves to

wilt. If feeding is long continued, new growing plants wiUbe killed.

As the eggs are deposited below the surface of the ground, the larvaa

immediately begin feeding upon the roots, and soon the plant has

quite a shallow root system that will not support it in a thrifty

manner.

The roots, after having been injured by the larvae, attempt to

overcome this injury by sending out new laterals, as illustrated in

figure 6, page 11, and then sometimes slight windstorms wiU cause

plants to blow over and lodge badly, thus further reducing the yield.

EXTENT OF INJURY.

The extent of damage inflicted in any year upon any particular

crop depends largely upon conditions. First, if corn is planted

early in the spring, it will usually suffer most heavily. Then again,

if th(! grain is planted under conditions which have been ideal for

the hibernation of adult beetles, the damage wiU also be considerable.

In the early months of the year sweet corn is especially liable to

attack, and partly because of this it is almost impossible to secure

roasting cars early.

Mr. Peterson, of the Bureau of Plant Industry, who was formerly

in charge of the experiment station located at Bard, Cal., states tliat

these beetles damage com on the station plats to a considerable

extent, and that th(;y have caused this damage there for several years.

The writer has seen small pieces of com completely destroyed by this

beetle, the attack occumng just as the com was comhig thi-ough th(^

ground. In these cases the owner often thought that the com had

failed to come up.



4 BULLETIN 436, U. S. DEPAETMENT OF AGEICULTUEE.

Mr. R. N. Wilson, in notes made during May, 1912, at Sacaton,

Ariz., relative to a small area cultivated by the Pima Indians, stated

that com on the Bureau of Plant Industry Experimental Farm at

that place had been enthely killed by these beetles before it matured.

Mr. Hudson, agent in charge of this farm, says that this is the usual

fate of the early corn planted at Sacaton, but that some years the

beetles are not so numerous and the com partially escapes, although

it is not so vigorous as it should be, on account of the beetle attack.

Three years previous to this, Mr. C. N. AinsHe, also of the Bureau
of Entomology, made the following notes on his observations in the

same locahty:

Heard early this a. m. that a "black bug" was destroying corn in garden. Found
several long rows of corn 4 to 6 inches high, almost killed by Chaetocnema ectypa. The
beetles were clustered on the leaves and in many cases a dozen or more would be

down in the center, busy with the terminal leaf. The hills looked as if blasted by a

hot Avind.

Some volunteer stalks of corn 2 feet high, in a watermelon patch some rods away,

were bleached almost white, as was a plat of corn 2 feet high on experimental plat, 60

rods or so distant. These beetles are credited with doing much mischief to corn here.

Dr. A. W. MoiTill ^ states:

The com flea-beetle, Chaetocnema ectypa, was unusually abundant in parts of the

Salt River Valley, and was especially troublesome in experimental plots of Sudan
grass at the experiment station farm near Phoenix.

Prof. G. F. Freeman,^ of the University of Arizona Experiment

Station, in speaking of variety tests of Papago and other varieties of

sweet corn, says:

Small black flea-beetles (Chaetocnema ectypa) injured both lots quite severely. So

many plants of the early lot at Tucson were killed that all plots had to be replanted

about April 20. The latter planting was injured to some extent but very few plants

were killed outright.

From these observations it is obvious that the injury caused by
this beetle is such as to demand careful attention, and vigorous efforts

should be made to reduce its numbers upon the ranches of the south-

western United States.

FOOD PLANTS.

It seems probable that this beetle had as its native food plant some
one or more of the native grasses growmg in the Southwestern States,

as it is found on quite a number of these. It is especially abundant
at different times on wild barley (Hordeum murinum), salt grass

{Distichlis spicata), Johnson grass {Sorghwm Jidlepense), and hair-

grass dropseed (Sporoholus airoides), as well as on others. Johnson

grass and salt grass are two of its favorite food plants, and at aU

1 Morrill, A. W. Report of the entomologist of the Arizona Commission of Agriculture and Horticulture.

In 6th Ann. Rpt. Ariz. Com. Agr. Hort., p. 33. 1914.

2 Freeman, G. F. Papago sweet corn, a new variety. Ariz. Agr. Exp. Sta. Bui. 75, p. 462. May, 1915.
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seasons of the year when these grasses are flourishing the adult

beetles can be found feeding upon the leaves, while the larvse can be

taken from the roots.

Of the cultivated crops, this beetle seems to be especially fond of

corn, milo maize, and Sudan grass, and it is to these crops that it does

the greatest damage. It has been taken in both the adult and larval

stages, feeding upon Indian corn, milo maize, kafir corn, sorghum,

sugar cane, Sudan grass, wheat, barley, and alfalfa, and Mr. R. N.

Wilson reported it as doing exceedingly great damage to a field of

beans on a ranch southeast of Tempe, Ariz. Accordmg to the state-

ment of Mr. E. W. Hudson, many young bamboo plants growing on

the Bureau of Plant Industry Experimental Farm at Sacaton, Ariz.,

were entirely killed. Dr. F. H. Chittenden has on file a record by Mr.

E. L. Ci'ow, showmg that the beetle, besides feeding on corn, Johnson

grass, and barley, occasionally attacks cantaloupes; and one by Mr.

E. S. G. Titus, reporting it as feeding upon sugar beets

DESCRIPTIONS.

THE ADULT.

One is hardly hkely to confuse this flea-beetle with any other

occun'ing in the areas where corn, wheat, barley, and Sudan grass are

seriously injured. Only one other re-

sembling it in size, color, and jumping

habits occurs in these semiarid regions

in any number. This is the western

cabbage flea-beetle (Phyllotreta pusilla

Lee.) which occurs on cruciferous plants,

and which differs in being slightly longer

Fio. 1.—Thf! (Ios«rf.com flnii-bpotlr! ( Chaetocnema fctypn): Adult, dorsal vlow; «, sairic, lulorul view in out-

\\w.. (iT('.o,\.\y orilurgod. (Original.)

and ill liaviiig a more pointed ubdomc^n than the desert corn flea-b(U'!tlo.

Th(! eastern <-.orn flcn-bectlo (C'/Kutonif'/ma jmlicaria Crotcli) occurs in
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exceedingly limited numbers in the southwestern United States, but
the farmer need not be concerned in regard to this, for the insects are

quite similar in habits and methods of control.

The adults of Chaetocnema ectypa (fig. 1) are

shining black, less than 2 miUimeters (three thirty-

seconds of an inch) in length, and nearly as broad
as long. Upon a corn leaf they appear as tiny,

nearly round objects, each about the size of the

point of a lead pencil. The species was origi-

nally described by Dr. George H. Horn in 1899.

His description is necessarily incomplete, since he
merely points out the difference existing between
Chaetocnema ectypa and Chaetocnema ohesula Lee,

Fig. 2.-Tiie desertcom which it vcry closcly resembles. The description

flea-beetl'e: Egg. foUoWS:
Greatly enlarged.
(Original.) Surface distinctly aeneous. Antennae rufotestaceous at

base, the five outer joints piceous. Thorax distinctly alutaceous. The punctation

extremely fine, indistinct, and sparse. The basal marginal line consists of fine, closely

placed punctures. Anterior and middle femora brown, the posterior femora piceous,

tibiae and tarsi rufotestaceous. Length, 0.06 inch; 1.5 mm.

THE EGG.

The eggs (fig. 2) are minute, averaging about 0.35 mm. long by
0.15 mm. m diameter, whitish and invisible to the unaided eye

unless placed upon a suitable dark or black background. They are

bean shaped, with one side slightly concave and one end smaller

than the other. The surface is sculptured and of a creamy white

luster, which becomes apparent when the egg is examined with a

binocular microscope.
THE LARVA.

The larvse (fig. 3) of this flea-beetle are elongate and quite small in

diameter; compared to the adult, they seem to be the young of a

larger insect. When
newly hatched they
arevery small and deh-

cate, being less than

a millimeter in length

;

the measurements
of six specimens giv-

mg 0.80 mm., 0.75

mm., 0.70 mm., 0.75

mm., 0.80 mm., and
1.10 mm., they being eight times as long as their greatest diam-
eter. The head plate measures 0.1 mm. in width. They are pale

white excepting the head, which is a very fight straw color, and are

Fig. 3.—The desert corn flea-beetle: Larva; o, anal segment, dorsal

view; 6, same, lateral view. Greatly enlarged. (Origiaal.)
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Fig. 4.—The desert corn flea-beetle:

Prepupa. Greatly enlarged.
(Original.)

partially covered with short stiff hairs. In color and texture they

are so much hke the corn roots in which they are found feeding that

one will often overlook a larva, even with the aid of a microscope.

However, when quite numerous, the full-

grown larvae are easily found on the roots

of a com plant or in the surrounding soil.

The full-grown larvse just previous to

changing to prepupse are often as much as

o mm. (three-sixteenths of an inch) long,

varying from 3.5 to 5 mm. in length; the

average length being about 4 mm. They are opaquely white in color,

well segmented, and cyhndrical in form as compared with the younger

larv£e.

THE PREPUPA.

The prepupa (fig. 4) is the full-grown larva which has shrunken

preparatory to pupation, and is thus reduced to about one-half its

former length, though it is considerably greater in

diameter. It usually lies quietly, in a curved position

resembling in shape a question mark. It is segmented

and of the same texture as the full-grown larva.

THE PUPA.

The pupa (fig. 5) very closely resembles the adult in

size and appearance. It varies from 1.5 to 2 mm. in

length and from 1 to 1.3 mm. in width. It is white

when first formed, and has aU appendages firmly com-

pressed against the body. It is quite delicate, soft

bodied, and sparsely covered with fine hairs.

Fig. 5.—The desert

com flea-beetle:

Pupa. G r e a t ly

enlarged. (Origi-

nal.)

LIFE HISTORY AND HABITS.

THE LIFE CYCLE.

The totariength of the life cycle of this beetle in the Southwest

averaged 46.3 days, with a minimum of 31 days in July and a maxi-

mum of 79 days in March, April, and May. This, of course, is subject

to variation as in the case of most insects, and depends upon prevail-

ing meteorological conditions.

The average length of the combined egg, larval, and pupal stages

(Table I) of 82 specimens averaged 37.5 days for all temperatures,

varying from a minimum of 24 days in June to a maximum of 65 days

in March. Adding to this the average time required for the female

to compl(!to bor development after issuing, before sIk^ deposits eggs,

namely 0.8 days, gives the a})ove-mentione(l Icngtli of 46.3 days for

the complete life cycle.
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Table I.

—

Combined length of egg, lannl, and pupal stages of the desert corn flea-beetle

{Chaetocnema ectypa) at Tevipie, Ariz., 1915.

Cage No.

Date
adults
placed
in cage.

Date
adults

removed.

Average
date of

oviposi-
tion.

New adults
emerged. Com-

bined
length

of

stages.

Aver-
age
mean
tem-
pera-
ture.

Date. No.

T90 Mar. 12

...do

Mar. 19

...do....

Mar. 16

...do....

...do

May 13
(May 6
^May 14
[May 20
/May 13
\May 20
...do
/Jime 10

iJtme 30
/Jime 26
\July 3
June 26
June 25
June 26
June 28
June 30
July 3

/Jime 26
June 30
/June 25
June 26
July 16
•July 17
July 20
..do
July 21
July 23
Aug. 23
Aug. 24
Aug. 25
/..do....
\Aug. 26

2
2
1

2

3
1

3

2
2
2
2
2
3
5
2
2
4

4

2
1

3
4

2
2
2
5
2
2
6
3

3

1

Days.
58
51
59
65
58
65
34
43
63
59
66
31
30
31
33
35
38
30
34
29
30
24
25
28
28
29
31
32
33
34
34
35

° F.
64
64
64

64|
64

64|
65
71

74J
73§
75
791

m
79J
791
80

80f
80

80|
80
80

84J
842

84f
84f
84|
85
86
86
86
86
86

T91

T92. ...do ...do

T. 117. Apr. 12

Apr. 26

...do

Apr. 19

Apr. 30

...do

Apr. 16

Apr. 28

...do

T 136

T137

T170 May 25

...do....

May 26

...do

May 27

...do....

May 28

...do....

Jime 24

...do

May 26

...do....

May 27

...do....

June 22

...do

T 171

T173

T175

June 21

...doT194

T358 July 21

...do

July 24

...do

July 22

...doT3S9

Total and average 82 37.50

THE EGG.

The eggs are deposited at or near the surface of the ground, either

on the stem of the host plant just below the surface of the ground,

and within the soil, or, as was found by Mr. Wilson, on the old shell

of the seed from which the plant germinated. They are usually de-

posited singly, but six or more may be placed at one location and at

the same time. It was very difficult to make observations upon the

natural place of oviposition under normal conditions because of the

minuteness of the eggs and the consequent inabihty to see them unless

the ground in which they were placed was very dark in color. In

confinement beetles deposited eggs quite readily through cheesecloth

upon any object which might be underneath, providing the surface

of the object was kept moist. This fact was made use of in securing

eggs, and cages (PI. I, figs. 1, 2) were constructed with cheesecloth

bottoms, having moist, dark-colored blotting paper beneath the

cloth. The eggs, being deposited on the dark blotting paper, were

easily counted and transferred to cages for records on the period of

incubation.
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Fig. 1.—Laboratory Cages Used in Life-History Work on the Desert Corn
Flea-Beetle. (Original.)

Fig. 2.—Field Cages Used in Life-History Work on the Desert Corn
Flea-Beetle. (Original.)

Fig. 3.—Johnson Grass Along a Nl'.llmlu [ i iil,l M'j// anij ditch Bank.

A Deplorable Condition Favoring Insect Development and Affording
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The incubation period (Table II) varied from 3 days in the month
of July and August to 1 5 days during March and April. The average

time required for 314 eggs was 5.8 days. The egg stage was secured

by placing freshly laid eggs within newly made plaster of Paris cages,

the eggs being placed dhectly upon the plaster, which had been pre-

viously darkened with waterproof India ink. This plaster not only

kept the eggs sufficiently moist, but also kept down any fungous,

growth until the eggs could have time to hatch. Just previous to

hatching the eggs darken shghtly, taking on a yellowish tinge, and
the larvae escape by bursting one side of the eggshell.

Table II.- -Length of egg stage of (he desert cornflea-beetle (Chaetocnema ectypa) at Tcmpe,
Ariz., 1913, 1914, 1915.

Cage No. Date
laid.

Num-
ber.

Date
hatched.

Num-
ber.

I-ength
of incu-
bation
period.

Aver-
age
mean
tem-
pera-
ture.

Bi
1913.

Aug. 27

Aug. 28

Aug. 29

Aug. 30
Sept. 7

Sept. 19
Sept. 29

1914.

Feb. 27

Mar. 18

Mar. 20

1915.

May 22
June 12

July 13

July 22

23

24

62

75
36
5
6

20

30

15

25
25

22

23

391

(Aug. 30
^Aug. 31
(Sept. 1

/..do....
\Sept. 2

/..do....
\Sept. 3
Sept. 4

Sept. 11

Sept. 22
Oct. 6

Mar. 12

(Mar. 28
hiar. 29
(Apr. 1

/Apr. 3
\Apr. 4

May 27
June 17

/July 16

IJuly 17

July 25

1

8
14

5
19

12

40
35
36
5
5

20
17

6

3

1

7

25
25
6

16

8

Days.
3
4

5
4

5

4

5

5

4

3

7

13

10
11

14

14

15

5
5

3

4

3

°F.
87
85
85
85
84.3
81

81

81

87
83
71

61
64
63.5
62.6
61

61

74.6
80
86
86
85

01

Di
El
HI
Li
MI

2

3

4

T 141

T 163

T2392
T360i

Totals and average 314 5.8

'R. N. Wilson's records. ' L. J. Hogg's records

THE LAKVA.

DURATION' or LARVAL PERIOD.

It was quit(5 easy to secure the approximate length of the larval

stage of many specimens, but owing to the feeding habits, a great

deal of difflfuliy was experienced in securing the exact length of this

stage. Various types of cages were first tri(>d, all of them embodying
the feature that the larvae must be beneath the surface of the ground
in order to insure their rcachiiig inaiurity. In the past two years,

however, the experiment was m<jdilied \)y placing th(^ n(>wly hatched
larvae upon srnail tender sections of com root, witliin the cavity of

57154<*—Bull. 4:',(i -17 2
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plaster of Paris cages, consisting of 2 or 3 ounce salve boxes filled

with newly mixed plaster in which a cavity was bored before the

plaster had set. The first season that these cages were used a great

many larvse were reared partially but died before reaching maturity.

Finally efforts in this direction were rewarded and six larvae were car-

ried successfully through from egg to pupa (Table III) during the

month of June at a mean temperature of 84° F., and during this

time the length of the larval stage averaged from 22 to 25 days.

Table III.

—

Length of larval stage of the desert corn flea-beetle {Chaetocnema ectypa) at

Tempe, Ariz., 1915.

Aver-
Length age

Date egg Date of of mean
hatched. pupation larval tem-

stage. pera-
ture.

Days. °F.
June 17 July 9 22 84
Do.... ...do 22 84
Do--.. ...do 22 84
Do... July 10 23 84
Do.... July 12 25 84
Do.... ...do 25 84

However, since little difficulty was experienced in securing the

respective lengths of the egg and pupal stages, and then the sum
of the lengths of the egg, larval, and pupal stages, it was possible

from these data to obtain the length of the larval stage by sub-

tracting the sum of the egg and pupal stages from the sum
of the three stages. Thus we had the approximate length of the

larval stage during practically every month in which these beetles

were developing. It may be seen by consulting Tables I and III that

this approximate length of the larval stage, under periods of the same
temperatures, compares favorably with the exact length of the stage

as noted in the case of the six larvse mentioned. By the latter method
the larval stage is found to vary from 20 days in the warm summer
months to 47 days during the cooler months of the season, an average

length for the larval stage of about 32 days for aU temperatures.

FEEDING HABITS OP THE LARVA.

Quite soon after hatching the yomig larva begins eating its way into

the tender succulent roots of the host plant. It thus constructs a

tunnel for itself as it feeds, and soon disappears from sight. Usually

the boring of the larva occurs in the cortex. On the roots of corn

(fig. 6) the tunnel will often appear to be formed between the cortex

and the stele or central cylinder. The reason for this attack on the

cortex first is doubtless because it is more tender than the rest of

the root. If the feeding be of prolonged duration the entire root may
be tunneled. Many of the roots are entirely hollowed out by these
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''feeding mines/' while in others the feeding may produce a groove

along one side of the root, the larva finally entering the root and the

tunnel being continued within the same. Often where two tmineis

pass, the root is entirely cut off, and as is the case with small fibrous

roots, they are often entirely consumed. This feeding habit fre-

quently makes it quite difficult to locate any larvse except those that

were completely matured, and hence they were usually found in the

soil at some distance from the root. The larvse consume a consid-

erable amomit of food. A single larva confuied in a plaster of Paris

cage entirely consumed a section of root one-fourth of an inch long

and one-sixteenth of an inch in diameter.

LARVAL FOOD PLANTS.

The food plants of the larvas do not differ materially from those

of the adults. The amount of damage done to these various food

plants does, however, differ con-

siderablj" as between the larva and

adult. AKalfa is rarely, if ever,

injured by the adults, while the

larvae do a considerable amount of

damage to alfaKa roots, especially in

alfalfa fields which have been seeded

to a gram crop such as barley, oats,

or wheat during the winter. It is

upon corn, however, that the larvae

do their greatest damage. This is,

of course, due to the fact that tlie

feeding of the adults is concentrat-

ed upon newly gi-owing corn each

spring, and egg deposition conse-

quently becomes much heavier, the resulting damage being accord-

ingly great.
THE PREPliPA AND PUPA.

When the larv^a bocomc^s full grown it constructs an o])l()ng earthen

cell in which to change, (1) to a transitional or prepupal stage, and

(2) after a further pericjd of a few days, to the true pupal stage.

These pupal cells average about three-thirty-soconds of an inch in

length, the inner walls being quite smooth. In constructing its cells

the larva, owing to the fact that it is longer than its cell, must be
doubhid back upon its(Qf, thus working in very close quarters. As
soon us th(! cell is complettid tin; larva cliauges to a prepupa. In this

stage the body length shrinks while the diameter greatly increases,

and th(^ larva changes to a plump, i-otund object shaped like a ques-

tion murk. This stages, us shown })y Tuble: IV, varies in length

from 2 to 8 days, th(5 average })eiiig y,A days for 10 specimens. This

Fig. 6.—Section of corn root showing injury

by larvse of the desert corn flea-beetle.

About one-half natural size. (Original.)
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was ascertained by taking larvae that had already constructed their

pupal cells, placing them in a vial, and allowing them to go through
these various changes in plain sight.

Table IV. -Duration of j)i'epupal and pupal stages of the desert corn flea-beetle (Chaetoc-
nema ectypa) at Tempe, Ariz., 1915.

Pupa No.
Date

prepupa
formed

Date
of pupa-
tion.

Length
of pre-
pupal
stage.

Date
adult
issued.

Length
of

pupal
stage.

Aver-
age
mean
tem-
pera-
ture.

1

2
3

4

5

6
7

s

Apr. 30
...do
May 8

May 10
...do
...do
Apr. 27
...do

May 6

...do
May 10
May 12
...do
...do:....
Apr. 29
May 5

May 7

do

Days.
6

6

2
2
2
2

I

May 13

...do
May 14

May 17

...do

...do
May 11

May 13

do

Days.
7

7

4
5
•5

5
12

8
6

6
6
6

6
4
S
6
6
3

3

51

° F.
70
70
76
75
75
75
68
70
70
70
73
73
73
76
75

75
75
86
86

9. ..

10 do
11 May 8

...do
do

May 14

...do
.do

12
13...
14 May 10

May 10(5)
May 11

.do

.do
15 Mayl6(5)

May 17
.do

16
17

18
19

Avera

July 15
...do
ge of 23 pu

July 17

...do
pa

2
2

31

July 20
...do

The duration of the pupal stage, which was determined in the same
way, was found to vary from 3 to 12 days, with an average of 5§ days

(Table IV). In a dry soil the larvae pupate at as great a depth as 4

inches below the surface, while in an extremely moist soil the pupal

cell is often formed within one-fourth to one-half inch of the top of

the ground, and in one rare instance it was found at the surface of the

ground just beneath some decaying vegetable matter. It can thus

be readily understood that a pupa near the surface of the gTound

would receive more heat from the sun's rays, and consequently would

develop more rapidly than one at a greater depth. This fact doubt-

less explains some of the variations in the combined lengths of the

egg, larval, and pupal stages in some cages, the records of which ap-

pear in Table I. For instance, in cage T-136 the combined lengths

of stages are shown to vary from 43 to 63 days, and in cage T-117, with

a mean temperature 5 degrees lower, adults were secured in 34 days It

is obvious that this presents a vulnerable point for attack in the life

of this pest, for if corn is weU irrigated the pupae will be formed near

the surface of the ground, and then if each irrigation is followed by a

careful, close but shallow cultivation, a goodly percentage of the

pupae are exposed to the sun and the drying effects of the air, and

hence killed.
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THE ADULT.

The change from pupa to adult takes place rather quickly, but

often a day or two passes before the adult entirely assumes the char-

acteristic shining black. When the adults first emerge from the

pupal state they are almost white, but after a short time gradually

become darker, begitinmg with the legs, then the elytra, and finally

the whole body is enveloped.

The adults are very soon able to jump nimbly and it is this habit

which has given this group their name of '^flea-beetles." They are

quite easily alarmed, leap quickly from a plant, and, fallmg to the

ground, often feign death in order to escape their enemies.

To the ordinary observer the males and females are very much
ahke, the difference bemg largely one of size, the male averaging

slightly smaller than the female. A gravid female can be distin-

guished by the size of her abdomen, but large males are often larger

than small females, so that the distinction is not very reliable.

ADULT DEVELOPMENT.

After the adults emerge several days must elapse before their

sexual development is completed. Numerous records on this point

were made by the writer as well as by J. H. Newton, assistant in the

bureau at Tempe, and it was found that copulation usually takes

place from 4 to 6 days after emergence and oviposition from 4 to 5

days thereafter. Table V show^ the length of the period elapsing

from issuance to oviposition as observed in five females. This varied

from 7 to 14 days, the average being 9.8 days.

Table V -Length of life of Uic desert corn flea-beetle (ChaetocneTna ectypa) at Tempe,
Ariz., 1915.

TJate adult issued.

,
Age at

Date OA-i- liegin-

position niiig of

began,
j

ovipo-
sition.

Adult
died.

Length
of life.

On or Ijefore Apr. 2.5.

On or before Apr. 20.

MayVrrj)
May 17

I>o
July li;

\)o
On or before Apr. 28.

Apr. 29
Apr. 28
May 22
May 2«
May 29
.Tuly 23
,Tuly 25
May 7

Days.

A verage.

June 1

May 31

May 27
June 15

..do....
July 31

..do....
July 20

Days.
38+
41+
20
29
29
15
15
83

33.

«

.NU.MHKIt OK ECiCH DKI'fjHITKI) HY ONE KEMALE.

TIk! females usually lay their eggs in stages, tiuire l)eing from one

to two, hikI soiiu'tiriics tlinu", difTcxcnt egg-laying singes, often extonrl-

ing over half u month. As shown in Tiihlc^ VI, a IViuale may deposit
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all her eggs in a single day, or in two or more successive days, or she

may deposit only a part of them and then rest from fom- to five days,

after which another large number may be deposited; then, after

another period of three or more days, a third deposition of eggs may
occur.

Table VI.

—

Egg-laying record of 13 females of the desert corn flea-beetle (Chaetocnema
ectypa) at Tempe, Ariz., 1915, by L. J. Hogg.

Female No. 8 IS
11

1

22
16
3
5
1

5

8

1

23
6

13

1 6

1

13

1

1

10

31

16
1

1

11

Female ISJ o. 12

3

2

1

12

4

12
6

4

8

1

4

12
28
7

14

13

36
21

10

11

7 13 1

15
1

5

4

22
OS

5 1

3

10
3

12
6

6

30
19
15

14 4

33 15

Note.—This table shows the record of a female from the day she started oviposi-

tion until the day she finally completed the same and does not show her length of life,

either before or after o^iposition.

The females are quite prolific, often laying from a dozen to over

100 eggs each. During June of 1915 the writer recorded four females

which laid, respectively, 19, 57, 20, and 29 eggs, while three females,

aU confined in the same cage, laid a total of 145 eggs, averaging 48

eggs each in a period of 12 days. Mr. L. J. Hogg durmg August of

the same year made oviposition records upon 16 females which he

had under observation, the number of eggs for each female being as

follows: 23, 40, 85, 101, 69, 20, 45, 11, 55, 17, 126, 36, 39, 25, 23, 14.

LENGTH OF LIFE.

In cages the adults usually died within a week or 10 days after

oviposition was completed, but in some cases the length of life of the

adult beetles was often prolonged. As shown in Table V, it varied

from 15 to 83 days, the average for these eight specimens being

33.6 days.

It is suspected that in the field, under natural conditions, where

they are better able to protect themselves from the sun and from the

moisture which was nearly always more or less present in small vial

cages, the length of fife might be even longer than that recorded in

this table.
METHODS OF FEEDING.

The adult beetles usually feed during the cooler parts of the day

in the warm summer months and during the warmer parts of the

day in the cooler sprmg and faU months. During the summer they

protect themselves by getting down within the infohations of the

plants, where they may secure tender succulent food and at the same
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time be protected from the heat. In feeding a beetle will stand

crosswise on a corn leaf and with its strong mandibles eat out a

portion of the epidermis between two parallel veins, continuing in a

straight Ime, often 1 or 2 inches m length. They rarely eat a hole

entirely thi-ough a leaf. In cases where extremely heavy feeding

occurs and where the infestation is great, the green portion is entirely

psaten out, and the leaf has a burned or scarred appearance.

SEASONAL HISTORY.

NUMBER OF GENERATIONS ANNUALLY.

The desert corn flea-beetle usually appears about the middle of

February each spring. The time at which the beetles may first be

fomid actively feeding in the field wiU, of course, depend upon the

season. In the year 1912 Mr. R. N. Wilson first took these beetles

on February 14, sweeping a few specimens from a barley field. In

1913 the same observer took a few feeding beetles on January 13.

The month of January of that year, however, was quite warm and
advanced over the ordinary year. In the year 1914 Mr. D. J. Caffrey

took adults for the first time on February 20. These were feeding in a

green wheat field. In the sprmg of 1915 Mr. F. H. Gates first swept

adults in an alfalfa field on February 9. They did not, however,

become abundant until February 23, when both the author and

Mr. Gates secured an abundance of this species.

It is only a few weeks after emergence that these hibernating

adults begin depositing eggs. The earliest date that eggs have been

secured in cages was March 12, 1915, at which time the writer secured

.eggs in considerable numbers. There are from three to four genera-

tions each year in the Salt River VaUe3^ The first generation, starting

with eggs deposited in early March, appears about the first of June.

Another generation quickly follows, adults co: ling forth about the

middle of July, a third generation is completed by the first to the

middle of September, and in occasional years there is a partial fourth

generation.

The fact, however, that the length of eacii individual life cycle is

determined quite largely by the proximity of both larva) and pup£e

to the surface of the ground is responsible for the generjil inter-

mingling of the various generations, so that eggs may be secured

tliroughoiit the breeding season. Eggs have been secured in cages

tlirouglioiittli<;year,b(!ginningwit)i tlu^ fii-st of Marcliand contiinjingto

t}i(;nii'i(lJcof October. Mr. Wilson liass(!cure<l eggs in cages dmhig the

months of May, June, -inly, August, September, and October, while

the writer has s(!cur('(l eggs (hirir)g Mandi, A[)ril, May, and June, and

t hcsc v('a:<)V(\s were foJIowcd up ])y those of Messrs. Hogg and Newton,

who ohtairu'd eggs (hiring July, August, and September of tlio same
year. Of course, eggs deposited I he hist of ()ctolK>i- would, or(U-



16 BULLETIJSr 436, V. S. DEPAETMENT OF AGRICULTURE.

narily, not reach maturity, while those deposited in the middle of

September in some seasons develop a partial fourth generation. From
October 13, 1914, to March 9, 1915, the writer maintained in a labora-

tory cage a large number of Chaetocnema adults which had been

collected from the field, but did not secure a single egg during this

time.
HIBERNATION.

From the foregoing remarks on the generations it is at once seen

that these adults usually are found hibernating during the latter

part of November, in December, and in January. They enter hiberna-

tion gradually during November, and one is rarely able to find adults

throughout December and January, although on an occasional warm
day specimens might be secured during any winter month. On Nov.

7, 1912, at Tempe, Ariz., Mr. R. N. Wilson made the following note:

Only a few Chaetocnema could be found on corn on the Godfrey field to-day.

Then on November 23, 1912, he made the following observation:

The corn on the Godfrey field has been cut since the field was last visited. No
specimens were found.

On December 14, 1914, also at Tempe, the writer observed adults

in hibernation and made the following record:

A few Chaetocnema adults were found to-day in protected places, as back of sheath

leaves, in an old cornfield, and at the base of wild barley plants that thickly covered

the ground. The species is apparently very quiet at this time and can be said to be

hibernating. The past week has been rather cold and several mornings the tem-

perature fell to considerably below freezing. One or two specimens were noted, how-

ever, that appeared quite active.

The hibernating adults miay be found beneath anything that will

give them protection, such as rubbish and grass clumps in waste

places. A favorite place for adults to winter is along ditch banks

thickly grown up with Bermuda and Johnson grass. These places

seem to be ideal because, late in the winter or early in the spring,

they become overgrown with wild barley, and this plant gives the

beetles succulent food the first warm days in the spring. Waste
salt places which are not too wet and are grown up with salt grass

also afford ideal conditions for hibernation quarters, and the beetles

have been observed on this grass quite early in the spring. Early in

1912 Mr. R. N. Wilson made the following note:

At the northeast corner of this farm there is a large patch of salt grass (Distichlis

spicata), which forms a thick mat on the ground. Sweepings made on this grass

to-day revealed many Chaetocnema. This is likely one of their food plants, and
probably furnishes an ideal place for hibernation.

NATURAL ENEMIES.

Judging from our present knowledge of this species, it seems to be
fairly free from the attacks of enemies of any kind. While it is quite
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possible that it is occasionally picked" up by birds, yet no definite

observations have ever been made upon this, and the Bureau of

Biological Sui'vey has no records bearing upon this species, though

related species have been found to be taken as food by certain birds.

PREDACIOUS ENEMIES.

The larvae of this beetle are without doubt fed upon by several

subterranean larvae of ground beetles which have been found to

inhabit the soil in the vicinity of corn plants. The adults are preyed

upon by the nymphs and adults of Reduviolus ferus L. Mr. Wilson

first took specimens of these nymphs, which be found feeding upon
Chaetocnema adults, at Tempe, Ariz., and reared them to maturity, and

then found that both adults and nymphs were feeding upon the flea-

beetles. It is quite likely that other reduviids also attack this species.

At Holtville, Cal., the writer found a great many beetles with their

bodies almost covered by a species of mite. Upon being sent to

Washington these mites

were determined by Mr.

Nathan Banks as Pedicu-

loides sp. They have since

beenfound quite frequently

upon adult flea-beetles.

PARASITIC ENEMIES.

During his observations

in 1915,^ the writer discov-

ered that a small parasitic

wasp, Neurepyris sp.^ (fig.

7), was prejdng upon the
1 i- J.1, • FiG- 7.

—

Neurepyris sp., a parasite of the desert corn flear

arvae and prepupae of this
^^^^j^ Greatly enlarged. (Original.)

flea-beetle. Six specimens

taken in the soil, already within the pupal cases, were each found to

have very small, insignificant external larvae feeding upon them, the

larvae being attached to the ventral side just back of the hind pair of

legs. These were carefully placed in small vials, and subsequently

several of the parasites died, while one specimen pupated and finally

changed to an adult, the hymenopterous larva? in the meantime

having completely consumed the beetle larvae.

Th(^ a(]ult of this parasite is very small, black, with yellow legs,

and its papal case, which is about the aizo of a Chaetocnema pupa,

is constructed in the soil of a brown, densely woven material. The

lurvfi] stage of this parasite was found to be about 8 days and the

pupal stage 24 days. This was (hii-ing tlu; montli of May, with the

mean temperature about 76° F,

' At Tnmpc, Ariz. ' I)<"icniiiii''il liy Mr. S. A. Kohwor.
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REMEDIAL AND PREVENTIVE MEASURES.

The control of this msect over a wide area can be accomplished

only by cultural methods, the eradication of its hibernation quar-

ters, and the destruction of some of its favorite native and adopted

grass and weed food plants. In smaller areas, consisting of only

a few acres, a certain degree of success can be expected from the

use of arsenate of lead as a spray. Several experiments were tried,

using different kinds of repellents, but without any great amount of

success.

The greatest damage is done to the plant just as it is coming through

the ground, because at this time it is more tender and attractive to

the beetles and also is less resistant to insect attack. If, there-

fore, the growth of the plant is stimulated by good cultivation, fer-

tihzers, or any other stimulative measures, as has been recommended
by Mr. Wilson in his notes upon this species, then the plant wiU
have an excellent chance in spite of the flea-beetles. If the numbers
of the beetles are also lessened by the cleaning up of hibernation

quarters and the eradication of breeding places, the plants will have

a still greater chance of reaching maturity, and finally, if the plants

are sprayed by arsenate of lead, as will be shown later, the damage
wiU be almost neghgible.

REPELLENTS.

While located on a ranch south of Holtville, Cal., in April, 1910,

the writer undertook to determine the value of several volatile oils

and also of naphthalene balls, as repellents for this beetle. The
oils used were those of eucalyptus, citronella, and pennyroyal. A
small piece of cotton was placed m the ground, even with the surface

of each hiU of corn treated, and was moistened with the oil each

morning for five days, while the naphthalene balls were utilized by
placing a single ball beside a hiU of corn. Two rows were treated

with each of the four remedies used and every third row was left

untreated as a check row, the idea being that if the corn could be

protected for a few days it would reach a stage of growth in which

it would be able to withstand an attack from the flea-beetles. The
results of this experiment may be summarized as follows: The
naphthalene balls and the oil of eucalyptus were found to act in no

way as repellents of this beetle. The rows treated with the oil of

citronella were damaged the least by the flea-beetles, while the rows

treated with the oil of pennyroyal were damaged only slightly.

However, since the cost of these oils and the time taken in applica-

tion were found to be prohibitive from an economical standpoint, and

since the results were not conclusive, the use of these repellents

can not be recommended.
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POISONS.

Speaking in regard to the control of this flea-beetle on Sudan
grass, Dr. A. W. Morrill ^ states:

Experiments with applications of Bordeaux mixture and arsenate of lead to the

infested grass failed to give satisfactory results.

Later than this, after additional experiments, he remarks :

^

Spraying the plants with arsenate of lead, using one ounce of arsenate of lead

powder to one gallon of water, is the only remedial measure which can be recommended

at the present time.

Prof. Freeman,^ m his bulletm previously mentioned, speaking of

the injury from this Httle flea-beetle, says:

The plants were all sprayed twice with lead arsenate, but very little benefit could

be ascribed to this treatment.

In correspondence with Prof. Freeman, the writer was informed

that he used arsenate of lead without soap m the solution, and he

says that the spray collected in drops upon the com fohage, and
attributes the failure of the arsenate of lead to this fact.

The writer first used 1 pound of powdered arsenate of lead to 50

gallons of water, but without any success whatever, the beetles

being fuUy as numerous on rows treated as on those not treated. It

was easily seen that this was due to the fact that the solution of

arsenate of lead did not stick to the corn leaves. Later an experi-

ment was tried, using powdered arsenate of lead, 2 pounds to 50

gallons of water, mixed in a strong soap solution which caused the

diluted poison to stick well to the surface of the leaf. This seemed
to act both as a repellent and as a poison to the beetles, and the

treated rows were in no way injured by the attack of these flea-

beetles. While additional experiments must be carried on with
regard to the use of this poison, from the writer's past observations

it can be used in this manner upon small areas of corn, applied by
means of a small spray pump, with very satisfactory and practical

results.
CULTURAL METHODS.

As has been pointed out in the discussion of the pupal stage of

this flea-beetle, if the soil be kept fairly moist the pup£e wUl form
near the surfac<^ of tlu'. ground and within 2 or 3 inches of the corn

plant. Now, if precantions an*, taken to follow each irrigation by a

very shallow cultivation close to the plant and shallow enough to

insure no tearing of the root surface, a groat many pupa3 will be

' Morrill, A. W. Rcpfjrt of thfj enlomoloKist of the Arizona Commission of Agriculture am] Jlortioiii-

turc. Ariz. <'om. A>;r. Tiort., Olli Ann. Kpl.., p. 'S.i, 1!)14.

2 .Morrill, A. W. The Com Vina, liwlle. In Ariz. Agr. Exp. Sta. Bui. 75, p. 408. May, luifi.

» Freeman, G. F. Papago sweet com, a now variety. Ariz. Exp. Sta. Uul. 75, p. 402. May, 1916.
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destroyed and damage to future crops will be greatly lessened.

Such cultivation will not only assist in reducing the number of beetles

maturing, but it will also aerate the gromid and place it in a thrifty

condition, producing strong healthy plants that will be able better

to withstand insect attacks.

This point should not be passed without mention of the fact that

stable and barnyard or corral manure, which, in the Salt River VaUey,

is ordinarily dumped in waste places, on ditch banks, or absolutely

destroyed, as it were, should be utilized in building up the soil and

making it still more productive than it is at the present time. Manure
is ordinarily not used in the warm southwestern country because it

is claimed that it causes burning of the plants and contributes to the

dispersion of weed seeds. If manure is thoroughly rotted and

properly applied it will not burn the plants, and if rotation of crops

is practiced, there will be a minimum of complaint in regard to the

dissemination of weed seeds.

Mr. E. W. Hudson, who has been in charge of the Bureau of Plant

Industry Experimental Farm at Sacaton, Ariz., and who is well

acquainted with farming conditions in the Southwest, beheves that

all manure should be utilized, and if it is to be plowed under it should

be applied in the fall, turned under, and given a chance to decay

during the cool part of the year. If used at other times of the year,

he beheves that it should be applied by the aid of a manure spreader

as a light top-dressing. The writer is thoroughly in accord with

this latter method, for in addition to putting the nourishment just

where it is needed by spreading the manure over the ground where

it soon dries, the breeding of fhes is also avoided. If aU manure
and refuse were handled m this manner, there would be a consider-

able reduction in the fly population of these regions.

If land weU treated with stable manure is afterwards planted to

corn, the plants will be enabled to make a good start and continue in

a thrifty condition in spite of flea-beetle attack.

ERADICATION OF JOHNSON GRASS AND OTHER TROUBLESOME GRASSES.

Since it has been shown that this flea-beetle lives quite largely

upon Johnson grass (SorgTium lialepense) and salt grass (DisticMis

spicata), it is obvious that the fewer of these grasses found grow-
ing in alfalfa fields or cultivated fields of any kind and also along

roadsides and ditch banks, the fewer the number of beetles to attack

the cultivated crops. While Johnson grass may be a difficult and
troublesome grass to control, yet there is no excuse for allowing it

to become an almost inaccessible thicket, 15 to 20 feet wide, along

roadsides, fence rows, and ditch banks, as is sometimes found to be
the case in Arizona. Each farmer should consider it a part of his

duty to the community in which he lives to mow such places two
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or three times a year, or to pasture them with sheep, thus keepmg
down all weed and grass growth.

ELIMINATION OF HIBERNATION QUARTERS.

Cleaning up weeds and grasses will eliminate a great many of the

hibernation quarters of this beetle, and if such methods can be car-

ried further, to include all waste places and any place where trash

may accumulate, then the hibernating beetles will not be able to

protect themselves from the colder days and frosty nights of the

winter months and thek numbers will be reduced.

SUMMARY.

The desert corn flea-beetle is present in injurious numbers in the

cultivated areas of the southwestern United States, where it takes

an annual toll upon such crops as corn, milo maize, sugar cane,

Sudan grass, wheat, barley, and alfalfa. Both the adults and the

larvae are concerned in injuring crops, the adults feeding upon the

top of the plant and the larvae upon the roots.

The eggs are deposited at or near the surface of the ground and

hatch in about six days. The young larvae are foundwithin the tender

roots of the food plants, while the older larvae a,re found in the soil

near these roots. The average length of the larval stage is found to

be 32 days.

The prepupal and pupal stages are both passed within a cell in

the soil near to the roots on which the larvae fed.

The flea-beetles hibernate in the adult stage under rubbish or at

the base of various grasses growing in the regions of mfestation.

The total length of the life cycle of this flea-beetle is about seven

weeks, there being from three to four generations each year.

The numbers of adult flea-beetles can be reduced greatly by
cleaning up hibernation quarters and eradioatmg some of their weed
food plants, such as Johnson grass, salt grass, and Bermuda grass.

They can be further reduced by carefully cultivatmg such crops as

can be cultivated just as soon as the soil becomes dry, following each

inigation. This method destroys a great many pupae. Small

pieces of corn can be sprayed successfully with arsenate of lead, using

2 pounds to 50 gaUons of water, the water being made into a strong

soap solution. This acts both as a repellent and as a poison to the

bcetl<;s.

Injui-y to oorti and other crops ciui Ix', ovi'.i'coim^ partially if tlie

soil is placed in the best possible cultural condition by the addition

of barnyard manure or other f<^rtilizei-.

The nymphs and adults of a predacious hemipteron (Reduviolus

ferus L.) were observed to feed upon these beetles, and a small

parasitic wusj), Neure'pyris sp. (fig. 7.), was found to pr<'y upon the

larvie and ])repupai.
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IMPORTANCE OF FLAT-HEADED BORERS.

Flat-headed borers (buprestid larvae) are among the most important

of the borers infesting forest trees in the United States. Some mine
the leaves, one burrows into the cones, a number bore into the inner

bark and outer wood of the triuik, branches, and roots, while the

majority excavate oval winding "wormholes" throughout the sound

or decaying sapwood and heartwood.

At present the leaf-miners and the cone-burrower are not common
enough to be important. The bark-borers often girdle and kill healthy

trees or those injured by fire, floods, droughts, diseases, other insects,

or careless lumbering, and at other times weaken trees so that they

become easy victims of diseases, other insects, or unfavorable environ-

ment. vSometinies when they do not kill the tree outright their work
causes dead limbs or twigs, or serious defects, checks, or gum spots

to form in the wood, or swollen gaUs to form on the branches. The
wood-borers mine the sapwood and heartwood of the trunk, top, and
larger branches and thus destroy or seriously injure a large amount
of the tree's most valuable product, its timber. Wormholes will cause

tlic finest grade clear lund^or to become unfit for the higher grade

uses and therefore unsalable at the higher prices.

57160'—Bull. 4.",7 17
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FOOD PLANTS.

Both deciduous and coniferous trees, as well as shrubs and herba-

ceous plants, are attacked. Some genera attack only deciduous
trees, some only conifers, while others attack both. Plants of any
age may be attacked and any part of the plant from the roots to the

leaves, but the principal part is the bark and wood of the main
trunk.

CHARACTER OF THE WORK.

The borer work or injury consists of a flattened, oval, gradually

enlarging, more or less tortuous mine or wormhole (PI. VIII,

figs. 1, 2), which, when completed, widens out into an elongate

oval pupal cell. This cell connects with the outer surface by a short,

oval exit hole. The mine has its surface marked by fine, transverse,

crescentic lines and is usually tightly packed with arc-Hke layers of

sawdust-hke borings and peUets of woody excrement. The injury

may be entirely in the bark, entirely in the wood, or, as is usually

the case, in both bark and wood.

LIFE HISTORY.

All bark and wood boring flat-headed borers hatch from eggs de-

posited by the mother beetle singly or in a mass (PI. IX) , on the bark

or tucked in some crevice in the bark or wood or under the bark at

the edge of a wound. Each larva mines the inner bark or wood
Tintil it reaches maturity, when, after mining outward nearly to the

surface, it retreats into its mine and forms an oval cell, in which it

pupates and transforms to an adult beetle. The beetle rests awhile,

then bites its way out," feeds on the bark, foliage, or pollen of some
plant, usually its host, and then mates. The female, after depositing

eggs to start a new generation, soon dies.

SEASONAL HISTORY.!

The egg is usually laid in the spring or summer and the borer

hatching from it feeds and rests until the following fall, or the second

fall, or even the third fall, before it reaches maturity. It then

either rests over the winter in the larval stage and pupates and trans-

forms to the adult the following spring, or it pupates and transforms

to the adult in the summer or fall and rests over the winter in the

adult stage in the pupal cell. Most of the bark-borers pass the

winter in the larval stage and emerge soon after pupating and trans-

forming to adults in the spring. Many of the wood-borers pupate

and transform to adults in the summer or fall and pass the winter

1 Some evidence has been obtained which, indicates that certaia species may pass the winter in the egg

stage. Mr. A. B. Champlaui collected a mass of eggs at Colorado Springs on February 12, 1914, which

produced young Chalcoplwra larvse. Certain A grilus larvae feed in the spring a short time before pupatings

and transforming. Individuals of some species pass the winter in the pupal stage. No obs ervation

have been made which would indicate that the adults live over the winter after they have emerged.
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in the adult stage before emerging. Feeding begins soon after emer-

gence, and mating, egg-laying, and death soon follow, the whole

being completed before the end of summer.

SPECIAL HABITS. %

So far as known to the writer only two of our genera {Agrilus and

'

Eupristocerus) cause the formation of galls (PL VIII, figs. 3, 6) on

the host plant, and in these cases it seems to be more the special

nature of the plant to produce the galls than it is the special work
of the insect that causes them to be produced. Thus, the same
species of insect will produce galls on some plants and not on others,

or on one part of a plant and not on other parts of the same plant.

A common western form, Agrilus, that infests the alder often pro-

duces galls in eastern Oregon, while it seldom does so in eastern Cali-

fornia. The common Agrilus Mlineatus Web. of the Eastern States

hardly ever produces galls, but it will do so sometimes Vv^hen it works

on the smaller branches of the oak.

Besides the enlarged roughened galls, some species cause "splotch"

mines to form in the bark of young shoots or branches.

CTirysophana placida Lee. usually works in the heartwood of dead

branches, tops, fire scars, etc., but recently Mr. P. D. Sergent found

it mining the cones of the knobcone pine (Pinus attenuata) in southern

Oregon (PI. VIII, fig. 5).

In pupating, it seems to be the most natural habit for the bark-

borers to pupate in the bark, and most of them will do so if the bark

is thick, but where it is thin they will go into the outer wood. The
natural habit of the wood-borers is to pupate in the wood, but some
will pupate in the bark.

Although the usual food of the adults is the foliage of the host plant

(PI. VIII, fig. 4), some are pollen feeders, and, as has been determined

recently by Mr. F. C. Craighead, some will feed on the spores of fungi.

In this instance the adult Agrilus hilineatus is of some benefit in de-

stroying the spores of the destructive chestnut blight fungus. Mr.

L. E. Ricksecker mentions (Entomologica Americana, 1885) having

seen adult Melanopldla consputa Lee. devouring scorched white ants

(termites) on an old spruce log.

SPECIAL STRUCTURAL CHARACTERS.

The larvai of the genus Agrilus (PI. VI, fig. 2) and of the genus

Eupristocerus (Pi. VI, fig. 1) bear on the thirteenth or last segment a

pair of strong, heavily chitinized, toothed forks or forceps. These

arc absolutely distinct from any structure possessed by any other

member of the family. Polycesta larvic have a pair of sunken brown-

ish spots on the head, one on each side of the jaws, a pair on the

postoro-dorsal surface of the third segment, and a pair on the antoro-

vcntral surface of the fourth segment. The function of these spots
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is unknown, but possibly it may be auricular. TJirincopyge larvae

have a pair of brownish spots on the median subdorsal areas of the

second and third segments which appear to be secondary spiracles.

AGREEMENT OF ADULT AND LARVAL CLASSIFICATIONS.

The buprestid larval classification agrees very well in the grosser

features with that of the adults, except in the case of the genus

Anthaxia. In adult classification this genus is placed between Melan-
opJiila and Chrysohothris, but its larval characters and life history indi-

cate a much closer relation to Dicerca and its alhes.

The larval characters strongly indicate that the genus Bwprestis

should be split into three genera and the genus MelanopMla into two
genera.

DISTINGUISHING CHARACTERS.

The principal distinguishing character of the buprestid larva is the

occurrence of a well developed ambulatory plate (Pis. I-VI) on both

the dorsal and ventral surfaces of the first segment behind the head.

Both plates closely resemble one another. Similar plates occur on
some of the eucnemid larvae (PI. VII, figs. 1,3), but the markings

are different. The buprestids have a central line, groove, or \^ on the

dorsal plate, while the eucnemids have two lateral lines. Cerambycid

larvae (PL VII, fig. 2) never have the ventral plate as well developed

or similar to the dorsal. Cucujid larvae (PI. VII, fig. 4) are very flat,

but they can be distinguished from the buprestids at once because of

their well developed legs.

Structurally there are two general types of buprestid larvae: One
(bark and wood borers) *' flat-headed," with a long slender subcy-

lindrical tail; the other (leaf-miners) flattened, rather oval, deeply

notched, and gradually tapering to the last segment. In the first

type, the first segment, taken with the second and third and some-

times the fourth, forms a broader, head-like division from the re-

mainder, which, taken together, forms the long subcylindrical tail.

In this type the first segment is much larger and broader than the

others, whfle the thirteenth is usually much smaller. In the second

type there is no distinct club head; the first and second segments

are only a little narrower or a little broader than the third and fourth

and the whole graduaUy tapers down to the thirteenth.

Both types are distinguished by the following characters: Com-
paratively small head more or less retracted into the first segment of a

body composed of 13 fairly well defined, flattened segments; antennae

medium-sized and three-jointed; ocelli wanting; labrum rather large,

arched and protruded; mandibles short, strong, usually toothed and
rather spoon-shaped; maxillae well developed; maxillary palpi two-

jointed; labium weU developed, arched, protruded; labial palpi

minute and unsegmented, almost obsolete; first segment with a

large, well-developed plate on both the ventral and the dorsal sur-
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Flat-Headed Borers.

li. 'l.—aiiiU-fnilutra aiifiuWoUiii: Larva. A, Dormil vU^w; H, dcxtnil view; f!, ventral view. XI ^

rm, 2.— Cli(af-<ritliorHUi miiipriiMjt: Larva. A. dorKiil view; H, (k-xtral view; <;, veiilinl vit^w.
><]1, Vtii. '.',.— I'liDiiulin uijiirtniH: I.iirvii. A llorsul vii.w U Ji.viml irl..i.,. c >/..i.i...,i ,.:.....

Via. ..

Fm. , ,.,.,

XIJ. V\ii.:;.— l'.iii,i(KliHai)iirii.i,H: I.urva. A, DorMil view: ' li.'dc'xlnil virw;' C,' venlnil vii-w!
yZ. ifUi. t.— /tni)r>KliH niiiiili-iita: Liirva. A, DnrMiii view; 15, dcxdul view; (; viMitnil view.
X'H- (I'rawlriKHi.y Klcarinr '1'. ArriLstrotiK.) (Orixinal.)
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Flat-Headed Borers.

FIG. l.-Buprestis laeviventris: Larva. A. Dorsal view; B, dextral view; C, ventml view. X2

F G. 2.-Melanophiladrummondi: Larva. A, Dorsalview; B dextral view C, ven^^^^^^^ X^.

Pig Z.-MelanopMla intrusa: Larva. A, Dorsal view;. B, ^e^tral yew C ventral view ao.

B-rn A ^f'hrv.ahofhri.^ trinevvia: Larva. A, Dorsal view; B, dextral view, C, ventral view.
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Flat-Headed Borers.

Kio. ].

—

ChrymthnlUTlfl: Ijirvn. A, I)r)rHiil view; H, vciilrnl view. /;'.;. V\<
iinxlir: I>arvu. A. liorwtl vii-u : H, ilcxlntl view: (', vcniral vi(;w. />. V\c,
Ijirva. A, lirjrstil vi<-w; H, dcxtnil vli'w; C, ventral view. X31. Fk;. 1.

I4irva. A. liorMHl view; H, HinJMtral view; V,, veiilmi view.
AirimtrntiK

I
ff)rl((liiul.)

2.

—

Aiillidxid neni'o-

I.— (!iiii/r(i!/r(iri/iiiix:

I'oi'ciliiiiiild l/niri iini:

X'ii. (I)rawiiiKN l>.v KIcHiiiir 'I',
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Flat-Headed Borers.

FIG. i:-Dicerca prolongata: Larva. A, Dorsal view; B dextral view; C. ventral vjew. X2i.

FIG. 2.-Trachykde Ucontei: Larva. A, Dorsal view; B dextral view; ^7, vemffii If^^l- ^l
Fig. •i.^m-mlopyqe ambiens: Larva. A, Dorsal view; B, dextral view; C ventral view. X2.

Fig. 4.-Poh/eemvela.^co: Larva. A, Dorsal view; B, cephalic view; C, ventral view. XI..

(Drawings by Eleanor T. Armstrong.) (Original.)
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Flat-Headed Borers.

Fio. 1
— C'hn/Kojiliiiii'i phiri/lii: Lurvn. y\.I)(irMal vii-w; 15, ilcxiral view; (!, vciitnil vii'W. X41.""

"
'

lUiHii: Litrvu, A, IXirHtil vi(;w; 15, (Icxlriil view; (!, vi'iilral view. X-f.
'
' " <lextriil vh'w; (J,

'" '

' '

r lit, i,. /i' in "••/••• I 'I. f/i </i n^i, Mjii,! V n, /I, I f^ n ntii vn;v*, I*, ili:^blf|.l VK--W, »', VI'lltltLl VI*' \V. ^^
Flo. :{.

—

I'liiniiiiii ;/ililiiiollii': Larvii. A, Ooraaj view; U, <lextral vh'w; (J, vciitral viovv. X5
Via. 4.— Ti/n'lariK iiliu-i/w: hurvu. A, iJorsttl view; JJ, dextral view; C, viMitral view. XH'.
(DrawliiKH by KleaiiorT. ArrnBtroiig.) (Original.)
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Plate VI.

I ^

Flat-Headed Borers.

Pig. l.-Eupristocerus cogitans: Larva. A, Dorsal view; Bdextral yiew;C, ventral view. X3i.

FIG. 2.-Agnius biUrwatus: Larva. A, Dorsal view: B, dextral view; C, ventral view ><4

FIG. S.-Brachys aerosa: Larva. A, Dorsal view; B, ventral view. X5
^'^•,1-^^^'^,KL ?

sftoamtV Larfa. A, Dorsal view; B, ventral view. XlO. (Drawings by Eleanor T. Armstrong.)

(Original.)
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EUCNEMID, CERAMBYCID, AND CUCUJID LaRV/€.

¥\(i. \.—MH<ijiU nijliininin: l.iirvii. A, Ixirvnl vii-w; 11, <li-xlral view; C, voiitral view. X3. This
lBa<;row( t»onT (tMicneriii'l

i ofn-ti iiil.Mtukcii for ii. Ilal-li(;iiilefl horiT (hiipreHlid). Fic. 2.— /i7/a-

(Hum. tiju'fUitm: Imtvu. A, Ixirwil vii-w; 15, ili-xiriil view, (;, vriilnil view. Xli. 'I'lil.s Ih a rouiid-
nea(le<l Jx»rer fcenittibycldj often inlstakeii for a (lal-h(!a<lc(| borer (biipreMtid). Flo. 3.— />/»-

rruwibiH iiW'.jim: Larva. A, l>orMal view; 15, ilextral view; (), ventral view. '/.''> TliiH Ih a (tohh
tjorer 'eueriemi'l ) often mi.'italien fora flat ljeu<l<-(l horer ( IdijireHliil ). I^'kj. i.—CucujuH puninim:
Ijirva. A, iJorMHl view. B, dextral view: <;, ventral vii-w. /\i. A very Oat larva found under
iiurk but nottt tlat-lieade<l fxirer. (l)rawitiKH by Kleaiior'l'. ArniNtronK-) (OriKinul.)
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Fig. 1. Bark from dying yellow pine (Pinus
ponderosa) mined by larvse of Melanophila
drummondi. xK (Photograph by H. E.
Burke.) (Original.)

Fig. 2.—Wood from scar on living red fir {Abies
viagniflca) mined by larvne of Trachykele
nimbosa. (Photograph by H. E. Burke.)
(Original.)

Fig. 3.—Stems from living bush of manzanita
{Arctostaphplos vhcida) showing galls made
by mines of larvae of .AgrrtYus sp. Xi. (Pho-
tograph by H. E. Burke.) (Original.)

Fig. 4.—Leaves of the live oak ( Quercus tvisli-

seni) partly eaten by adults of Agrilus angeli-
cus. Xj. (Photograph by H. E. Burke.)
(Original.)

Fig. 5.—Cones of the knobeone pine (Pinus
attenuata) mined by the larvae of Chrysaphana
piacida. XV. (Photograph bv H. E. Burke.)
(Original.)

Fig. 6.—Manzanita (Arctostaphylosviscida) bush
partly killed by mines of larva; of Agrilus
sp. XA- (Photograph by H. E. Biirke.)
(Original.)

Work of Flat-Headed Borers.
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Work of Flat-Headed Borers.

Fi(i. 1.—Ksrgs of Af/riluH anncHr.UH lai<l Hiiixly on twigs of live oiik (Quercrm af/ri/olia).
/I. FlO. 2.

—

Kkk of Ajjriliuf Hp. laid KitiKly on hUmii of nmiizanita {Arrtontaphj/los
vofcula). XI. K(0. 3.

—

JCk« moHscs of Ai/riliiH pidUiiK on bark of .stem of arr'o.vo
wiUow {SalU IfutwkpM}. Some covered wiili the pnitceiive covering, some uncdv-
r.Tcd. Xj. Flo. 4.—Egg inaH«eH of A (/rUuH hi>. oi\ bark of trunk of while alder
( AlnuH ilidmhijiilid). /i. Vui. .5.—Trunk of living white alder (A/min rliiiiiihi-

folin ) hiiowiiiK i-XK nia-v.wH of yl.r/n7/i« sp. and the .^aj) flowing from Ihe wounds
eau.sed hy the feeding of the young larv;i:. y,\. Flo. O.—Sec lions fn mi the I run k
of a living white aldi.-r (/l/7/w.« W/'/m/z/yr^WH) nhowing old egg niii.'-ses on the Imrk,
larval work under the hark, aii<l the "eraU.Ts" fonmil in llic hnrk wln-n llie
altaek wa.H not Hevere enough to kill Ihe tree. The hrond died in I he lurviil stage;
and the wound will euusi; a check In tliu wood. XI- ( l'h(Hogra|)hs hy 11. K.
lliirke.) (Original.)
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faces; true legs wanting; ambulatory tubercles sometimes present;

cerci wanting; spiracles crescentic, one large one on either side of the

second segment and one small one on either side of each of the fourth

to eleventh segments, on the anterior dorso-lateral surface.

Key to Genera op Buprestid Larv^.'

1. First segment distinctly larger and broader than the following segment;
larva clublike or pestlelike in form, somewhat flattened ; bark and
wood miners (PI. I, fig. 1) 2

First segment only slightly broader or slightly narrower than the following
segment; larva slightly wedge-shaped (cuneiform) or spindle-shaped
(fusiform), much flattened; segments deeply notched and lobed;
leaf-miners (PI. VI, figs. 3, 4)_. 19

2. Last segment without a distinct chitinous fork (PI. I, fig. 1) 3
Last segment with a distinct chitinous fork (PI. VI, figs. 1, 2) 18

3. Plates of first segment with distinct chitinous rugosities (PL I, fig. 1) 4
Plates of first segment without distinct chitinous rugosities, surface some-

times dull, sometimes shining (PI. TV)
_

8
4. Rugosities of first segment strongly developed, tending to form ridges;

Flatee with rather definite margins, markings dark and distinct (PI.

. ,,
fig. 1) .-.-, --; , -.

5
Rugosities of first segment pointlike

;
plates with indefinite margins, mark-

ings light, appearing more as grooves than as definite lines (PL I,

figs. 3, 4) .---.--•-.- 6

5. Dorsal plate marked by a distinct inverted Y (PL I, fig. 1) Chalcophora.

Dorsal plate marked by a distinct marking more like an inverted V or U
than a Y (PL I, fig. 2) Chalcophorella

.

6. Dorsal plate marked by a short, trunked, inverted Y or U , the apex and trunk
of which are often faint, rugose area forming more or less of a hood
around the Y ; ventral plate marked with a median groove that ex-
tends from the posterior margin of the plate two-thirds or three-

fourths of the distance to the anterior margin, not bisecting the
plate (PL I, figs. 3, 4; PL II, fig. 1) _

Buprestis.

Dorsal plate marked by an inverted V formed from light grooves; ventral

plate marked with a median groove that extends from the anterior

margin backward, sometimes bisecting the plate (PL II, fig. 3) 7

7. Dorsal plate rather oblong; ventral plate quite narrow, almost rectangular,

completely bisected by a median groove; first segment not much
larger than the second and third, fourth segment as large as the fifth

(Pi. II,_ figs. 2, 3) ; . - . MelanopUla.
Dorsal plate circular; ventral plate circular, never completely bisected by

the median groove, which extends backward from the anterior margin
about two-thirds of the distance to the posterior margin; first seg-

ment much larger than the other segments, fourth smaller than fifth

(PL II, fig. 4; PL III, fig. 1) Chn/sobothris.

8. Dorsal plate marked by an inverted V or Y formed of lines or grooves (PL
III, fig. 2) 9

Dorsal plate marked by a single median Une or groove wliich may broaden
out at either end (PI . 1 V, fig. 3) _. . . 13

9. Dorsal marking an inverted V of def3p grooves, ventral lino not bisecting

plate, third segment witli a pair of ambulatory tubercles above and
below, siirfaco shining (PL III, fig. 2) Anthaxia.

Dorsal marking an inv(;rlod V or Y of flurk linos, ventral line bisecting plate,

surface rather dull (PL IV, fig. 2) 10

10. Both dorsal and ventral markings with narrow simple anterior ends (PL
III, figs. 3, 4) 11

Both dorsal and ventral markings with broad reticulated anterior ends (PL
IV, figs. 1,2; 12

11. Dorsal marking a long trunked inverted Y witii a brownish base, ventral

marking a straight f)iH(;cting line with a brownisli anterior end (PL
1 1 1 , fig. :'>; Cinyra.

Dorsal marking an irjvcrled V with a Himj)le apex, ventral marking a simple
bisecting groove (PL III, fig. 4) J'occUunota.

Bo (ar 85 dotOTinlned the characters used In the key hold fur lurvu) of any stage.



6 BULLETIl^ 437, U. S. DEPARTMENT OF AGEICULTUEE.

12. Dorsal marking an inverted Y with a depressed stdning reticulated diamond-
shaped area surrounding the apex (PL IV, fig. 2) Trachykele.

Dorsal marking an inverted V with a broad reticulated apex (PI. IV, fig. 1)

Dicerca.

13. Dorsal plate rather small, oval or egg-shaped, marked by a distinct brownish
median groove which is goblet-shaped in front and forked behind;
a pair of brown spots on the median subdorsal areas of the second and
third segments (PI. IV, fig. 3) Thrincopyge.

Dorsal plate large, covering most of the dorsal surface, marked by a distinct

simple median groove sometimes broadening in front (PI. IV, fig. 4). 14
14. Ventral plate with a median dark line, both plates slightly corrugated longi-

tudinally, a dark brown sunken spot on either side of the head near
the base of the mandible, a pair of brown spots on posterior subdorsal
areas of third segment and a pair on anterior ventral area of fourth
segment (PL IV, fig. 4) Polycesta

.

Ventral plate with simple median line or groove, no sunken spots (PL V,
fig. 1) 15

15. Fourth segment narrower than fifth (PI. V, figs. 1,3) 16
Fourth segment broader than fifth (PL V, figs. 2,4) 17

16. Grooves of first segment light, plates not whitish opaque (PL V, fig. 1)

Chrysophana.
Grooves of first segment dark brown, plates whitish opaque (PL V, fig. 3)

Ptosima.
17. Third segment narrower than second (PL V, fig. 2) Acmaeodera.

Third segment wider than second, appearing nearly as large as first (PL V,
fiig. 4) Tyndaris.

18. Dorsal plate marked by two moderately separated dark brown lines which
converge anteriorly (PL VI, fig. 1) Eupristocerus.

Dorsal plate marked by a single median bisecting line (PL VI, fig. 2) Agrilus.

19. First segment as broad or slightly broader than the following, body gradually
tapering to the twelfth, slightly wedge-shaped (PL VI, fig. 3) . . . . .Brachys.

First segment narrower than the following, body tapering both ways from
about the middle, more acute at the posterior end, spindle-shaped

(PL VI, fig. 4) , Pachyscelus.

Note.—The author will be glad to determine specimens of "flat-headed borers," and for anyone, if the
locality and host plant are given. Such specimens should be sent to Forest Insect Investigations, Bureau
of Entomology, Washington, D. C. So far as known no larva of the genera Gyascutus, Hippome as, Agaeo-
cera, Psiloptera, Xenorhipis, Actenodes, Giyptosce.imorpha, Dystaxia, Schizopus, Masiogenius, Bhaebosceiis,
and Taphrocerus have been collected. Xenorhipis has been reared from hickory twigs and Mastogenius
from oak twigs, both in the Southern States, but the larvae have not been collected.

List op Genera, Distribution, Common Habits, and Host Trees.

Chalcophora. Throughout United States, wood-borer in the stump and trunk of injured,
dying, and dead trees: Pine {Pinus), Douglas spruce (Pseudotsuga), and
fir {Abies\.

Chalcophorella (Texania). Atlantic States, wood-borer in the stump and trunk of

injured, dying, and dead trees: Beech (Fagios), oak (Quercus), and sycamore
(Platanus).

Buprestis. Throughout United States, wood-borer in the stump and trunk of injured,
dying, and dead trees: Pine (Pinus), spruce {Picea), Douglas spruce
{Pseudotsuga), fir (Abies), hickory (Hicoria), aspen and cottonwood
(Populus), beech (Fagus), chestnut (Castanea), oak (QwercMs), and tulip
(Liriodendron)

.

Melanophila. Throughout United States, bark-borer in the stump, trunk, top, and
branches of healthy, injured, djdng, and dead trees: Pine (Pinus), larch
(Larix), spruce (Picea), hemlock (Tsuga), Douglas spruce (Pseudotsuga),
and fix (Abies). Kills many trees and causes checks or "gum spots" in
the wood of others.

Chrysobothris. Throughout United States, bark and sapwood borer in the roots, stump,
trunk, top, and branches of injured, dying, and dead shrubs and trees:

Pine (Pinu^), spruce (Picea), Douglas spruce (Pseudotsuga), fir (Abies),

bald cypress (Taxodium), incense cedar (Libocedrus), cypress (Cupressus),
juniper (Juniperus), butternut and walnut (Juglans), hickory (Hicoria),

willow (Salix), aspen, poplar, and cottonwood (Populus), birch (Betula),

alder (Alnus), beech (Fagus), chestnut (Castanea), oak (Quercus), elm
( Ulmus), hackberry (Celtis), sweet gmn (Liquidambar), mountain mahogany
(Cercocarpus), apple (Pyrus), Christmas berry (Heteromeles), plum, cherry,
and peach (Prunus), catsclaw (Acacia), mesquite (Prosopis), redbud
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(Cereis), palo verde (Cercidium), creosote-bush (CoviZZea), maple (Acer),

zizyphus (Zizyphus), coffee-berry (Rhamnus), grape (Vitis), ocatillo

(Fouquieria) , basswood (Tilia), dogwood (Cornus), wild lilac (Ceanothus),
sour gum (Nyssa), and persimmon (Diospyros). Kills injured shrubs and
trees.

Antkaxia. Throughout United States, bark-borer in trunk and branches of injured,
dying, and dead shrubs and trees: Pine (Pinus), Douglas spruce {Pseudo-
tsuga), fir (Abies), hickory (Hicoria), willow (Salix), oak (Quercus), elm
( Z7/mws), mountain mahogany (CercocarpMs), service berry (Amelanchier),

plum (Prunus), redbud {Cereis), grape ( Vitis), and paulownia (Paulownia).
Kills injured shrubs.

Xenorhipi-s. Southern States, twig-miner in dead twigs: Hickory (Hicoria).

Cinyra. Atlantic States, wood-miner in dead limbs: Oak (Quercus).

Poedlonota. Throushout United States, bark and wood miner in trunk of injured
trees: Willow (Salix) and aspen and cottonwood (Populv^).

Trachykele. Southern, Rocky Mountain, and Pacific States, wood-borer in stump,
trunk, and branches of injured, dying, and dead trees: Hemlock (Tsuga),
fir (Abies), bald cypress ( Taxodium), big tree (Sequoia), incense cedar (Libo-
cedrus), arborvitae ( Thuja), cypress (Cupressus), and juniper (Juniperus).

Dicerca. Throughout United States, wood-borer in the stump, trunk, and branches of

injured, djdng, and dead shrubs and trees: Pine (Pinus), spruce (Picea),

Douglas spruce (Pseudotsuga), fir (Abies,) bald cypress (Taxodium), butter-
nut (Juglans), hickory (Hicoria), willow (Salix), aspen, poplar, and
Cottonwood (Populus), birch (Betula), alder (Alnus), beech (Fagus), oak
(Qv£rcus), elm (Ulmus), hackberry (Celtis), mountain mahogany (Cerco-

carpus), cherry, peach, plum (Prunus), sumach (Rhus), and poison oak
(Toxicodendron), maple (Acer), buckeye (Aesculus), coffee-berry (Rhamnus),
wild lilac (Ceanothus), dogwood (Cornus), black gum (Nyssa), persimmon
(Diospj/ros), SLsh (Fraxinus), and snowberry (Symvhoricarpus).

Thrincopyge. Southwestern States, wood or pith borer in the flower stem: Yucca,
Spanish bayonet, palmio, sotal (Dasylirion); nolina (Nolina).

Polycesta. Southwestern and Pacific States, wood-borer in the stump, trunk, and
branches of injm-ed, dying, and dead shrubs and trees: Cottonwood (Pop-
ulus), alder (Alnus), oak (Quercus), sycamore (Platanus), mountain mahog-
any (Cercocarpus), apple and pear (Pyrus), Christmas berry (Heteromeles),

almond (Prunus), catsclaw (Acacia), mesquite (Prosopis), redbud (Cereis),

palo verde (Cercidium), maple (Acer), and manzanita (Arciostaphylos)

.

Chrysophana. Rocky IMountain and Pacific States, wood-borer in stump, trunk, top, and
branches of injured, dying, and dead trees: Pine (Pinus), hemlock (Tswgra),

Douglas spruce (Pseudotsuga), fir (Abies), and arborvitae (Thuja). Cone-
burrower in cones of knobcone pine (Pinus attenuata).

Acrnaeodera. Throughout United States, wood-borer in stump, trunk, top, and branches
of shrubs and trees: Bald cj^Jress

(
Taxodium.), yucca sotal (Dasylirion),

hickory (Hicoria), poplar (Populus), alder (Alnus), oak (Quercus), hack-
berry (Celtis), California laurel (Umbellularia), mountain mahogan}^ (Cer-

cocarpuH), apple and pear (Pyrus), service berry (Amelanchier) Christmas
berry (Heteromeles), choke cherry (7^a(/us), plum and almond (Prunus),
redbud ( Cerds), palo verde

(
Cercidium), ironwood (Olneya), lupine(Lujnnus),

china ash (
Melia), poison oak C Toxicodendron), zizyphus (Zizyphus), coffee-

berry (/i/ia/nnii.s), wild lilac (Ceanothus), manzanita (Arciostaphylos), and
yerba santa (Eriodiclyon)

.

Tyndaris. Southwestern States, wood-ljorer in roots, trunk, and branches of injured,

dying, and dead shrubs and trees: Catsclaw (Acacia), mesquite (Pi-osopis),

and ironwood (Olneya).

Plofdma. Atlantic Stales, wood-borer in stump, trunk, top, and branches of injured,

dying, and dead shrubs: Redbud (Cereis).

^faJitogen^vM. Southern States, twig-bor<!r in fire-killed saplings: Spanish oak ((Quercus).

EujrriHlocenjjt. Atlantic States, bark-borer in brandies of living Hhrubs and trees:

Aider (Alnujt). Causes the I'ormalion of enlarged growths (galls).

Agrilus. Throughout United Stal-es, bark and wood borer in roots, stump, trunk, lop,

and branches of Jieallhy, injured, dying, and dcdd slirub.s and trees: J5ul,-

tfirnut and walinit ( Jiuiluns), hickory ( liiciyri-a), willow (Siillx), aHi)(Mi,

poplar, cott/jnwood, and J'.idm of (iilciid (I'opulas), birch (Bciula), alder

(yl/n?/.'*), ironwood and hfirnbeain (O.f/n/a), beech (/'\///7/.s), chestnut (Ta.?-

tanea), oak (QutrcvH), ha<-kberry (CeU.ii), inulb(;rry ( Morus), raspberry and
blac'kborry ( liuhiu), apple ( I'yrus), serviceberry (Arnclunchier), catsclaw

(Acadu), coffee-tree (Gyianocladuis), locust (HobinUi), Humach (Rhv^),
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maple {Acer), dogwood {Cornus), madrone (Arbutus), manzanita (Arctosta-
phylos), aster (Aster), and sagebrush (Artemisia). Kills many skrubs and
trees, often causing the formation of galls and checks in the wood.

Brachys. Eastern and Central States, leaf-miner in leaves: Po'pulusl, alder (Alnus),
Fagus?, chestnut (Castanea), oak (Quercu^), Ulmus'i, and Acer"}.

PachysceltLs. Eastern States, leaf-miner in leaves: Eicoria?, Quercus?, and Lespedeza.

Note.—Host tree as given indicates, for bark and wood borers, that borer was actually taken from bark
and wood and not that the adult was resting on the bark or wood.
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INTRODUCTION.

The pear leaf-worm, more scientifically termed the pear sawfly

(GymnonycJius californicus Marlatt), is an hymenopterous insect

belonging to the family Nematidse and to the subfamily Nematinse.

For several years it has been noted as a pest on pear trees on the

Pacific coast. The observations and experiments recorded herein

were made in California by Messrs. R. L. Nougaret and W. M. David-

son, during the years 1911 to 1914, inclusive, and in the State of

Washington by Mr. E. J. Newcomer, during the seasons 1914 and
1915.

The injury is caused almost entirely by the feeding of the green

wormhke larva and is confined to the foliage, resulting in partial

defohation.

In the localities in which it occurs the insect is quite abundant.

Occasionally it becomes a pest of serious consequence, and under favor-

able conditions it might cause widespread damage.

HISTORY AND DISTRIBUTION.

The p(!ar leaf-worm was describ(;d from 1 female coUectod at

Brockport, N. Y., and 10 females taken near Sacramento, Cal,, by

Note.—This bulletin Is of interest to pear growers generally, but especially to those of the Pociflo coast.

67170*—Bull. 4:«—18 1
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MatthewCooke ( 1 ) ^ in the year 1881. At that tnne it was reported also

from Natoma and Santa Clara, Cal. In the spring of 1909 it was
quite common in the vicinity of Stanford University, Cal., and in 1911

it was a pest in Tehama Comity, Cal., besides being generally dis-

tributed throughout the central counties, both on the coast and in

the great interior valleys of Sacramento and San Joaquin? (3) As to

neighboring States, Prof. H. F. Wilson, of the University of Wisconsin,

in a letter reports the insect attacking pear foHage in Oregon (1913);

Dr. A. W. Morrill, State entomologist of Arizona, states in a letter

that Arizona is free from the insect (1913) ; Prof. C. P. Gillette states

that the insect does not appear to Hve in Colorado. In Washington

it was found in pear orchards in the Wenatchee VaUey in 1914 and

1915, being particularly abimdant in an orchard about 6 miles from

Wenatchee, but careful inquiry did not lead to the discovery of other

orchards having more than a scattering infestation.

Mr. C. L. Marlatt, in describing this insect, states that Dr. J. A.

Lintner, former State entomologist of New York, reported an unde-

termined sawfly larva as being injurious to pear in a nursery at

Geneva, N. Y., in May, 1894. Mr. Marlatt says (2)^ it is probable that

this is the same species, but as it has not been reported since, so far

as known, the identification of the Geneva specimens remains doubt-

ful; however, the collection of a specimen at Brockport, N. Y., indi-

cates that it may be found in the East,

POSSIBLE ORIGIN.

An attempt was made in Washington to ascertain the natural

hosts of the pear leaf-worm. The fact that it is found in various

locahties throughout a range of a thousand miles would indicate that

it is a native species. Two wild plants related to the pear are to be

found in the vicinity of Wenatchee, Wash. These are the service

berry (Amelanchier cusickii Fern.) and the thorn apple (Crataegus

hrevispina Dougl.). Plants of both species were searched carefully

for larvae of the sawfly several times in May. Nothing was found

on the service berry, but the thorn apple yielded a number of green

larvae very similar to those on pear. They differed, however, in

being a more shiny green, and in having scattered brown dots laterally

and dorsally on the thorax. A number of these were reared, but the

adults have not yet emerged. It is very probable that they belong

to a distinct but closely related species.

Nearly full-grown larvae of the pear leaf-worm were placed upon
twigs of both the service berry and the thorn apple. Those on
the former fed a little, but soon dropped off and died, while the

larvae on the latter at once began to feed, and several of them matured
and spun cocoons. From this it may be inferred that the pear leaf-

1 Figures in parenthesis refer to "Bibliography," p. 23.
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worm may naturally feed upon the thorn apple, and if a native of the

Pacific coast there probably exists another host to which it is adapted,

and its habit of feeding upon pear may be an acquired one. This is

not impossible, as various species of Crataegus and of Sorbus occur

throughout the known range of the species.

CHARACTER AND EXTENT OF INJURY.

The injury caused by the pear leaf-worm (fig. 1) is confined among
economic plants to the foliage of the pear and is due chiefly to the

larva. While it consists primarily in the eating out of circular or

semicircular holes in the leaf (fig. 1, a, h), often whole leaves are

eaten down to the petiole. During its period of life a single larva

eats about one-fourth of an

average-sized pear leaf, so

that it requires several larvae

to consume such a leaf en-

tirely. When two or more
larvae are feeding simultan-

eously on the same leaf they

frequently cut the midrib in

two at about the middle of

the leaf, and the portion thus

cut o£f falls to the ground.

Severe infestations cause the

defoliation of branches (PL II,

fig. 2). The larvse are not ad-

dicted to roaming and com-
monly do not leave their

original leaf as long as any
edible part of it remains. In

Washington many trees were Fig. l—The pear leaf-worm {Oymmnychus californicus):

observed in 1914 that were <^'l^^^i^'^'^'^'l^^f^'^^^\^^o^^i^^y^^^^z%^^s\xu-,b,
enlarged section of leaf showing egg m tissue and manner

from one-third to nearly one- of feeding of young larva; c.full grown larva. o, Slightly

haK defoliated. Such infes-
enlarged; 6, c, much enlarged. (Original.)

tations, however, are not common. The lower parts of large trees are

the more heavily infested.

The eggs arc usually laid in leaves that arc not yet unrolled, and
those which fail to hatch often deform or curtail tho growth of the leaf,

possibly by cutting off its food supply between the point where the

egg was d(^posited and tlie edge of tho loaf, making the latter one-

sided (PI. I, fig. .'>). "WTicn the eggs hatch normally this malforma-
tion does not occur. Tho puncture of tho ovipositor frequently causes

a discoloration of tho adjacent tissues and sometimes wilts young,

Umder leaves.

llio larva apparently will eat tho foliage of all cultivated varieties

of ])(;ur.
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DESCRIPTION AND HABITS.

THE EGG.

The egg (fig. 1, a, h) appears on the surface of the leaf as a small

oval blister of a greenish color. It is reniform, slightly smaller at

one end, translucent greenish, and about 0.75 mm. in length and 0.50

mm. in maximum width. As the margins of the egg are more or less

covered by the edges of the ruptured epidermis of the leaf to which

it adheres, it is hard to remove the egg intact. This incised part of

the leaf epidermis appears as a narrow brownish area surrounding the

egg. On the lower surface of the leaf nothing is visible but a dark

spot, indicating the passage of the ovipositor. The egg is slightly

more oval than that of the pear slug {Caliroa cerasi L.), which it

greatly resembles.

As miany as 20 eggs have been found in a single leaf, but ordinarily,

even upon a heavily infested tree, there are not more than three or

four and more often only one or two.

Just before the egg hatches the whitish curved embryo with its

pink "eyespots" is visible through the shell.

The manner of oviposition is described later in this section under

the heading of "The adult."

THE LARVA.

The larva emerges through the epidermis of the underside of the

leaf, apparently crawling out through the incision made by the adult

in depositing the egg. The newly hatched larva measures 1.3 mm.
to 1.7 mm. in length, and has an average width of 0.35 mm. As
soon as its head is free of the shell the larva begins to feed, cutting

a small round hole in the leaf. By the time the larva has fuUy

emerged, the hole or opening is large enough to permit the true

legs to grasp the edge, and as the hole is enlarged the whole body is

drawn in so that it lies in a curved position around the edge. The
true legs are gray, quite long, and are fitted for straddling the edge

of the leaf and not for walking over the surface. After a few hours

of feeding the color of the food begins to show through the body, and

the head and true legs become olive brown. There are seven pairs

of prolegs, which like the body are pale whitish or greenish-white.

Molting takes place on the edge of the hole eaten out of the leaf

wherever the larva happens to be in the course of its feeding. The
larva crawls out of the old skin and soon resumes its feeding. The
skin usually adheres to the leaf for a time and is not eaten. After

the first molt the larva has a length of from 2 to 3 mm. Just after

molting the appearance is much as before, except that the head is

larger in proportion to the body and both it and the true legs are of a
lighter green than the body, which latter is considerably wrinkled

and slightly flattened, especially at the caudal end. Later the head
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changes to light brown and the wrinkles disappear as the body fills

out. After the second molt the average length is about 6 nun. The
head appears green and toward the end of the instar is lightly dotted

with small brown spots. The folds or wrinkles in the cuticle and
sutures appear as white stripes and spots. The length after the third

molt is 9.2 mm. While at first the larva is similar in appearance to

the preceding instar, the color later is bluish green with whitish

lateral and dorsal stripes, due to the folds of the skin. These whitish

stripes disappear at maturity, when the folds have become filled out.

By the time the larva has cast its first skin (on the average 5^ days

after hatching) it has eaten a hole with average diameter of 3.8 mm.
After the second molt (on the average 8^ days after hatching) it has

eaten out an area of about 12 mm. diameter. Four larvae were found

to have eaten during their larval existence 514, 241, 280, and 416 sq.

mm. of leaf, respectively, the first of these having consumed somewhat
more than one-fourth of an average-sized pear leaf (Bartlett).

It was found that a considerable percentage of larvae died at the time

of their emergence because they were unable to cut their way through

the eggshell or through the leaf. Also during the first instar there

was considerable mortality due to imknown causes. During the

operation of molting numbers fall to the ground, because the larva

retains only a precarious foothold at this time and is easily shaken or

knocked off.

Ihe width of a strip of leaf eaten by the larva during one of its

circular trips around the hole is equal to three-fourths the height of

its head. It eats as far as it can reach forward without advancing.

The head of the larva is always closely in contact with the leaf, filling

up the place of that portion eaten away, as does also its body, which

lies at full length along the edge of the hole (fig. 1, &). It is for this

reason that the edge of the loaf, defining the hole, appears to be an

uninterrupted line, and the larva, being almost the color of the leaf,

is not readily detected without close examination, but its presence

is made known by the characteristic circular holes that it cuts in the

leaves. In feeding the larva holds the posterior end of the body

either straight along the edge of the opening or curled about it, and

eats around and around the hole, which becomes gradually larger.

Where the larvae are numerous and two or more feed on the same leaf

they may soon consume it entirely, whereupon they migrate to other

leaves and commence feeding on the edges (fig. 1, a), as they are

imablc to oat througli. the flat surfaces. The larvae feeding along the

edges of tlio leaves on the lower part of tlio tree are mostly those

which drop down from above, being dislodged at the time of molting

or from s(;me other cause. Wliilo migrating along the loaf petioles

or the edges of the leaves the posterior part of the body is carried in
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a characteristic curled position, and when the larva is disturbed this

posterior curled part is thrown up in a threatening manner.

The full grown larva (iSg. 1, c) measures 12 mm. (0.5 inch) in length

and 1 .6 mm. in width. The head is light green, dotted antero-dorsaUy

with small brown dots. Upon closer examination these dots are seen

to be divided into two or three parts which fit closely together. The
eyes are black; the mouth parts dark brown, and the clypeus light

brown with a narrow inverted V-shaped band of green between it and
the dotted area, which latter extends from the eyes back to the inser-

tion of the head into the thorax and is divided dorso-frontaUy by a nar-

row green line. Ordinarily the larva when full grown drops to the

ground, but some have been noticed crawling about the trunks of the

trees as though crawling to the soil. This is unusual, however, and
probably occurs with those Jarvse that happen to have been feeding

near the main trunk. Just before the larva is ready to drop to the

ground for "cocooning," the caudal segments turn yellowish.

THE COCOON AND PUPA.

The cocoon (fig. 2; PI. I, fig. 4) is cylindrical; shghtly constricted

at the middle, rounded at the ends and somewhat larger at one end
than at the other. It is closely woven of

fine silk, smooth inside and roughened or

with a pebbled appearance, due to the ad-

herence of small bits of soil, outside. It is

at first fight greenish and if kept dry re-

mains a straw color, but if moistened, as

it usually is when spun in the soil, it soon

^'""-J-"^"^! ^'fJn- ?r°°' darkens, becommg a dark brown. Some
Much enlarged. (Origmal.) ' o

larvae spin a quantity of loose, red-brown

silk about the outside before spinning the fight-green cocoon, especially

if the cocoon happens to be spun among old leaves in the soil, and

an occasional cocoon is found which is entirely of this red-brown

color. The larva fies with its head in the small end of the cocoon,

and the posterior part of the body curled up in the larger end. In

Washington the average length of 20 cocoons was 5.7 mm. and the

average maximum width 3 mm. In California the measurements

of both width and length were sUghtly in excess of this.

The habit of cocooning in the soil seems to be for protection rather

than for the effect of moisture. Cocoons spun in dry glass vials in

May, 1914, gave adults in April, 1915, though they had been kept

perfectly dry during the intervening 11 months. The cocoon is

closely spun and very tough and undoubtedly prevents the evapora-

tion of any moisture from the inclosed larva. Most of the larvae

spin their cocoons within an inch of the surface, and during the long

dry summers of Cafifomia and Washington this top inch of soil is
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subjected to a large amount of heat and desiccation. Thus it is

evident that the larva and its cocoon must be able to withstand

considerable dryness. An experiment was performed at Wenatchee,

Wash., to learn whether moisture was necessary to the larva.

Cocoons were collected from the soil within a few days after they were

spun, in May, 1914, and divided into two lots, both of which were

kept on the surface of some soil in jelly glasses. The soil in one lot

was kept moist by pouring water through a glass tube inserted in the

soil. The other lot was allowed to remain dry. The first lot was
kept moist until September. After this both lots were left untouched

until spring, being kept over winter in an unheated room. During

the emerging period the first lot was again kept moist, while the

other remained dry as before. As a check on these lots the emergence

from a third lot, collected April 3, 1915, was recorded. Table I

gives the results of this experiment

:

Table I.

—

Adult emergence of fear leaf-worm from moist and dry cocoons, Wenatchee,

Wash., April, 1915.

Observation. Moist. Dry.
Cocoons col-

lected Apr.
3, 1915.

Total.

Number of cocoons.
Numoer emerged.

.

Per cent emerged.

.

59
51
86.4

194
118

55
31
56.4

308
200
64.9

From Table I we learn that 86.4 per cent emerged from cocoons

kept moist during the previous summer, 60.8 per cent from dry co-

coons, and 56.4 per cent from the cocoons collected April 3, 1915, and

which were thus under natural conditions during practically the whole

period; the total percentage emerging was 64.9. The cocoons of the

dry lot that did not give adults were examined later, and a number
of them contained fully-formed adults that had been unable to break

through the tough, dry cocoon. This indicates that the smaller per-

centage of adults emerging from these cocoons was due to the dryness

at the time of emergence rather than the dryness during the preced-

ing summer, and perhaps collective dryness weakened the insects

somewhat. The larvae had lived through the dry period of the sum-

mer, had pupated the following spring, and the adults had cast the

pupal skin, but had been unable to get through the dry cocoon.

ITie smaller emergence from cocoons collected in April, 1915, is

explained by the more uneven conditions to which the"^ had been

subjected, such as the freezing and thawing of winter.

The newly-molted j)upa is entirely pale green, with black eyes, and
mcHsures about 5 mm. by 1.7 mm. Shortly before the time for the

adult to emerge the pupa turns dusky blackish, with the wings, fore-

legs, and portions of middle and hind legs ycillowish. VentraUy the

abdominal rings and the saw case of the female are greenish.
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THE ADULT.

Female.—Length 4.5 mm., very short and robust, shiny; head densely punctured,

rather opaque ; clypeus very slightly emarginate ; frontal wanting or very slightly indi-

cated; antennae very short, not as long as head and thorax, filiform, third joint longest;

intercostal nfearly at right angles with costa, interstitial with basal ; venation otherwise

normal; stigma short, broadly ovate at base; apex of costa strongly thickened; sheath

broad, slightly emarginate beneath and acuminate at tip; claws simple. Color black;

angles of pronotum, tegulse, trochanters, apices of femora (particularly anterior pair),

tibiae, and tarsi yellowish ferruginous; the posterior tibiae and tarsi particularly some-

what infuscated; veins, including stigma and costa, dark brown; wings hyaline.

The females are more robust than the males. Upon issuing from the

cocoon the adult cuts a small circular hole almost all the way around

the end of the cocoon and issues by pushing up this "lid." Adults

(fig. 3) fly preferably in the fuU sunshine, but also in cloudy weather.

Their flight is jerky, and when captured they feign death. A great

amount of time is spent running about over the unfolding leaves and
buds, the antennae vibrating incessantly. They take food from the

Fig. 3.—Pear sawfly, the adult of the pear leaf-worm. Much enlarged.

(Original.)

nectaries of the leaves, and from observations it appears probable

that they also make shght incisions with the ovipositor and suck up
the moisture which collects at these wounds. (PI. I, fig. 1.)

When ovipositing they run about in the same way, and at intervals

the abdomen is bent down and the tip of the ovipositor inserted in the

leaf, always on the under side, the leaves being mostly as yet unrolled.

Sometimes the place selected appears to be unsuitable, for the ovi-

positor is withdrawn after several seconds and inserted in another

place (PI. I, figs. 1,2). The whole process of oviposition occupies a

little less than two minutes. The ovipositor (fig. 4) normally lies in

its sheath, point up, and the abdomen must be curved under, so that

the point, which is extruded a httle way, may be inserted into the

leaf. The saws immediately begin to work back and forth, and after

about 30 seconds the ovipositor has been driven far enough into the

leaf epidermis so that it no longer needs the support of the sheath.

At this juncture the abdomen is straightened out, leaving the ovi-
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positor at right angles to the sheath (fig. 4, a) . The rhythmical sawing

goes on for about 50 seconds more, the two surfaces of the leaf being

forced apart to form a more or less oval cavity. The sawing ceases,.

and the portion of the ovipositor still outside the leaf is seen to be-

come more opaque and greenish. This is due to the passage of the

egg and the mucilaginous matter around it. The abdomen moves
up and down slightly as the egg is forced into the cavity, and the

saws are removed gradually. The actual depositing of the egg occu-

pies about 30 seconds, and as soon as the ovipositor is free the anten-

nae, which have been practically quiet during the whole operation,

immediately resume their rapid vibrations, and the fly moves to a

Fig. 4.—Ovipositor of adult female of the pear sawflj': a, Last three abdominal segments with
ovijwsitor protruding; b, ventral ^'iew of last segments of abdomen witli ovipositor retracted

within its sheath; c, ventral view of ovipositor and portion of sheath, showing lateral ridges

on inferior blades; d, single superior saw blade; e, single inferior saw Ijlade; o, ovipositor;

s, 8Uj)erior saw blade; i, inferior saw blade; sh, sheath; cere, cerci. All highly magnifled.

(Original.)

new place. One female was observed to deposit 5 eggs in 20 minutes,

but not all in the same leaf.

BIOLOGY.

There is one generation annually. In California, from observations

made in 1912 and lOi:^, it was found that adults issued during March
and the first half of April, but before the middle of March very few
emerged. In Washington, in the spring of 1915, practically all the

adults emerged between the 1st and 15th of April. In both localities

the period of emergence pro})ably varies more or less with the season.

Immediately after issuing, the sexes presumably mate and the

ff'mulcs oviposit on young pear leaves.

57170°—Bull. 4.".8—16 2
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THE EGG.

In California, in Santa Clara Comity, in 1912, eggs were first ob-

served on trees as early as March 23, and in Contra Costa County, in

1913, as early as Marcli 25. During the last few days of March in

both these years oviposition was observed. In Washington, in 1915,

numerous females were observed in the Zimmerman orchard on April

7, though none had been found 3 days before. None was seen to ovi-

posit on this date, and they were evidently all very recently emerged.

A week later the period of oviposition was at its height and by April

24 most of the adults had disappeared. The adults prefer to ovi-

posit on those varieties of pears which leaf out early and generally

select for oviposition a young leaf not yet unrolled. In California

the earhest adults generally find the Bartlett not far enough advanced,

and so the earhest eggs are deposited on other varieties. Ovipositing

females kept in a jar were provided with cherry and plum leaves, but
they refused these as hosts, although, in similar confinement, they

oviposited regularly in pear leaves.

Table II indicates the incubation period in California for 85 eggs

:

Table II.

—

Incubation record of eggs of the pear leaf-worm, Walnut CreeTc, Cal., 1913.

Number Date of

deposi-
tion.

Date of Number Incuba-

posited.
hatching. batched. tion stage.

Days.
118 Mar. 29 Apr. 7 23 9

Apr. 8 6 10
Apr. 9 21 11

Apr. 10 £8 12
Apr. 11 5 13
Apr. 12 2 14

For this experiment 20 adults were confined in a cage in which a

growing pear limb was inclosed. The average incubation stage was

11.1 days. Out of 118 eggs deposited, 85, or 72 per cent, hatched.

Table III indicates the incubation period, in Washington, of 23 eggs

deposited by a single unfertilized female on a pear twig kept in water.

Table III.

—

Incubation record of eggs of the pear leaf-worm, Wenatchee, Wash., 1915.

Number
of eggs
depos-
ited.

Date of
deposi-
tion.

Date of
hatching.

Number
hatched.

47 Apr. 11-14 Apr. 19

Apr. 20
Apr. 21

Apr. 22
Apr. 23
Apr. 24

10

4
1

1

1
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Another lot, deposited from April 8 to 11, began hatching April 18.

The incubation period was thus 8 to perhaps 12 or 13 days. The
twig above cited was badly wilted by the 24th, after only 50 per cent

of the eggs had hatched, and none hatched after this date. It is

probable that under normal conditions hatching would have been

more regular, and also that the average incubation period would have

been lengthened. It was observed that unfertihzed eggs hatched as

readily as fertilized ones. The life-history phase of parthenogenesis

is considered farther on m this chapter in the discussion of the adult.

THE LARVA.

In the field at Walnut Creek, in 1913, the first larva was observed

on April 1. It was about 3 days old. Two days later about 1 per

cent of the eggs ah'eady laid had hatched. At Red Bluff, Tehama
County, Cal., in 1911, most of the larvae were haK grown on April 9,

and in 1912 fuU-gTOwn larvas were found at Red Bluff April 22, and

on May 12 no more larvse could be found.^ At Suisun and Courtland,

Cal., in 1912, the first larvse went to the ground about April 10, but

at San Jose not before May 1. In 1913, at Walnut Creek, the first

larvae went to the ground about April 20, and after May 10 very few

larvae remained on the trees. It appears that in the interior valleys,

where the pear trees move earher, the sawflies emerge and the larvae

mature earher than in the coastal districts. This is doubtless due to

climatological mfluences.

The first molt is cast from 3 to 8 days after hatching, the second

molt from 2 to 7 days after the first, the third molt from 2 to 7 days

after the second, and from 4 to 10 days elapse between the date of

the third molt and maturity of the larva, the variations being chiefly

due to temperature influences. The pupal molt does not take place

untn the following sprmg or shortly before the issuance of the adult.

Table IV indicates the larval life observed at San Jose, Cal., in 1912.

Table IV.—Larval stages of the fear leaf-worm, San Jose, Cal., 1912.

No.
Date egg
hatched.

Date lar-

va spun
cocoon.

Active
larval
life.

No. Date egg
hatched.

Date lar-

va spun
cocoon.

Active
larval
life.

1

2
3
4

5
fi

7

8
9

Apr, 7

...do

...do
Apr. 8
...do
Apr. 9
Apr. 10
Apr. 12
...do

May 9
May 10
May 12
May 11

...do
May
May 17

May 10

May 11

Days.
32 :

33
1

35 j

33 !

33
30 ;

37
28

io
11

12
13

14

15
10

17

Apr. 12
Apr. 13
...do
...do
...do
...do
Apr. 17
May 2

May If)

May 12
May 14

...do
May 10
May 18
May i:j

May :U

Days.
33
29
31
31
33
35
2G
2i)

• Letter from Mr. C. B. Weelts, Tehama c;ouiity horticultural commissioner.
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Thus the maxinmni larval life was 37 and the minimum 26 days.

The average is found to be 31.6 days. In this experiment the larvae

were kept in glass vials, hut in the experiment of which the results

are given in Table V the larvae were allowed to remain on the tree

until a day or two before they went to the soil, a small numbered
cloth tag attached to each leaf permitting accurate observation on

each larva. The observations recorded in Table V are, therefore,

more normal than those indicated in Table IV.

Table V.-

—

Larval stages of the pear leaf-worm, Walnut Creeh, Cat., 1911

No.

Date of— Length of instars 11 days.

Total.

Hatching. Moltl. Molt 2. Molt 3.
Spinning
cocoon.

1 2 3 4

1 Apr. 13 Apr. 19 Apr. 24 Apr. 28 May 2 6 5 4 4 19
2 ...do Apr. 20 ...do ...do May 3 7 4 4 5 20
3 ...do ...do ...do ...do ...do 7 4 4 5 20
4 ...do Apr. 21 ...do ...do May 4 8 3 4 6 21

5 ...do ...do ...do ...do May 5 8 3 4 7 22
6 ...do Apr. 19 ...do (?) May 1 6 5 (?) 7 18
7 ...do Apr. 20 (?) Apr. 26 May 3 7 (?) (?) 7 20
8 Apr. 14 Apr. 19 Apr. 23 (?) ...do 5 4 (?) (?) 19
9 ...do Apr. 20 ...do Apr. 26 May 4 6 3 3 8 20
10 ...do ...do ...do Apr. 29 May 3 6 3 6 4 19
11 ...do Apr. 21 Apr. 24 Apr. 27 May 4 7 3 3 7 20
12 ...do ...do ...do...,. Apr. 28 May 3 7 3 4 5 19
13 ...do ...do ...do ...do May 4 7 3 4 6 20
14 Apr. 15 Apr. 20 ...do (?) ...do.... 5 4 (?) (?) 19
15 ...do Apr. 21 ...do Apr. 30 May 7 6 3 6 7 22
16 Apr. 16 Apr. 20 Apr. 23 Apr. 25 Died. 4 3 2 ......
17 ...do ...^0 Apr. 24 Apr. 26 May 3 4 4 2

....^...

18 ...do Apr. 22 ...do Apr. 28 May 4 6 2 4 6 18
19 ...do ...do Apr. 25 Apr. 27 May 5 6 3 2 8 19
20 ...do ...do ...do Apr. 30. May 9 6 3 5 9 23
21

22
Apr. 17
...do

...do
Apr. 23

...do

...do
...do
Apr. 28

Died.
May 6

5

6
3
2

5
3 '"s" "ig"

23 ...do ...do ...do Aj)r. 30
May 2

May 6 6 2 5 6 19
24 ...do ...do Apr. 26 May 8 6 3 6 6 21
25 Apr. 18 ...do Apr. 25 Apr. 30 May 5 5 2 5 5 17
26 ...do ...do ...do ...do May 6 5 2 5 6 18
27 ...do ...do ...do ...do May 8 5 2 5 8 20
28 ...do ...do Apr. 26 Apr. 29 May 9 5 3 3 10 21

29 ...do Apr. 24 ...do ...do May 8 6 2 3 9 20
30
31

Apr. 19
...do

...do ...do Apr. 28
May 2

Died....
May 7

5
5

2

2
2
6...do ...do

......
"is"

32 ...do ...do Apr. 28 ...do May 12 5 4 .4 10 23
33 Apr. 20 ...do Apr. 26 Apr. 28

May 5
May 8 4 2 2 10 18

34 ...do ...do Apr. 28 Died. 4 4 7 ........
35 Apr. 21 ...do Apr. 27 May 2 May 8 3 3 5 '"h"
36 ...do ...do ...do May 3 May 10 3 3 6 7 19
37 ...do ...do Apr. 28 May 1 May 9 3 4 3 8 18
38 ...do ...do ...do May 4 ...do 3 4 6 5 18
39 ...do Apr. 25 Apr. 29 ...do ...do 4 4 5 5 18
40 ...do ...do.... May 1 May 6 May 13 4 6 5 7 22
41 Apr. 22 ...do Apr. 29 May 2 May 8 3 4 3 6 16
42 ...do Apr. 26 May 2 May 6 May 14 4 6 4 8 22
43 Apr. 23 ...do ...do ...do May 12 3 6 4 6 19
44 ...do ...do May 3 ...do ...do 3 7 3 6 19
45 ...do Apr. 30

May 1

May 4 May 9 May 14 7 4 5 5 21

46 Apr. 25
May 7

May 6 May 10 May 16 6 5 4 6 21

47 May 14 May 17 May 22 May 27 7 3 5 5 20

Out of the 47 individuals recorded in Table V, it will be noticed

that 4 died after completing their third molt. These 4 were fuU

grown and died from their inability to spin cocoons, and it

appears that the larva, after it is ready to enter its quiescent stage,

can not Hve exposed to the atmosphere. For the experiment in

J
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Table V, 122 eggs were marked on the trees. Thirty eggs died

before hatching or were infertile. The remaining 92 hatched and
16 iarvse disappeared and 3 died before molting. Thus 73 larvae

cast their first skin under observation. Of these, 6 disappeared and
2 died before casting the second skin. Thus 65 larvse molted a second

skin under observation. Of these, 5 disappeared and 5 died (1 being

destroyed by a coccineUid larva) before shedding the third skin. Of

the 55 larvas which cast the third skin, 8 subsequently disappeared

before they were ready to drop to the ground. The larvae under

observation were taken into the laboratory insectary after their

third molt, but were not inclosed in cages, so that those which desired

to move away could do so. On the trees most of the larvae which

disappeared were dislodged during the operation of molting.

Table VI.

—

Summary of Table V.

Instar. Maximum. Minimum. Average.

1

Days.
8
7

7
10

Days.
3
2

2

4

Days.
5.3
3.4
4.2
6.6

2

3 . . .

4. ..

Total larval period on trees 23 16 18.4

The data in Tables V and VI are in striking contrast to those

recorded from San Jose (Table IV) , in which the average period spent

by the larvae in vials was 31.6 days. It would appear that the San
Jose individuals were retarded by reason of the abnormal character

of their food as a result of the feedmg of cut leaves. It might be

added that the temperature during the period of larval growth in

1913 at Walnut Creek was higher than the mean average for that time

of year, and toward the end of April great daily fluctuations occurred;

for instance, on Aprd 24 and on May 3 there was a range of 48° F.

Tables VII and VIII give the larval life history at Wenatchee,

Wash., in 1915.
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Table YIl.—Larval life history of the pear leaf-worm at Wenatchee, Wash., 1915.

No.

Date of— Length in days.

Hatch-
ing.

1st molt. 2d molt. 3d molt. Cocoon. 1 2 3 4

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
32
33
34
35
36
37

Apr. 16
Apr. 18
...do
Apr. 19
...do
...do

Apr. 23
Apr. 25
...do....
...do....
Apr. 26
...do

7

7

7

6

7

7

7

7

7

7

7

5
5

5
6

6

6

5
5

5
6

6
7

5

5

May 2
Apr. 29
Apr. 28
Apr. 30
May 1

...do

7

4

3

4

5
5

8

May 7

May 6
May 14 8

8
7

...do ...do

...do ...do May 4

...do ...do

...do ...do
j

...do ...do i

Apr. 21
...do

...do....

...do
May 2
May 3

6
7

...do. ... ...do

...do....
.do

Apr. 27 Mav 5 8
. .do

Apr. 22
Apr. 23
.do ....

Apr. 28 Mav 5 7

7

7

...do

...do
...do
__.rlo .

i_
. _

...do ...do...-.

...do....

...do
Apr. 29

.. .do. . ..
(

...do....
Apr. 24
...do

Apr. 30
Apr. 29
...do

1

i i

Apr. 29
j
May 7

May 8 May 17
May 9 May 15

8
9
6
6
8
8
8
7
"e"
10
9
10

May 15 May 23
-do. . i -do.

.

I

May 17 May 24
Apr. 23
May 8
May 12
do

Apr. 29
May 18
May 21
May 22

Table Mill.—Summary of Table VII.

Instar. Maximum. Minimum. Average.

1.

2.
3.
4.

Days.
7

8

9
10

Days.
5

3

6
6

Days.
6.1
6.0
7.6
8.4

Total ;. 28.1

1

In ascertaining the larval life history at Wenatchee, it was neces-

sary, owing to the distance of the infested orchard, to rear the larvse

on leaves kept in water in the outdoor rearmg shelter. These had
to be renewed every 4 or 5 days, and the larvse transferred to the

fresh leaves. It will be noted that there was a high mortahty among
the larvse, and this may be attributed to the fact that the larvae had
to be handled more or less, and that they did not always have per-

fectly fresh food upon which to feed. It is probable, also, that the

periods between molts were lengthened by this abnormal method of

rearing, although observations in the field indicate that the figures

for the total larval life are approximately correct. In 1915 most of
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the larvaB had hatched by April 24, and the largest number were enter-

ing the soil about May 20, giving an average larval period of about

26 days. The table shows an average of 28.1 days, and the only

larva that was reared to maturity (No. 3) occupied 26 days from egg

to cocoon. This is a longer period than at Walnut Creek, Cal. (18.4

days) where the larvae were reared normally on the trees, and a

shghtly shorter period than at San Jose (31.6 days), where the larvae

were reared under conditions similar to those in Washington State.

THE COCOON AND PUPA.

In order to determine how deeply the larvae penetrate the earth

for the purpose of spinning their cocoons, 60 full-grown larvss were

placed in a screen cage sunk into the soil and filled with 7 inches of

average orchard soil April 30, 1913. By May 3 aU the larvae had
burrowed and on Jmie 18 the soil was examined with the results

enumerated in Table IX.

Table IX.

—

Depth in soilfor cocooning of the pear leaf-worm, Walnut Creek, Cal., 1913.

Number of

cocoons
found.

Inches be-
low soil

surface.

46
2
4

1

Otol
lto2
2 to 3
3 to 4

Fifty-three out of 60 were thus accounted for, and therefore 88.3

per cent of the larvae spun cocoons. It is evident from Table IX
that the great majority spin their cocoons not more than 1 inch below

the surface. In the above instance this majority was 86.8 per cent.

Table X shows the depth in the soil at which the cocoons are

spun in Washington. On May 21, 1915, 93 larvae just ready to enter

the earth were placed in an open jar on top of 6 inches of fairly

closely packed, moist, sandy soil, which is typical of the orchards

of the region. In a few days the larvae had aU disappeared and
on June 1 1 the soil was sifted and 71 cocoons were recovered. Thus
76.3 per cent of the larvae spun cocoons, the others being found

dead near the surface. The depths at which the cocoons were found

are given in Table X.

Table X.

—

Depth in soil of cocoons of pear Icaf-vorvi, Wenatchee, Wash., 1915.

Number of
cocoons
found.

Tncbcs
bi'low

.siiifuco.

39
24
7

1

Otoi
i tol
lto2
2 to 3
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Thus 88.7 per cent of all the cocoons were formed less than 1 inch

below the surface of the soil. This approximates the percentages

found at this depth in California.

Tables XI, XII, and XIII indicate the period spent in the cocoon

in California

:

Table XI.

—

Cocoon records of the pear leaf-worm, 1911-12.

Place.
Date of spin-
ning cocoon.

Date of adult
emergence.

San Jose, Gal May 13,1911
May 16,1911

do

Mar. 25,1912
Mar. 18,1912

Do.
Mar. 4, 1912
Mar. 10,1912

Do.

Do
Do

Red Bluff, Cal
Do

Apr. 25,1911
Apr. 26,1911

doDo

Table XII.

—

Cocoon records of the pear leaf-worm, 1912-lS.

Place.
Date of spin-
ning cocoon.

Date of adult
emergence.

San Jose, Cal May 9, 1912
May 10,1912
May 11,1912

do
May 12,1912
May 15,1912

Mar. 23,1913
Mar. 30,1913
Mar. 28,1913
Mar. 8, 1913
Mar. 31,1913
Mar. 7, 1913

Table XIII.

—

Cocoon records of the pear leaf-worm, Walnut Creelc, Cal., 191S-14.

Date of
spinning
cocoon,
1913.

Date of
adult
emer-
gence,
1914.

Date of
spinning
cocoon,
1913.

Date of
adult
emer-
gence,
1914.

Date of
spinning
cocoon,
1913.

Date of
adult
emer-
gence,
1914.

Date of
spinning
cocoon,
1913.

Date of
adult
emer-
gence,
1914.

May 2
May 3

Do
Do
Do
Do.

Mar. 18
Mar. 14
Mar. 15
Mar. 18
Mar. 19
.do

May 4
...do
...do
May 5
...do
May 6
...do
May 7

Mar. 18
...do
Mar. 19
Mar. 15
Mar. 20
Mar. 18
Mar. 20
Mar. 18

May 7

May 8
...do
...do
...do...;.
May 9
...do
...do

Mar. 20
Mar. 19
Mar. 20
Mar. 21
Mar. 29
Mar. 16
Mar. 18
Mar. 19

May 9
...do
May 12
...do
May 13

...do
May 14
May 16

Mar. 20
Do.
Do.

Mar. 25
Mar, 18
Mar. 19
Mar. 31
Mar. 22

Do
May 4
Do

Mar. 20
Mar. 15

Mar. 18

The average time spent underground in a cocoon, first as larva and

secondly as pupa, is about 10 months and 10 days. Table XIV
summarizes the adult emergence recorded in Table XIII.

Table XIV.

—

Summary of Table XIII, adult emergence of the pear leaf-worm, 1914.

Number Number
of adults Date. of adults Date.
issuing. issuing.

1 Mar. 14 Mar. 21

3 Mar. 15 Mar. 22
1 Mar. 16 Mar. 25
8 Mar. 18 Mar. 29
8 Mar. 19 Mar. 31
8 Mar. 20



THE PEAR LEAP-WOEM. 17

Another lot of 53 cocoons gave almost similar results, the days on

which the greatest numbers issued being March 16 and 17.

In 1913 a number of cocoons were examined March 10, and none of

the inmates were pupae. On March 13 one newly molted pupa was
observed. It was entirely pale green, with black eyes, and measured

5 mm. by 1.7 mm. On March 30 this pupa began to turn dusky, and

on April 2 the head and thorax were black and the abdomen dusky.

This pupa failed to develop, but would have issued as an adult about

April 5. On March 28, 1913, a fully formed adult was found inside a

cocoon. The pupal stage is passed in from two to three weeks.

THE ADULT.

Table XV indicates the adult emergence in Washington of 200 indi-

viduals, and their sex, in the spring of 1915.

Table XV.

—

Adult emergence of the pear leaf-worm, Wenatchee, Wash., 1915.

Date. Males. Females.
Total for

each date.
Date. Males. Females.

Total for

each date.

Apr. 2
Apr. 3
Apr. 4

Apr. 5
Apr. 6
Apr. 7

Apr. 8

1

1

4

1

12
25
53
52
15

4

1

13
26
53
52
15

Apr. 9
Apr. 10
Apr. 11

Apr. 12
Apr. 13

Total.

8
17

7

3

1

8
17

7

3
1

2 19S 200

The average length of life of 7 females confined in jars with pear

twigs was bh days. Comparing the adult emergence in California in

1914 with that in Washington in 1915, we find that in the former

locality the maximum date was March 19, while in the northern local-

ity this date was April 6. The activities of the insect certainly com-

mence earlier in the year in California, and this is to be expected when
we consider the seasonal differences in the two localities, for the activi-

ties con-ospond with the period of leafing of the tree.

Both in Washington and in California the females have been ob-

serv<;d to outnumber the males greatly. Out of 200 adults reared at

Wenatchoe, Wash., in 1915, only two were males.

Parthenogenesis occurs in this species, and unfertilized eggs hatch

readily, as already has been stated. The larvae live for some time,

some of tlutm until the third instar, but it is not definitely known
whether any of them over live to maturity.

NATURAL CONTROL.

Although the pear leaf-worm is apparently a native species, its natu-

ral enemies seem to })c few, and iiuifficiont in controlling it. No para-

sites whatev(!r have been retjonlod in California. At Wenatchee,

Wash., several old cocoons, each with a small round hole near one end,
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were found in May, 1914, indicating the probable existence of a

parasite. In the spring of 1915 the possibility of securing parasites

was kept in mind. On April 1 three small parasites were found in

one of the rearing jars, evidently coming from a single cocoon that

had a small hole in it. The following day the sawflies began emerg-

ing, and continued to do so until April 13. At this time there were

still over a hundred cocoons in the jars, and these were kept for

possible parasites.

On April 24 a small ichneumonid, determined by Mr. S. A. Rohwer,
of the Bureau of Entomology, as Mesoleius sp., emerged from one of

the cocoons through quite a large hole that it had made.

On May 4, 27 specimens of the small parasite previously referred

to were found in one of the rearing jars, having come from four

different cocoons, and in another jar 15 specimens of the same species

had emerged from three cocoons, or an average of 6 parasites for

each cocoon. These parasites, evidently chalcidids, have not been
determined.

On May 19 a smgle larger parasite was found, which, upon being

submitted to Mr. S. A. Rohwer, proved to be a chrysidid, probably

Cleptes provancJieri Aaron.

Thus it appears that of 308 cocoons, only 10, or a little over 3

per cent, were parasitized. The ravages of the sawfly would not be
diminished to any appreciable extent by this degree of parasitism,

though there may be years when these parasites are much more
numerous. It is interesting to note that practically all of these

parasites came out considerably later than the adult sawflies, and
at about the time when the largest number of sawfly larvae were
full grown. This indicates that the parasites oviposit on the larvae,

which is probably the case, as it is difiicult to understand how they

could reach the larvae after the latter had spim their cocoons in the

soil. Since there is but one brood of the host, there would be only a

single brood of the parasites if pecuhar to this host.

In California larvae of coocinellid beetles in rare instances have
been observed to prey on the larvae of the pear sawfly. Before the

first of May coccinellid larvae are comparatively scarce, and so it is

unlikely that they will ever prove a check upon the pear sawfly.

REMEDIAL MEASURES.

The pear leaf-worm is easily controlled when in the larval stage.

A poison spray, such as arsenate of lead, if properly applied, is

highly effective (PI. II, fig. 1), because of the habit possessed by this

insect of passing the whole period of this stage of its life upon the same
leaf, unless forced to move awaybyinterference, accident, or scarcity of

food, mainly due to the location of several larvae on one leaf and the

fact that they consume it before they attain the stage of pupation.
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The larva shows no preference for any one part of the leaf. The
parenchyma and main or lateral veins—even blister-mite galls, when
these happen to be present—are consumed in turn as met with during

the continuous circular travel of the larva. A spot of arsenate of

lead reached in its path of travel becomes part of its food. The larva

does not change its course or eat around it because of a dislike for

the taste of the poison.

The larval period occurs at a time when spraying is done for more
serious pests of the pear. Spraying specifically for its control would
coincide with the first application of spray for the codling moth,

when the blossoming period is about over and two-thirds of the petals

have fallen. The formula of arsenate-of-lead spray used for the

latter is quite as effective for the pear leaf-worm.

CALIFORNIA EXPERIMENTS.

In California, when pear orchards are infested with pear thrips

(Taeniothrips ivjri Daniel), the Government formula of distillate-oil

emulsion and nicotine^ used for the control of the pear thrips larva

is usually applied at a time when the pear leaf-worms are about all

hatched, and is also effective, as a contact-spray control, for the

latter.

Therefore, in pear orchards well taken care of, when spraying

for the codhng moth has become as much of an indispensable practice

as that of plowing and cultivating, the pear leaf-worm has less

chance of becoming a pest of economic importance, and its control can

be considered as correlative with that of both the codling moth and
the pear thrips.

Table XVI.

—

California spraying experiments indicating degree of efficiency of different

forrardas against the pear leaf-worm, Apr. 29 and 30, 1913.

Tree sprayed and spray material used.

Number of pear leaf-worms.

Dead. Alive. Sick.
Per
cent
dead.

Per
cent
alive.

TreeXo. 1:

Lead arsenate 4 pounds, water 100 gallons
Tree r 0.2:

Lead arsenate 4 7>oimds, fish-oil soap 10 pounds, 40 per cent
nicotine sulphate 1 '1600, water 100 gallons

Tree No. 3:

rish-oll soap 10 pounds, lO j)pr cent nicotine .sulphate 1/1000,
water IfX) galloas

TreeN'o. 4:

Lead arsenate 4 pounds, flsh-oil soap 10 pounds, 40 per cent
nicotine sulphate 1/lBOf), water 100 gallons

Tree No. 5:

Lead arsenate 4 pounds, flsh-oll soap 10 pounds, water 100
gallons

Tree No. 6:

I-ead arsenate 6 pounds, water 100 gallons
Tree No. 7:

Yhh-oW soap 10 pound.s, 40 per cent nicotine sulphate 1/1000,
water UXJ gallons

91

100

f)0

KSi

0(ii

97J

I Ffjstxir, 8. W., and Jones, P, R. How to Control the Pear Thrips. U.S. Dopt. Agr. Bur. Ent.Clro.

131. 24p.,15ng. Kill.
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To ascertain how far the control of the pear pests just mentioned

could be relied upon to keep the pear leaf-worm in check, control

experiments were made in the spring of 1913 in California and in

1915 in the State of Washington, and are shown in Table XVI.
Actual count was made 24 hours after spraying, and the larvae

found on the leaves only were taken into consideration. Leaves

with holes eaten in them, but with no larvae present, were not made
part of the record. This spray was applied with pressure, the force

of which, when hitting the leaves at close range, more than likely

caused larvae to loosen their hold and fall to the ground. It is also

more than probable that some sick larvae likewise fell before the

count was made. At that time leaves were noticed with holes in

them smaller than those which would have been produced by larvae

remaining on the leaf until their full development had been attained.

The mortality therefore would be greater than is recorded in these

tables, and this accounts in a measure for the difference in the results

found for the same formula applied in California and in the State of

Washington, because in the latter instance the experiment was made
under laboratory conditions which would afford opportunity for closer

observations and would yield more precise results.

Field conditions prevailed in the California experiments, because

common every-day spraying, as ordinarily practiced in orchards for

other pests, was the only object in view as a control at the same
time for the pear leaf-worm.

In the control table (Table XVI) the experiments with tree No. 3

and tree No. 7, in which a contact spray was used containing

fish-oil soap and extract of nicotine, indicate a comparatively small

percentage of mortality compared to that in which the material con-

tained in adchtion arsenate of lead, as in the experiment with tree

No. 2. But it must be mentioned that in the case both of tree No.

3 and of tree No. 7, the absence of larvae on leaves with holes when
the count was taken was very conspicuous and the larvae that sur-

vived were all large.

A contact spray, whether with or without the addition of dis-

tillate oil, is a mechanical emulsion or mixture, which, to be effective,

requires application with greater pressure than does a poison spray.

Because of this, the liquid strikes the leaves with enough force to

dislodge many of the worms, which drop to the ground, where death

ensues, caused by the spray adhering to them.

The addition of fish-oil soap to a mixture of water and nicotine

extract increases the efficiency of the spray by imparting to the

liquid more penetration and better spreading and adhering properties.
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WASHINGTON EXPERIMENTS.

In Washington State, where the pear thrips is not to be considered,

lead arsenate would appear to be the only logical insecticide to

be used against the pear leaf-worm. It is less expensive than extract

of tobacco sprays, and easier to mix than oil sprays; besides, the

lead arsenate can serve a double purpose—that of controUing this

worm and, at thesame time, the codling moth. The first apphcation of

lead arsenate for the control of the latter is made when the petals of

the pear blossom drop, and at this time the larvae of the sawfly have

reached the second instar. The injury done previous to this is

neghgible ; it is only during the last two instars that the larvae cause

serious injury to the foliage.

Mr. Zimmerman, in whose orchard the worst infestation occurred,

used lead arsenate at the rate of 4 pounds to 100 gallons of water

against the pear leaf-worm with excellent results, both in 1914 and in

1915. The first year there was a very severe infestation of larvae

and the apphcation was made May 16, at the same time that the first

codling-moth spray was applied to apples; this was too late for the

pears, as the larvae already had devoured as much as a third of many
of the leaves. However, it saved most of the trees from a severe

defoliation, as is shown in Plate II, which pictures a tree of which

the left half was sprayed while the right half was left unsprayed, the

photograph having been taken on May 21,5 days after the trees were

sprayed. The difference was very marked. No definite coimt was
made, but on the sprayed trees scarcely any living larvae could

be found, while many limp and blackened remains were hanging

from the partially eaten leaves. In the unsprayed portion of the

tree just mentioned, which served as a check, larvae were numerous,

and large numbers of them were dropping to the ground to spin their

cocoons.

In 1915 the infestation was not so severe, owing to the control

measures of the year before. The orchard was sprayed on May 6,

earlier than in 1914. Lead arsenate was used at the same strength

as before, that is, 4 pounds to 100 gallons of water. This applica-

tion effectually checked the ravages of the larvae, and the trees suffered

very little injury.

In 1915 a small experiment was performed with nicotine sul-

phate, 40 per cent concentration. Infested twigs wore placed in

water and sprayed with a hand pump. April 27 a twig with 10 second-

instar larvae was sprayed with the nicotine sulphate at the rate of

1 to 1,200, with the addition of a little fish-oil soap. On April 28

the twig was examined and all the larvae found dead. The larvae

on a check twig were still alive. On this date a similar twig was
sprayed in the same way, except that the nicotine sulphate was-
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diluted to 1 to 2,000. This time the check twig was sprayed with

clear water. An examination on April 29 showed that all the larvse

sprayed with nicotine were dead, while those sprayed with water

were ahve.

Control by cultivation is not successful. The Washington orchard

in which the spraying was done was kept well cultivated all summer,

the soil being in a finely pulverized condition and a dust mulch being

maintained for the conservation of moisture. The orchard had been

kept in this condition for several years. The cultivation evidently,

as a measure of control, had but little effect on the cocoons in the

soil. Many of the cocoons are located too near the trunk of the

tree to be susceptible of mechanical injury by the teeth of the culti-

vator, but aside from this they are tough and resist rough treatment,

and moisture seems to be an indifferent agent, as indicated in Table

I (p. 7), pertaining to moisture conditions.

SUMMARY.

The pear leaf-worm (Gymnonychus califomicus Marlatt), so far as

is known, is a native of the Pacific coast.

Its original host is probably some one or more wild species of plants

related to the pear, such as the service berry (Amelanchier), thorn

apple (Crataegus) , or mountain ash (Sorbus) . As to cultivated plants,

its selection of food is restricted to the different varieties of pears.

There is only one generation each year. The adult or parent saw-

flies issue in March and April, the female sex greatly predominating.

Eggs are inserted into the pear leaves, the resultant larvas or worms
feeding upon the fohage for an average period of 3 weeks. The
larvse may be found on the leaves during April and May, and in

Washington the season is perhaps 10 days or 2 weeks later than in

California. Upon acquiring full growth the l^arvse drop to the ground

and bury themselves in the topmost inch of soil (a few go as deep as 3

or 4 mches) and weave around themselves a brown, oval, tough cocoon

in which the insect remains for slightly over 10 months, at first as

larva and later for a period of 2 or 3 weeks as a pupa. At the end

of the pupal stage the adult issues from the cocoon and comes forth

from the ground, and thus the cycle is completed.

Injury is confined to the fohage of the hosts and is done almost

entirely by the larva or worm, the presence of which is readily

detected by the characteristic circular holes it eats in the leaves.

Generally it is of shght economic importance, but in cases of severe

attacks trees have been defohated and have suffered badly.

What few natural enemies the insect has are quite unable to control

it. Artificial remedies are correlative with those used against the cod-

ling moth and also against the pear-thrips larva, and these are

respectively as follows

:
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Poison spray.—Four pounds lead arsenate to 100 gallons water.

Contact spray.—Fish-oil soap 4 pounds; water 100 gallons; nico-

tine sulphate (40 per cent concentrate) 1 to 1,200; also the Govern-

ment formula of distillate-oil emulsion and sulphate of nicotine.^

In cases of ordinary infestation the contact spray such as is used

for thrips larvse or aphids will prove successful in controlling the larva

of the pear leaf-worm. When the infestation is severe and promises

the defohation of limbs or whole trees the poison spray should be
used. Tlie best time for apphcation is when the largest larvae are

about half grown and when the holes in the leaves are not larger

than one-half inch in diameter. At this time nearly all the eggs have

hatched.
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INTRODUCTION.

The soy bean, although a plant of ancient cultivation in China,

Chosen (Korea), and Japan, has become of special importance in the

world's commerce only within recent years. In extent of uses and
value it is the most important legume grown in Asiatic countries.

In these countries the soy bean is used to a very considerable extent

for human food, the beans being prepared in various ways. As the

bean contains a valuable oil, large quantities are utilized by first

extracting the oil and then using the cake for stock feed and as a

fertilizer.

Previous to the Russian-Japanese war, China and Japan were not

only the greatest producers but also the greatest consumers of the

soy b(mn and its manufactured products. About 1908 the first large

importations of beans were received in Europe and America from
Manchurian ports. The beans were utilized by extracting the oil,

which was found valuable for various industrial purposes, leaving

the bean cake as a stock feed. As the value of the oil and cake came
to be recogniz<»d, new us(^s and markets were found, and the trade in

soy beans became one of great importance, until now it has assumed

Note.—ThI.s bullRtln Is Intended for gonnral di.striljutlon In the Southern Hlatfts, wlioro it will 1)0 of

special Interest to farmers and col ton-oil inlllmon. It will also bo of Interest to farmers of the Northern
and Tcnlral states and to manufafturcr.s of .soy-l)ean foixl products.

57167'— Bull. 43»—IC 1
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such large proportions that the soy bean has become an important

competitor of other oil seeds.

As early as December, 1915, several American cotton-oil mills had
turned to the soy bean as a source of oil and meal on account of the

scarcity and high price of cottonseed.^ Other manufacturers are pre-

paringsoy-bean products forhuman food. This utilization of American-

grown beans for the manufacture of oil, cake, and other products will

undoubtedly greatly stimulate the culture of the crop, which until now
has been grown in the United States primarily for forage.

Fig. 1.—A fleet of junks engaged in carrying soy beans to Newchwang, Manchuria, from different points

in the interior, taking away bean oil and bean cake to other places. (Photographed by F. N. Meyer.)

SOY BEANS IN MANCHURIA.

The soy bean is grown in nearly all parts of Manchuria where

agriculture is conducted except in the extreme north. The beans,

together with their products—bean cake and oil—form the chief

exports (fig. 1). The soy bean is always rehed upon by the Man-
churian farmer as a cash crop and constitutes a staple product of

Manchurian agriculture.

The conditions under which the soy bean thrives are said to be

far more varied in Manchuria than in the United States. It is grown

1 The average market price of cottonseed in the cotton-producing States during the past three years is

shownby the following figures, furnished by the Bureau of Crop Estimates: September 15, 1914, $13.88

per ton; September 15, 1915, S20.98 per ton; September 15, 1916, S41.13 per toi;i.
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successfully in semiarid regions, in valleys subject to floods in the

rainy season, and in northern latitudes similar to the Dakotas and

^Minnesota.

In Manchuria the beans are almost entirely produced by hand
methods. The seed is usually planted in April in rows 17 inches

apart, the plants about 2 inches apart in the rows. In some districts,

however, the beans are planted in 24-inch rows, allowing about 7

plants to the foot. The harvest takes place in September, the plants

commonly being pulled before they are quite mature, to avoid

shattering the pods. The thrashing of the seed is usually accom-

phshed with a stone roller or by trampling, and the winnowmg by
throwing the beans against the wind.

The beans are bought by Chinese merchants and stored at rail-

way stations. No grading is attempted, the stored beans being of

all varieties and mixed more or less with sand and trash. The
exporters buy the beans from these merchants simply by weight,

but before shipment the beans are sorted.

As to the yields obtained by the Manchurian farmer, there is con-

siderable variation in the figures given by different authorities.

Bean experts estimate the yield from 1,100 to 1,600 pounds to the

acre, commercial authorities from 1,600 to 1,800 pounds, and Jap-

anese agricultural experts from 400 to 2,000 pounds. In the best

bean-producing districts the average yield is said to be more than

1,800 pounds. No reliable statistics as to the cost of production

are available, but according to data secured from bean growers the

approximate cost per acre is placed at $4.42.

Previous to the Russian-Japanese war soy beans and their prod-

ucts were exported almost entirely to Asiatic countries, Japan being

the principal consumer. During the war the local demand greatly

increased the production of the crop throughout Manchuria. After

the withdrawal of the troops, however, it became necessary to find

new markets for the surplus beans. Trial shipments were made
about 1908 by Japanese firms to several English oil mills. The
suitability of the seed for oil and cake was quickly recognized, and
orders for large consignments were made. The bean trade grew
rapidly and extended to other Eui-opoan countries and to America.

The (!xports of beans from Manchurian ports have increased and
large quantities of oil and cake are exported annually, as shown in

Tabh^ 1.

The ports of Antung, Daircn, and Newchwang are tlie principal

cent(!rs of exports from soutlu^m Manchuria. Table I sliows the

exports of Ix^ans, bean cak(^, and bean oil ])assing through thdse ports

for the years 1909 to lOl.'i, inclusive. Jieans from North Manchuria

are exportcnl chi(;fly through Vladivostok, the (ixpoi't figun^s for

beans for the years 1912 and 191:^ amounting to 838,451 tons and
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391,410 tons, respectively. Adding these quantities to the exports

of South Manchuria gives 654,705 tons for 1912 and 599,278 tons

for 1913, which may be taken as representing the total exports of

beans from Manchuria for these two years.

Table I.

—

Exports of soy beans, bean cake, and bean oil from the principal ports of
South Manchuria, 1909 to 1913, inclusive.'^

Exports and ports. 1909 1910 1911 1912 1913

Soy beans: Tons.
1, 643.

4

512,469.0
237, 020. 6

Tons.
136.1

359,665.3
174, 562. 7

Tons.
4,591.5

268, 732.

4

154, 187.

3

Tons.
3, 639.

8

182,628.6
129,985.1

Tons.
5 225 6

169 300.8
Newchwang 105,341.8

Total 751,133.0 534,364.1 427,511.2 316, 253. 5 279,868.2

Bean cake:
16, 349.

6

318, 825.

5

356, 499.

4

12,054.0
277,423.7
327,098.5

33, 166. 5

463,546.2
386, 599.

1

40,111.1
3^8, 722. 7

282,877.9

42,322.2
566 135 7
298 364

Total 691, 674. 5 616,576.2 883, 311.

8

701,711.7 906 821 9

Bean oil:

92.7
10, 850.

3

37, 875. 2

149.6
18,753.2
21,356.2

365.7
33,729.7
28, 039.

1

558.4
37, 466. 7

21, 826. 2

192.1
43,392.3
20 752 9

Total 48, 818. 2 40,259.0 62, 134. 5 59, 851.

3

64,337.3

1 Compiled from I . S. Dept. Com., Daily Cons, and Trade Rpts., No. 115, p. 922, May 16, 1914. (Hanson,
G. C. Manchuria's soya-bean trade.)

SOY BEANS IN JAPAN.

The soy bean is cultivated quite extensively throughout the

Empire of Japan and occupies about 3.8 per cent of the total area

devoted to the cultivation of rice and other cereals. In many dis-

tricts it is cultivated not in fields by itself, but in rows along the edges

of rice and wheat fields. Although not grown to any considerable

extent as a main crop by the Japanese farmer, the average annual

production is about 18,000,000 bushels. In quality the beans

raised in Japan are said to be superior to those of Manchuria and
Chosen and are used exclusively in the manufacture of food products.

The imported beans, of which very large quantities are obtained

from Manchuria and other Asiatic countries, are used principally

in the manufacture of bean cake and oil.

The methods of culture of this crop, though varying slightly in

different provinces, are quite similar to those employed in Manchuria.

The average yield of soy beans to the acre for the last 10 years is

15.3 bushels. The highest average yield recorded is 21.6 bushels

to the acre, while the lowest average yield is 8.48 bushels. Accurate

data as to the cost of production are not available, but estimates

made by Japanese agricultural experts place it at about $10 per

acre exclusive of taxes. The average market price in Japan for

home-grown beans is about $1 a bushel, while for imported beans

it is about 70 cents a bushel.
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The soy bean forms one of the most important articles of food in

Japan. It is one of the principal ingredients in the manufacture of

shoyu (soy sauce), miso (bean cheese), tofu (bean curd), and natto

(steamed beans). The beans are eaten also as a vegetable and in

soups; sometimes they are picked green, boiled, and served cold with

soy sauce, and sometimes as a salad. A "vegetable milk" is also

produced from the soy bean, forming the basis for the manufacture

of the different kinds of vegetable cheese. This milk is used fresh,

and a form of condensed milk is manufactured from it. All of these

foodstuffs are used daily in Japanese homes and for the poorer

classes are the principal source of protein. To a limited extent,

soy beans are used as a horse or cattle feed, being sometimes boiled

and mixed with straw, barley, and bran.

Table II shows the exports of soy beans and bean oil from Japan dur-

ing 1913 and 1914. Prior to 1914 soy beans were not listed separately.

Table II.

—

Quantity and value of exports of soy beans and soy-bean oil from Japan to

foreign countries, 1913 and 1914-^

Soy beans. Soy-bean oil.

Country of destination. 1914 1913 1914

Quantity. Value. Quantity. Value. Quantity. Value.

China
Pminds.

62, 820
589

$1,372
21

Pounds.
220, 155

214,491
73, 890

66
69,057

658,393

SI 1,328
11,570
3,907

3

3,405
34, 386

Pounds.
184, 104

1,019,854
SIO, 198
48,687United Kingdom

Germany 10,979
333, 735
365,478

588
Belgium 16,573

19,393United States 421,011
203,560
246, 175

18, 070
20, 967

10, 125

5,296
4,540

475
504

British America 56,218
587, 413

3,234
30, 101

69,652
120,240
274,080

3 196
Australia 748

18,542

Total 97.3, 192 22, 333 1,879,683 97,934 2,378,122 117,925

' Compiled from Annual Return of the Foreign Trade of the Empire of Japan, 1914.

As previously stated, Japan has been a large consumer of soy

beans and soy-bean products from Manchuria, the greater part of

the beans being used in the manufacture of oil and cake. The im-

ports from Dairen, Manchuria, the principal port through which
beans and bean products are exported to Japan, are shown for the

years 1911 to 1914, inclusive, in Table TIL

Taiu.k III .— (^iianlily of hnvorls of soy hcarui, soy-bean cake, and soy-bean oil from
Dairen, Manchuria, info Japan, 1911 to 1914, inclusive.^

Product.

Soy bean.*!

Hoy-bean fake.
Soy-bean oil...

1911

Tonx.
162, 703
357, 362

«, 340

1012

Tom.
103,416
357, 752
10, MSi)

1013

Tons.
90,651

492, 9H5

3,964

Tom.
1.39, 222
447,080

4,107

' Cknnplledfrom Dairen Wharf Olllce Returm, 1011-1914.
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SOY BEANS IN EUROPE.

The soy bean was first introduced into Europe about 1790 and
was grown for a great number of years without attracting any atten-

tion as a plant of much economic importance. In 1875 Professor

Haberlandt, of Vienna, began an extensive series of experiments

with this crop and strongly urged its use as a food plant for man and
animals. Although interest was increased in its cultivation during

the experiments, the soy bean failed to become of any great im-

portance in Europe. At the present time it is cultivated only to a

limited extent in Germany, southern Russia, France, and Italy.

Attempts have been made at various times to introduce the soy

bean and its products into European markets in competition with

manufactures from other oil seeds. Owing to the inferior quality

of the beans and cake received, these efforts were generally unsuc-

cessful. About 1908, the first large trial shipment of beans was
made to England. As these were received in much better condition

than those of previous shipments, the results obtained were so

satisfactory that, in 1909, 412,757 tons, in 1910, 442,669 tons, and
in 1911, 321,940 tons were imported by European oil mills.

Nearly all of the first large importations of beans were taken by
England, where many of the large oil mills devoted their plants en-

tirely to the crushing of soy beans. At this time impetus was given

to the manufacture of soy-bean products by a shortage of cottonseed

and linseed in England^ so the soy bean found a ready market.

Several English firms manufacturing oil-seed cake conducted a

series of tests, successfully demonstrating the utilization of the cake,

meal, and oil of the soy bean. The cake or meal was soon recognized

as a valuable stock feed in the dairy countries, such as Holland and
Denmark, where large quantities of oil-seed products are used. The
oil was found useful for many trade purposes. The oil and cake

were offered at prices which made soy-bean products strong com-
petitors of cottonseed manufactures.

The utilization of the soy bean as an oil seed extended rapidly to

the continental countries, and the importations of beans from Man-
churia soon reached enormous proportions. That the soy bean and
its products have become fully established on the European market

is shown in Table IV.
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-Quantity and value of imports of soy beans, bean cake, and bean oil by

European countries, 1912 to 1914, inclusive. ^

Product and countrj-.

1912 1913 1914

Quantity. Value. Quantity. Value. Quantity. Value.

Soy beans:
United Kingdom

Tons.
188, 760
96. 068
42:373

695
1,625

412

$7, 630, 477

3, 974, 837-

1,592,690
30, 250
61,095
14, 035

Tons.
76, 452

107, 504

27, 119

267, 036
6,438
4,425

34,318

,13,093,863
3,974,838
1,019,317
6,461,739

199, 684

115,975
918, 008

Tom.
71, 161

12,843
19,308

$2, 886, 759
Germany 480, 401

725, 721

1,002
8,187

37,564
357, 434

Total 329,933 13,303,384 523, 292 15, 783, 424 112,501 4,487,879

Soy-bean cake:
Netherlands 23, 852

7,080
2,059
7,620
4,051
1,952

836, 269
252, 912
72, 13G

252, 834

139, 391

69,367

7,230
3,260
21,969
15,490
2,695

400

250, 459
111,015
396,944
520, 857
91,714
14,016

1,235
1,201

195

4,964
989
230

43,964
Germany 41,258
Russia 6,507
Denmark 164, 332
Sweden 33, 394

7,903

Total 46,614 1,622,909 51,044 1,385,005 8,814 297,358

Soy-bean oil:

Netherlands 4,558
2,083
2,252
1,116
617

10,902
1,693

250, 422
278,569
356, 006
154, 434

99, 797

1,450,134
249, 486

2,828
363

4,642
578

1,314
3,090

83
5,150

95

154,691
45, 389
735,490
78, 491

206,078
396, 032
11,397

508, 076
11,570

10,015
137

5,830
313

1,395
2,459

208

547, 820
Rplfinm 16, 957
Italy 953,403

41, 867
Austria 224,565

296, 966
France 26, 917

United Kingdom 455 48,687

Total 23, 221 2, 838, 848 18, 143 2,147,214 20,812 2,157,182

' Compiled from Koninkryk der Nederlanden, Statistiek van den in-, uit- en doorvoer; Aimual Statement
of the Trade of the United Kingdom with Foreign Countries and British Possessions; Statistik des
Deutschen Reichs, Auswartiger Handel.

SOY BEANS IN THE UNITED STATES.

Although the soy bean was mentioned as early as 1804 ^ it is only

within recent years that it has become a crop of importance in the

United States. At the present time the soy bean is most largely

grown for forage. In a few sections, such as eastern North Carolina,

however, a very profitable industry has developed from the growing

of seed. The large yield of seed, the ease of growing and harvesting

the crop, the value of the beans for both human and animal food, and
the value of the oil all tend to give this crop a high potential im-

portance and assure its greater agricultural development in America.

Tiif soy })f'Hn can be grown successfully on nearly all types of soil

and has abf)ut the same range of climatic a(hi,ptation as varieties of

corn. The cotton belt and the southern part of tlic! corn belt are most
favorably sifuulcfl for th(^ production of seed of this crop (fig. 2).

The yields of seed to the acre in various sections of the United Stat(^s

rangf! from about 1 5 bushels in the Northern States to about 40 bushels

in tlu; northern half of the cotton belt. The average yield in eastern

• Wllllch, .\. V. M. AmrTlciin F,nfyclope<llii, 1st Amer. e<l., v. r,, p. 13. I'liilmlolpliiu, isoi.
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North Carolina is about 25 bushels, although many fields produce 35

bushels or more to the acre.

The growing and handling of soy beans are accomplished almost

entirely by machinery in this country, the ordinary farm equipment
meeting all the requirements of this crop. In large bean-growing

districts, special harvesters for gathering the seed in the field are

used quite successfully. The cost of production varies from $7.50 to

$12 per acre, depending on the methods employed in growing and

handling the crop. The market price per bushel of seed for sowing

purposes varies in different sections, ranging from $1 in large seed-

producing sections of the South to $2 or $3 a bushel in the Central

and Middle States.

Fig. 2.—Outline map of the United States, showing by double hatching the area to which the soy bean

is especially adapted for growing for oil production. The area where the soy bean is less certain of profit-

able production for oil purposes is shown by single lines.

The first extensive work in the United States with the soy bean

as an oil seed was entered upon about 1910 by an oil miU on the

Pacific coast. The beans, containing from 15 to 19 per cent of oil,

were imported from Manchuria, and the importations, most of

which are used in the manufacture of oil and cake, have gradually

increased, as shown in Table V. The oil was extracted with hydraulic

presses, using the same methods employed with cottonseed and

linseed. It found a ready market, as a good demand had been

created for this product by soap and paint manufacturers, which

up to this time had been supplied by importation from Asiatic

countries and England. The soy cake, ground into meal, was
placed on the market under a trade name and was soon recognized

as a valuable feed by dairymen and poultrymen. The use of the
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cake has been confined almost wholly to the Western States, owing

principallj to the high cost of transportation.

During the last few years efforts have been made at various times

to interest the cotton-oil mills of the South in the utilization of

Am eri ci^u-gro\vn soy beans as an oil seed, and experiments were

made by a few mills. No extensive work was entered upon until

the latter part of 1915. A shortage of cottonseed in the South and

a surplus of soy-bean seed in eastern North Carolina led to an increased

interest in the possibilities of this crop. Several cotton-oil mills in

North Carolina, after preliminary tests, entered upon an extensive

production of soy-bean oil and meal. This is the first large manu-
facture of soy-bean products from Ainerican-grown seed. Several

cotton-oil mills at the present time are taking an active part in the.

development of this new industry with American-grown beans^

With seed at $1 a bushel and the present prices received for oil and
cake, the mills have found it profitable for them to express the oil,.

An industry which promises to be of importance in a further'

utilization of the soy bean is the manufacture of ''vegetable milk.'*

At the present time a factory in New York State is being equipped
for this purpose. The development of this new enterprise will

depend primarily upon the demand created among different indus-

tries not only for the milk, but for the flour or meal remaining after

the milk is manufactured, which is valuable either as stock feed or

for human consumption.

Table V shows the imports of soy beans, bean cake, and bean oil

into the United States during the last six years. Prior to 1914
soy beans were not classified separately in the customs returns.

Table Y.—Quantity and value of imports of soy beans, soy-bean cake, and soy-bean oil
into the United States, 1910 to 1915, inclusive.^

Year

Soy beans. Soy-bean cake. Soy-bean oil.

Quantity. Value. Quantity. Value. Quantity. Value.

' Pounds.
1910

Pounds. Pounds.
Not stated.

41,105,920
28, 019, .500

12,310,18.')

10,300,452
19, 200, 521

81,019,842
2,5,55,707

1, 570, 968
035, 882
8X0, 790
899,819'

1911 «- 2,115,422
('2,410,0,52

7, 004, 803

3,103,200
5,975,592

«.59,02G

04,3.50

93,002
38, 255
()4,307

1912
1913
1914 1,92?), 435

3,8.37,805
$49, .507

87,3001915.

a Compilfd from Dept. Com., Uur. For, and Dom. Com. For. (;om. and Nav. U. S. 1910-1915.
t> Include!) Ixsin (,"ake. or lioan stick, miso, or similar products, with duty, 40 per cent.

MFCTHODS OF OIL EXTRACTION.

TIm! inti-odijclion of ilic soy bean into llie West(vni Wcn'ld for oil

purpoH(^s has not made any changes necessary in the equipment of

the mod(!m oil mills. The methods used in the extraction of oil fi*om

57167*'—Bull. 439—16 2
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the soy bean are similar to those employed with other oil seeds, such

as cottonseed and linseed.

In Manchuria the manufacture of oil and oil cake is not confined

to large centers, as every small center of bean production has its

native mill. The method of extracting oil in these native mills is

decidedly primitive. The beans are first crushed beneath a mill-

stone and then steamed for about 15 minutes. The resultant mass

is spread out and placed in circular iron frames, about 6 inches deep.

Five of these frames are placed one above another in a vertical press,

consisting of four uprights, with crossbeams at the top and bottom.

Pressure is apphed by means of wedges driven in between the cross-

FiG. 3.- Coolies at Newchwang, Manchuria, engaged in carrying loads of soy beans from the junks to big

stacks, where they are kept until the factory needs them for oil manufacture. (Photographed by F. N.

Meyer.)

beams and beams placed on top of the frames, and the oil is thus

expressed. During the last few years large bean mills equipped with

modern machinery have been erected, and these are able to extract

3 or 4 per cent more oil (fig. 3). In these large bean mills only about

one-half the oil is extracted by the usual process; that is, by crushing

the beans, steamhig them, and using hydrauhc pressure.

A solvent process of extraction, involving the use of benzine, has

recently come into use in several Enghsh miUs, and three such miUs

are in operation in Manchuria and Japan. The seeds are first finely

crushed and then treated directly by the fat solvent. The oil is

then taken out of the fat solvent by evaporating the latter, which

is distilled and used over again. The residue is weU dried and then

ground into a fine meal, which is said to contain no detectable trace
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of the solvent. By this process, nearly all of the oil is extracted, the

meal containing only about 1.5 per cent of oil, and 43 to 45 per cent

of protein. It is contended that by the solvent process more oil

of a better quahty is extracted from the beans and the resultant meal

is better suited for flour or fertilizer, as it contains less oil. A solvent-

process miU recently erected in Manchuria has a maximum capacity

of 80 tons of beans every 24 hours. However, only 50 tons of beans

were crushed daily, producing 7 tons of oil and 40 tons of meal, the

3 tons which were lost consisting of moisture, dust, and dirt.

In the United States two methods of oil extraction—the hydraulic

and the expeUer processes—^are used by the oil mOls. Analyses of cake

produced by these methods show about 9 per cent of oil by the hy-

draulic method and from 4 to 6 per cent by the expeUer method.

While the cost of producmg oil and cake with either process is less

with the soy bean than with cottonseed, the cost is much less with

the expeller process and a greater amount of oil is extracted. Exten-

sive tests with domestic beans mdicate that 1 ton of seed will yield

by the expeUer process an average of 30 gallons of oil and 1,600

pounds of meal, the difference (about 175 pounds) representing the

loss due to cleanmg and the evaporation of moisture driven off after

the beans have been crushed and heated. The amount of moisture

contained in the seeds appears to be a matter of importance in

Manchuria, not only for the dealer shipping the beans but also for

the mill o\vner. It has been estimated that 48 pounds of the 1913-14

Manchurian crop yielded 4.7 pounds of oil, while only 4.1 pounds
could be expressed from the same quantity of the 1914-15 crop.

SOY-BEAN MEAL AS HUMAN FOOD.

The meal remaining after the oil is extracted from Mammoth soy

beans is bright yellow in color when fresh and has a sweet, nutty

flavor. The use of the meal as flour for human food has become an

important factor in several European countries during the last few

years and to some extent in America as a food of low starch content.

Soy beans contain at the most but a slight trace of starch, and exten-

sive experiments in ^Vmerica and Europe indicate the value of the

hesin and its products as the basis of foods for persons requiring a

low starch diet.

In Englanfl, manufacturers have placed on the market a so-called

"soya flour," which is 25 per cent soy-bean meal and 75 per cent

wheat flour. This soya flour is being used by bakers in rnaking a

soy bread which is very palatable and may be found on the market.

A similar product ha.s been manufac^turod in Amsterdam for 25

years. "Soya biscuits" are also maDufactured from tliis Hour and

constitute an article of expijrt from England.
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German millers have been experimenting to some extent with soy

meal in making brown bread by mixing with rye flour. As to the

extent to which this bread is now used, no data are available, but

it is known that soy meal, on account of the large proportion of

protein and phosphates it contains, as well as the palatable products

made from it, is gaining in popularity. Soy-bean flour enters largely

as a constituent in many of the so-called diabetic breads, biscuits,

and crackers manufactured as food sj)eciaities.

As a human food, soy-bean flour has been used principally in the

United States as a special article of diet and is sold by a nimaber

of food companies manufacturing special foods. Extensive tests are

being conducted by the United States Department of Agriculture

with soy-bean flour in the making of bread. ^ The flour or meal can

be successfully used as a constituent for muffins, bread, and biscuits

in much the same way as corn meal. In these various food products

about one-fourth soy flour and three-fourths wheat flour have been

found to be the proper proportions. When a special food of low

starch content is desii'ed, as for diabetic persons, a larger proportion

of soy flour is used and some form of gluten is substituted for the

wheat flour. The addition of the soy flour changes the proportion

of protein and carbohydrates in the mixture, as will be noted from
the composition of flours shown in Table VI.

Table VI.

—

Composition of soy-bean flour in comparison with wheat flour, corn meal,
rye flour, Graham flour, and whole-wheat flour

?

Kind of flour or meal.

Constituents (per cent).

Water. Ash. Fat. Fiber. Protein.

6.14 5.24 20.71 1.72 39.56
6.10 6.20 4.50 2.05 47.30

12.00 .45 1.00 .20 11.00
10.00 .90 2.70 .80 8.50
9.00 1.10 1.50 .65 12.00
9.60 1.80 2.20 1.90 12.60
10.90 1.05 2.00 1.00 12.00

Carbo-
hydrates.

Soy bean i
. .

.

Soy bean 2...
Wheat
Corn meal . .

.

Rye
Graham
Whole wheat

26.63
33.85
75.35
77.10
75.85
71.90
73.05

1 Flour made from the whole sov bean. 2 Flour made from sov-bean cake.'

Although soy-bean milk has been used in both the fresh and the

condensed form and in the manufacture of cheese in Japan and
China for centuries, it only recently has been considered of possible

importance in the United States. Soy-bean milk, owing to its food

value and for sanitary reasons, is said to be of the greatest importance

for cooking purposes and can be used by bakers, confectioners, and
chocolate manufacturers. In Asiatic countries the whole bean is.

1 Attention has been given to the food value of soy beans in connection with studies carried on by the

Office of Home Economics. See U. S. Dept. Agr., Farmers' Buls. 58 and 121 and Office Expt. Stas.

Bui. 159.

2 Reported by the Bureau of Chemistry.
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utilized in the manufacture of the milk, but quite recently it has

been discovered that soy-bean meal, after the oil is extracted, is fully

as useful for milk purposes as the whole bean.

If the milk from the soy bean is used in the manufacture of products

as a substitute for milk, the labels of such products should indicate

that the substitution has been made ; otherwise it would constitute

adulteration under the food and drugs act.

In addition to its uses for flour and milk, the soy bean can be

prepared as human food in numerous ways. The green bean, when
from three-fourths to full grown, has been found to compare favorably

with the butter or Lima bean. The dried beans may be used in the

same way as the field or navy bean in baking or in soups. When
prepared in either of these ways the dried beans require a somewhat
longer soaking and cooking. The soy bean has been utilized not only

in the United States but in European countries as a substitute for the

coffee bean. When roasted and prepared, it makes an excellent sub-

stitute for coffee. In Asia the dried beans, especially the green-seeded

varieties, are soaked in salt water and then roasted, this product

being eaten after the manner of roasted peanuts.

SOY-BEAN MEAL AS STOCK FEED.

Soy-bean meal, in addition to its use as a fertilizer, is also used as

stock feed. In Manchuria the cake or meal, mixed with bran and
kaoliang stalks, is used as feed for horses and mules, but only when
very hard work is done. It is also recognized in Japan as a valuable

feed for work animals and as a fattening feed for stock not employed
in farm work.

In Europe soy-bean cake ground into meal is used almost entirely

for feeding cattle, and the low price in comparison with other con-

centrated feeds has made it very popular. Some hesitation was
shown in the dairy countries of Europe when the meal was first

introduced, as it was feared that the taste of the butter might be
affected by feeding the meal to cows. However, experiments in these

countries proved the fear groundless, and the demand for the meal
increased steadily. Tlie use of soy-bean meal in America is confined

at the present time almost entirely to the Pacific States. It is con-

sidered a valuable feed not only by dairymen })ut also by poultrymen.

Practical experience, supplemented by carefully conducted experi-

ments in tlie United States and European countries, indicates tlie

high fe(!(ling v-alue of soy-bean meal for aU kinds of farm stock.

The Mfissachusetts (Hatch) Agricultural Experiment Station con-

ducted a series of t(!st3 comparing soy-bean meal with cottonseed

meal for feeding dairy cows. It was found that although soy-bean
meal imparts a noticeable softness to }mttor, the cottonseed butter

WHS d(!cidedly hdonov in color, flavor, and texture. Doubtless a



14 BULLETIN 439^ TJ. S. DEPAETMENT OF AGEICULTUEE.

mixture of these meals in proper proportions would tend to produce a

butter of the proper consistency. The value of soy-bean meal for

producing meat, milk, and butter is well established. It is one of the

cheapest of the highly nitrogenous feeding stuffs and is therefore

one of the most economical for balancing rations deficient in nitrogen.

Table VII shows the prices per short ton of soy-bean cake in com-
parison with other oil cakes which enter largely into the feeding

rations of cattle in European countries.

Table VII.-

—

Value per short ton of soy-bean cahe and other oil calrs in the principal
European countries.

[From U. S. Department of Commerce, Special Agent Series No. 84.]

Kind of meal. Germany. United
Klingdom.

Nether-
lands.

Denmark. Sweden.

Cottonseed, American
Soy bean
Linseed, pressed ,

Peanut, Rufisque

S35. 60
32.70
32.20
36.60

S35. 85 $39. 00

31.75
36.10

$36. 23
33.80
33.50
35.00

$37. 05
34.55
33.40
35.25

Alleged injurious effects from feeding soy-bean products have been
reported to some extent in the United States and Europe, and their

cause has been the subject of careful investigation. As yet, however,

no proof is to be had of soy beans or their products causing any
injurious effects. Owing to its high content of protein, the meal

should be used with the same precautions as are observed with other

highly concentrated feeds, to avoid digestive troubles.

Table VIII gives analyses of soy-bean meal compared with similar

concentrated feeds. As regards digestibility, soy-bean meal com-
pares very favorably with other oil meals.

Table VIII.

—

Analyses of soy-bean meal and other important oil meals}

Constituents (per cent).

Kind of meal.

Moisture. Protein. Fat.
Nitrogen-

free

extract.
Ash. Fiber.

Sov bean 7.59
6.62
8.98
9.63
10.73
7.68

44. 65
40.29
33.23
37.51
46.84
23.80

8.77
7.41
7.20
2.49
7.91
7.94

27.12
28. 63
36.51
36.09
24.34
27.49

5.89
6.21
5.40
5.54
4.89
5.03

5.96
10.84

Linseed (old process) 8.68
8.74

Peanut (decorticated). 5.29
Sunflower seed 28.06

1 Average analyses as reported by the Cattle Food and Grain Investigations Laboratory, Bureau of

Chemistry.

SOY-BEAN MEAL AS A FERTILIZER.

The utihzation of soy-bean meal for fertilizing purposes has been

confined almost entirely to Asiatic countries. For centuries bean

cake has been sent to the sugar plantations of southern China, and

its use gradually spread to the plantations in Java and other tropical



THE SOY BEAN FOR OIL AND OTHEE PRODUCTS. 15

islands. Tlie high fertiUzing value of the cake has long been recog-

nized by the Japanese, who import large quantities annually for use

in the rice fields and as an alternative manure for mulberry trees. In

Manchuria large amounts of cake are used annually in soils of low

fertihty for both field and garden crops.

Although large quantities of soy-bean cake have been imported

into the United States during the last few years, there is no mention

of its use in the manufacture of commercial fertilizers. With the

recent production in the Southern States of bean cake and oil from

southern-grown beans, fertilizer manufacturers have become inter-

ested in the possibihties of the meal and have purchased consider-

able quantities for this purpose.

Like cottonseed meal, soy-bean meal contains considerable amounts
of phosphoric acid and potash, a large proportion of which is "avail-

able," but it is principally valued in fertilizers as a source of nitrogen.

If the price is determined on the same basis as that used in calculat-

ing the fertiUzing value of cottonseed meal, the soy-bean meal is a

more ^^aluable product. Its composition with reference to fertilizing

constituents and a comparison with cottonseed meal are shown in

Table IX.

T.-VBLE IX.

—

Fertilizing constituents of soy beans, soy-bean meal, and cottonseed meal.

Source of dota.

Constituents (per cent).

Crop or product.
Nitro-
gen.

Am-
monia.

Phos-
phoric
acid.

Potash.

Soy beans Rnrpiin of Chp.misixy 6.51
6.77

7.24

7.72

7.90
8.23

8.79

9 .^7

1.36
1.33

1.44

1.36
2.88

1.82
Soy-bean c-ake

Soy-bean meal i

Soy-bean meal »

Cottonseed meal

New South Wales Department of
.'Vgriculture.

Elizabeth City Cotton Oil Mills,

North Carolina.
. .do

2.00

1.85

1.82
6. 79 8. 24 1.77

' From seed grown in 1914. 2 From seed grown in 1915.

While soy-bean meal, as shown in Table IX, has a high value as a

fertilizing material, a more economical practice would be to feed the

rneul to stock and apply the resulting manure to the soil. Feeding

experiments indicate that much of the fertilizing value of feeds is

recovered in tlie manure.

USES OF SOY-BEAN OIL.

The oil extracted from the soy boiin ])elongs to the somidrying

class of oils; tliat is, those having proper! i(^s intermechate ])otwoen

drying oils, such as linseed oil, and noiidrying oils, such as olives oil.

This oil has a good color, liiis hnt u faint odor, and is rather pahitable.

in many nsspccts it niscnihlcs colloriscK^d oil, but is of a more pro-

nounced drying (•\\iinicU',v. \\\{]\ IIk^ ra[)i(l gr-o\vth of thci soy-bean
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industry many new trade uses for the oil have been found, and on
account of its lower cost it has become an important competitor of

other vegetable oils.

One of the principal uses of the oil in Asiatic countries, chiefly

China, is for food, it being consumed largely in the crude state by the

poorer classes, but among the rich it is boiled and allowed to stand

until clarified. The oil is also utilized in the Orient in the manu-
facture of foodstuffs, paints, waterproof goods, soap, varnish, and
printing ink, and for lubricating and lighting.

Soy-bean oil was at first used in Europe and America in its crude

state principally in the manufacture of soft soaps. It is now claimed

that some soap manufacturers have a secret process by which the oil

can be utilized in the manufacture of the best grades of hard soap'

To some extent it is being refined and placed on the European
markets as an edible table oil. The refined oil is also used in the

manufacture of butter substitutes, and in the Mediterranean coun-

tries to blend for salad oil. In the search by manufacturers for new
oils to replace linseed oil for paint purposes partly or wholly, soy-

bean oil was found the most suitable. In Europe and the United

States, paint grinders are using large quantities of soy-bean oil suc-

cessfully in the manufacture of certain types of paint. Other trade

uses of this oil are the manufacture of linoleum and of a rubber sub-

stitute, for which a factory has been established in Germany.
As the process of refining soy-bean oil is improved and perfected

there seems to be scarcely any use in which oil has a part in the

manufacture of foodstuffs to which it wiU not be an important

adjunct.

Soy-bean oil has been studied with other oils in a series of experi-

ments carried on by the Office of Home Economics and found to

compare favorably with the more common culinary table oils with

respect to the thoroughness with which it is assimilated.

ANALYSES OF IMPORTANT VARIETIES OF SOY BEANS.

Chemical analyses indicate that considerable variation in compo-

sition exists among varieties of soy beans. In determining the range

in the oH and protein contents of over 500 varieties grown in the

variety tests at Arhngton Farm, Va., the percentage of oil was
found to range from 11.8 to 22.5 and of protein from 31 to 46.9.

The composition of the principal varieties grown in the United States

shows a very wide range in the percentage of oil (11.8 to 20.3) and

also of protein (34.1 to 46.9) when grown in any one locality. At
the present time the Mammoth YeUow variety is most generally

grown throughout the South and is the one used in the production

of oil. The yellow-seeded varieties, which are most suitable for the

production of oil and meal, contain the highest percentage of oil.
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EnTiromnent has been found to be a potent factor in the percentage

of oil in the same variety.^ Considerable differences occur in oil

content when soy beans are grown in different localities. The Haber-

landt variety grown in Mississippi, North Carolina, Missouri, Virginia,

and Ohio gave the following percentages of oil, respectively: 25.4,

22.8, 19.8, 18.3, and 17.5; while the Mammoth YeUow variety

grown in Alabama, South Carolina, Tennessee, North Carolina, and

Virginia gave, respectively, 21.2, 19.6, 19.5, 18.4, and 18.8. Variety

tests conducted in various parts of the country indicate a higher per-

centage of oil with the same variety for southern-grown seed. Similar

results have been obtained in Manchuria, the North Manchurian

beans showing an oil content of 15 to 17 per cent and the South Man-
churian beans from 18 to 20 per cent.

The soy bean lends itself readily to improvement by breeding, and
experiments indicate the possibility of securing varieties of high oil

content by selection. Individual plant selections from a Manchu-
rian variety grown at Ai'lington Farm, Va., varied from 20.2 to

25.5 per cent in oil content. Analyses of a large number of plant

selections from the Mammoth Yellow variety, grown under identical

conditions in the same field, showed variations in oil content from
18.1 to 20.4 per cent. It is apparent that there is considerable

variation in oil content of the same variety, and an opportunity is

offered for developing strains of high oil content. (Table X.)

Table X.

—

Analyses for protein and oil of important varieties of soy beans grown at

Arlington Farm, Va., Newark, Del., and Agricultural College, Miss.

Fat. Protein.

Variety.

Virgiiiia.2 Delaware. 3
Missis-
sippi.'

Virginia.2 Delaware.3
Missis-
sippi.4

Mammoth
Per cent.

18.6
10.8
19.2
18.3
19.3
10.6
17.6
18.4
19.1
19.5
17.8
18.4
15.9
18.4

Per cent. Per cent.

18.6
18.5

Per cent.

37.6
40.0
37.2
38.5
34.1
40.3
40.9
35.0
34.5
30.8
40.8
35.0
39.

37.8

Per cent. Per cent.

41.4
Ilollybrook 16.

8

40.0 39.0
Manchu
Haberlandt 18.7

17.0
16.9

38.2
40.0
40.5

Medium Yellow
Ito San 17.4 39.6
Chiquita
Tokvo 20.7 38.1
Lexui^on 17.3 39.1
Guelph 20.2 40.3
BlacK E vebrow
Shanghai 18.5

10.4
17.5
20.3
15.7
17.9

41.4
Peking 17.2

18.8
30.4
37.0

40.1
Wilson 39.3
Biloxi 40.3
Barchft 11.8

17.8
45.9
40.2

41.0
Virginia 40.6

> Garner, W. W., Allarfl, H. A., and Foubert, C. L. Oil content of seeds as affected by the nutrition
of the plant. In .Jour. Agr. Uesearoh, v. 3, no. 3, p. 227-249. 1914.

' Analyses ma'le by .Mr. If. A. I'ipcr, Hiiroaii of Chomi.stry.
» fJrantham, A. K. Hoy beans, nol. Agr. Kxp. .Sla. Mill. 90. 39p.,lIIu3. 1912.

Robert, J. C. I'relimlnary report on the economic value of the soy bean, p. 4, tub. 1. Miss. Agr.
CoU.. 1915.
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POSSIBILITY OF DEVELOPING A MANUFACTURING INDUSTRY WITH
AMERICAN-GROWN SOY BEANS.

The large annual importations of soy beans, oil, and cake into the

United States during the last few years indicate a ready market for

products obtained from American-grown beans. The demand for the

oil, especially in the manufacture of soap, and its possibilities in the

manufacture of paints are very large, and it should be a strong com-
petitor of other vegetable oils, for which the demand is constantly

increasing both in this country and in Europe. When the meal

becomes properly recognized as a feed material for the production of

beef and butter, there will be practically an unlimited market for

it as feed. In the dairy countries of Europe, oil meals form a most
important part in the stock rations. Denmark feeds more than a

tenth of a ton of cottonseed cake (besides other kinds of oil cake) per

head of cattle per year. If the cattle in the United States were to

be fed at the same rate, the total oil cake or meals of aU kinds pro-

duced in this country would be insufficient to supply the demand.

The numerous experiments being conducted in the preparation of

soy-bean products for human food will doubtless result in a much
larger use of the meal for this purpose.

It is not expected that the soy-bean industry wiU develop in the

near future to the extent attained in Manchuria. This industry

should, however, develop gradually and the soy bean become an
important crop in the regions most favorably situated for seed pro-,

duction, especially the cotton belt. Since the boll weevil first entered

Texas in 1892, it has been an increasingly important factor in the

annual production of cottonseed. At the present time the weevil is

found more or less extensively in Texas, Louisiana, Mississippi, Okla-

homa, and Alabama and is annually extending its range from 40 to

70 miles. From available statistics it has been estimated that the

weevil causes a reduction of at least 50 per cent of the cotton crop in

regions invaded by it. As the range of the weevil is gradually extend-

ing eastward, where conditions are mor'fe favorable for greater damage
to the cotton crop, it is readily seen that the quantity of cottonseed

available for oil and meal production will be affected to a greater or

lesser extent. In Table XI the effect of the boll weevil on the pro-

duction of cottonseed is plainly shown. The soy bean offers an

excellent opportunity to the planter to adjust his plantation man-
agement so that he can offset the weevil damage and with profit to

himself furnish the cotton-oil mill owners a source of oil and meal.
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Table XI.

—

Acreage, production, and vahie per ton of cottonseed in the holl-weevil

States.

^

[The numbers printed in black-faced type indicate the beginning of boll-weevil invasion.]

United States. Louisiana.

Year.
Acres.

Cotton-
seed.

Value
per ton.

Acres.
Cotton-
seed.

Value
per ton.

1899
1902.

24, 275, 101

27,114,103

TOTIS.

4,668,000
5,092,000
4,716,000
6,427,000
5,060,000
5, 913, 000
4,952,000
5, 904, 000
4,462,000
5,17.5,000

6,997,000
6, 104, 000
6,305,000
7, 186, 000

SIO. 28
15.75
17.82
14.15
14.89
13.76
17.64
15.65
27.96
27.60
18.21
21.03
24.84
17.93

1,376,254
1,617,586
1,642,463
1,745,865
1,561,774
1,739,000
1,622,000
1, 550, 000
957,000
975, 000

1, 075, 000
929, 000

1,244,000
1,340,000

Tons.
338,388
422, 685
395,000
521,000
246, 000
440, 000
300,000
209, 000
112,000
109, 000
171,000
167, 000
197,000
200,000

SIO. 29
13.50

1903 28,016,893
30, 053, 739
26, 117, 153

31,374,000
31,311,000
32,444,000
32,044,000
32, 403, 000
36, 045, 000
34, 283, 000
37,089,000
37,406,000

18.74
1904. 13.93

19a5 15.97

1906 12.39
1907 16.00
1908 16.41

1909
1910
1911

1912

29.28
26.42
18.59
22.15

1913
1914

20.66
18.60

Mississippi. T exas.2

Year. .

Acres.
Cotton-
seed.

Value
per ton.

' Acres.
Cotton-
seed.

Value
per ton.

1S99 2, 897, 920
3,183,989
3,327,960
3, 632, 458
3,051,265
3, 408, 000
3,220,000
3, 395, 000
3,400,000
3,317,000
3,340,000
2, 889, 000
3,067,000
3,100,000

Tons.
634,083
691,007 .

686, 000
861,000
574,000
680, 000
6.52,000

736, 000
481,000
561,000
535,000
465, 000
583, 000
553, 000

SIO. 55
14.60
18.72
15.57
15.49
12.41

15.50
15.64
29.50
28.69
20.01
24.39
24.77
18.69

6, 960, 367

7, 640, 531

7,801,578
8, 355, 491

6,945,501
8, 894, 000
9, 156, 000
9,316,000
9,930,000
10.060,000
10, 943, 000
11,338,000
12, .597, 000
12,052,000

Tom.
1,262,651
1,198,140
1,185,000
1, .507, 000
1,219,000
1,858,000
1,024,000
1,698,000
1,122,000
1,356,000
1,893,000
2,171,000
1,755,000
2,043,000

$9.82
1902 15.00
19a3 17.95
1904 14.32
1905 12.75
1906 12. .50

1907 17.35
1908
1909

13.91
26.16

1910
1911

24.60
17.70

1912 18.28
1913 . 23.02
1914 15.30

• Compiled from U. S. Dept. Com., Bur. Census Bui. 10 (Quantity of cotton ginned in the United States,
1899-1903), 1904; Bui. Ill fCotton production and statistics of cottonseed products: 1910), 1911; Bui. 131
(Cotton production and distribution, 1914-15), 1915.

2 The boll weevil entered Texas in 1892.

Although the seed is the factor of prime importance, the improve-'

ment to the soil from growing a legmne and using the straw as feed

should be considered in estimq^ing the value of the crop. In view of

the short working season and the fact that no additional equipment is

essential in using the soy bean, it seems that the soy-bean oil and meal
industry should Ix'come an important adjunct of the cotton-oil mills.

'Jlie soy-l)CHn in(histry lias gained such importance in Kuro])e that

the various countries have been conducting extensive investigations

in their African colonies for the production of seed in competition with

the Manf;hurian h(uins. When soy bcuns were first imported from

Manchuria, the price was about $24 per ton on the European market,

but the competition of tluj Europc^an countries for the raw product

hnjijght the price quickly to S^F) jx-r ton, and (hiring th(^ last three

years quotations on tin; (hflcrcnt markets average about $40 per ton.
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At these prices it was found that the African colonies were in a favor-

able position to compete with the bean growers in Manchuria.

Moreover, it is evident that the farmer in America is able to compete

on the European and home markets both with the Manchurian and the

African bean at the prices prevailing during the last three or four years.

Although the cotton-oil mills in the United States estimate that the

soy bean can not be worked profitably at a much higher price than $1

per bushel, and then only when the price of cottonseed is higher,

available statistics (Table XII) show that the oil miUs in Europe have

been paying in many instances higher prices for soy beans than for

cottonseed.

Although the selling price f . o. b. Manchurian ports ranges from

to $35 per ton, the transportation makes the price approximately

at American and European ports. If the American grower can raise

the beans profitably at SI per bushel of 60 pounds, the higher yields

of seed obtained in this country and planting and harvesting by
machinery should enable him to compete on the European market.

Table XII.

—

Comparative prices -per ton of cottonseed and soy beans on the European
market, 1911 to 1914, inclusive.

1911 1912 1913 1914

Country.
Soy

beans.
Cotton-
seed.

Soy
beans.

Cotton-
seed.

Soy
beans.

Cotton-
seed.

Soy
beans.

Cotton-
seed.

$35.18
37.48

S35. 86
38.78

S40.42
41.37

S37. 07
39.77

$40.47
36.97

$36. 76
40.37

$40.57
37.40

$33. 63
Germany

36.33 37.32 40.89 38.42 38.72 38.56

Note.—These figures represent the average price per ton as shown by the importations and valuations
of these crops in the Annual Statement of the Trade of the United Kingdom with Foreign Coimtries and
British Possessions and in the Statistik des Deutschen Reichs.

The soy bean is already a crop of high value in American agriculture

and seems destined to be of far greater importance, especiaEy in the

cotton belt, not only as a cash crop but as an aid in maintaining the

fertility of the soil. With a mutual understanding of the possibilities

of the soy bean and its products, the industry should become a most
important one in conjunction with the cottonseed-oil industry.
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PART I. INTRODUCTION.

THE REGION.

The sugar and yellow pine region of California extends from the

northern boundary of the State southward the entire length of the

Sierra Nevada, chiefly west of the summit, and along the Coast

Range to Lake County. In this bulletin the region is extended to

include the commercial forests of California outside of the coast

redwood rcgi(Mi, thus taking in the practically pure stands of yellow

and Jeffrey pine on the cast slope of the Sierras, from the Warner
Mountains southward.

The region has three main topographic divisions—the Northern

Coast Range, the Sierras, and the east slope of the Sierras and Cas-

cades. The Northern Coast Range begins in Lake County and
extends northward along the Trinity and Klamath Mountains to

the Siskiyous. This is a region of steep slopes, much broken by
67172'—Bull. 440—17 1
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secondary ones. The main streams are at low elevations, and the

main ridges are narrow but continuous at almost uniform elevations

for long distances. The main characteristic of the second division,

the Sierras, is deep canyons or stream courses extending in a westerly

direction. Between these main streams are high timbered plateaus

and ridges. Toward the north the elevations are lower. On the

whole the slopes are more uniform and continuous and not so steep

as those in the Coast Range. The surface is, however, more often

rocky. While the rock of the Coast Range is sedimentary, that of

the Sierras is chiefly granite. The third division, east of the Sierras,

extends from Truckee on the south to Klamath Lake on the north,

and is typically a region of yellow pine timber, fairly easy slopes,

and smooth surfaces. There are many broad valleys and level

tracts. The soil and rock are volcanic. Although much of this

country is actually on the headwaters of streams flowing westward

into the Sacramento, it is sufficiently well characterized by the term

"East Slope."

The early lumbering operations in California were in the southern

part of the East Slope and, on a smaller scale, in the Southern Sierras.

At the present time operations are distributed along the entire

western border of the Sierras, and a heavy output comes from both

the northern and southern ends of the East Slope division. As yet

Imnbering in the Northern Coast Range is on a small scale, and the

timber resources of that region await future development, as do

extensive areas of virgin timber lands in the Sierras and on the East

Slope.

Because there are no lumbering operations of any size in the

Coast Range south of Siskiyou County and none south of the Teha-

chapis, the scope of this bulletin is practically confined to the Sierras

and the East Slope. The descriptions of logging systems and equip-

ment are confined to those actually in use. No attempt is made to

contrast methods or efficiency with other regions.

THE FOREST.

The total merchantable stand of saw timber in California, exclusive

of the redwood belt, has been estimated at 263,600,000,000 feet,

board measure, of which 131,200,000,000 feet is privately owned and

132,400,000,000 feet is the property of the Government. Of the lat-

ter amount, 115,800,000,000 feet is in the National Forests and the

rest in national parks and Indian reservations or upon the public

domain. The private and National I orest timber taken together, a

total of 247,000,000,000 feet, board measure, is composed of the prin-

cipal forest species in about the following proportion: Sugar pine, 15

per cent; western yellow pine, 38 per cent; Douglas fir, 19 per cent;

white fir, 14 per cent; incense cedar, 3 per cent; California red fir, 4
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per cent; lodgepole pine, 2 per cent; big tree, 2 per cent; other

species, 3 per cent.

The region is essentially one of mixed stands. The four typical

species are sugar pine (Pinus lamhertiana) , western yellow pine (Pinus

ponderosa), white fir (Abies concolor), and incense cedar (Lihocedrus

decurrens). All four are found throughout the region, though sugar

pine and incense cedar are infrequent in the pine stands on the

eastern slope of the Sierras. In these stands and at high elevations

yellow pine is frequently mixed with or supplanted by Jeffrey pine

{Pinus jeffreyi). No difference appears to be made commercially

between the lumber of these two species, which is known to the trade

as white pine or Cahfornia white pine. Douglas fir (Pseudotsuga taxi-

folia) forms the bulk of the stand in the Northern Coast Ranges; and
on the western slope of the Sierras it extends south to Fresno County.

In the Northern Coast Ranges this species forms nearly pure stands,

but all exploitation of it in California is in connection with other

timber species. Cahfornia red fir (Ahies magnijica) also forms pure

stands, but at such elevations that it is seldom reached by lumbering

operations. Lodgepole pine (Pinus contorta) is little exploited on
accoimt of the inaccessible locations of its stands and of its relatively

poor quaUties. The stand of big trees (Sequoia wasMngtoniana) tim-

ber is confined to the Southern Sierras, where it occurs in large

gioups or groves. This species is logged, incidentally with other

species, for the manufacture of lumber by one large and one small

concern.

The stands now merchantable vary in volume from an average of

] 1 ,000 feet, board measure, per acre in the pine and white fir stands

east of the Sierras to an average of 50,000 feet per acre in the heart

of the sugar-pine belt. Other representative stands average 25,000

feet per acre in the Northern Coast Ranges; 23,000 feet on the upper
Sacramento; 27,000 feet on the lower P^cather River; 25,000 feet on
the Consumnes River; 30,000 feet on the Stanislaus River; and 25,000
feet on the Kings River. The maximum stand per acre on record is

200,000 feet, of which approximately 75 per cent is sugar pine.

Good quarter sections run as high as 70,000 feet per acre. The
majority of tlu; present lumbering operations are located in stands

averaging from 18,000 to 40,000 feet per acre.

Th(5 timber ranges in size frc^m an average breasthigh diametor of

28 inches to an averages of 50 inches for trees over 12 inches in diam-
eter. Individual sugar-pine trec^s have been found with a breasthigh
diameter of 120 >ich(!s. The height ranges from 4-log trees in the

yellow and JefFrey pine stands to 13-log trees in the best sugar and
yellow pine. A 16-fo(;t length is regarded as the standard log.

The following average; figures, which were obtained from tlic'. cruis-

ing measurements on two large timber sale areas in the Sierras, show
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the relation between trees over 12 inches in diameter breasthigh of

the four leading species, in very good sugar and yellow pine stands:

Area I.

Average
diam-
eter.

Average
number

logs.

AreaH.

Average
diam-
eter.

Average
number
logs.

Sugar pine...
Yellow pine .

.

White fir

Incense cedar

Inches.
42
38
33
31

8-9

8
7

Inches.

46
38
34
32

The average number of 16-foot logs per 1,000 feet„ board measure,

varies from between three and four in the poor stands to between one

and a half and two in the best. The average for the region is between
two and three logs per 1,000.

TYPES OF OPERATIONS.

The sawmill plants cutting pine lumber in California range from

the small circular mills which produce not more than 200,000 feet per

year to one with two large double band mills with a combined annual

output of 90,000,000 feet. The small mills, either steam or water

power, are suppUed with logs by means of horses or oxen, and operate

only when there is a local demand for lumber. The large mills run

two shifts daily and are furnished with logs by logging railroads and
modern steam logging contrivances or big wheels. Between these

two extremes are operations of all grades and sizes, the principal inter-

mediate classes being the circular mills producing from 25,000 to

40,000 feet daily for the general market and the single band mills.

Most of the large circular mills are supplied by horse logging with

trucks or by big wheels or chutes. The single band mills are usually

supplied by logging railroads and logging donkeys; a few use horse

trucks or traction engines and trucks.

Logging and lumbering operations may be classified according to the

size of the mills, because each mill and the logging equipment which

suppUes it are commonly owned by the same person or corporation.

Since none of the mills are located on tidewater, or drivable streams,

there are no log markets nor logging companies such as exist in the

Pacific Northwest. The 600,000,000 feet of lumber produced in the

California pine region annually is manufactured by 15 double-band

mills, 14 single-band mills, 25 large circular mills, and a host of small

circular mills. Each of these implies a separate lumbering operation,

except in the case of one concern operating two double-band mills

and another having one single band and one large circular, each with

a resaw.
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Widely as the operations vary in type, they are alike, with the

exception of one new operation, in that logging is done only during

the summer months. It may begin during the latter half of April

or the first part of May and continue until November or the begin-

ning of December, depending upon the altitude and latitude. The

average operation is under way about May 10 and continues until

the latter part of November, thus having a season of from 156 to 165

working-days. Sawing begins shortly after the work in the woods
and ordinarily continues for from one to four weeks longer. Both
logging and milling are customarily shut down for the winter by
Christmas or before.

LABOR.

Since most of the labor is employed for less than seven months each

year, it is inclined to be unstable. There are two classes—one, to

which belong most of the men in the skilled and better-paid positions,

winters on the ranches and in the towns of central Cahfornia, fre-

quently returning to the same operation season after season; the

other is purely transient and works on one job from a few days to one

season and then moves on to the next. The mill crews are usually

much less transient than the woods force.

The labor problem is yearly becoming more difficult, and the pro-

portion of foreign labor is increasing. The bulk of the woods work
is now done by American-born workmen. The more tedious work

—

bucking, swamping, and woodcutting—is largely done by southern

Europeans. This is also true of railroad construction, though some
companies have Irish and American crews. In some localities Indians

perform the cheaper woods work and Mexicans are employed in rail-

road grading. In the sawmills American labor prevails in the more
important positions and in handling machinery. Unskilled labor in

the mill and nearly all lumber handlers are southern Europeans.

Frequently entire yard crews, with the exception of the foreman, are

composed of Italians. Labor in box factories and finishing plants is

u.sually American bom and, especially in the box factories, is made
up of young men and boys.

Labor for logging camps is usually secured by hiring either at the

plant or in the nearest city or large town. In the spring the higher

grade employees make application to the superintendent, some even
being hired by letter. Many of the other men do the same, but it is

frequently necessary for the logging superintendent to visit the nearest

city and engage men, paying their way to the works and guaranteeing

their unpaid board bills. Later on in the summer, wlien the men
become restless and begin to leave, it is often necessary to secure men
from employment agoncios, whicli (intails paying tlie fares to the

plant. The men are usually hired by the day or the month. La})or
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is often employed on contract in felling, limbing, and bucking logs,

and in piling lumber. These activities can be easily supervised and

require no capital on the part of the contractor. The standard work-

ing-day is 10 hours. In sawmills and yards the full time is put in

at labor, but in the logging and railroad camps the crews usually

return from work on company time, which often means that not over

9i or 9^ hours are put in at work. A State law of California pro-

vides that boys under 18 years of age can not be worked longer than

8 hours daily.

A workmen's compensation act went into effect in Cahfornia on

January 1, 1914. This act renders the employer liable for compen-

sation for all personal injuries sustained by employees during the

course of employment, except in the case of injury due to intoxication

or willful misconduct on the part of the employee injured. It pro-

vides for the payment of medical and hospital fees for a period of 90

days after injury, for disability indemnities, and for benefits to de-

pendents in case of death, aU payments to be made as directed by
the Industrial Accident Commission. Another feature of the act is

the provision empowering the State Accident Commission to conduct

a department for insuring operators against the Uabihties. One effect

of this act will undoubtedly be an increase in the amount of labor

employed on contract.

Medical attention and hospital treatment have been and are yet

furnished by most companies at their own hospitals, which are sup-

ported by deducting $1 monthly from the wage of each employee.

Smaller operators frequently contract with local physicians to care

for their men under the same arrangement. The compensation act

provides that no deduction may be made in wages to carry out its

provisions, but the present hospital charges are apparently made on

the basis of care during sickness.

Lumbering wages are paid at a stated sum per day without board

or at a stated amount per month and board. The former is cus-

tomary as far south as Plumas County, and the latter throughout the

rest of the region, except at sawmills and yards located in towns.

The first systeih operates in the employer's favor in the case of loss

of time through sickness or inclement weather.

In the lists of representative wages for the season of 1913, which

foUow in Table 1, ''North" refers to the territory north of Plumas

County, and ''Central" to the country south of this point. "East"

refers to the region on the east slope of the Sierras about Sierra Valley.

The two columns "A" and "B" under each represent different

localities or operations.
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Table 1.—Wages paid in the sugar and yelloiv pine lumbering region of California.

North (without
board).

Central (with board).

A.

East
(with
board).

Railroad work.

Grading foreman .

.

Trestle foreman. ..

Teaming foreman.
Powder man
Driller
Teamster
Muckers
Section foreman .

.

Section man

Steam logging crew.

Undercutter
Faller
Bucker
Limber
Saw flier

Hook tender
Chaser
Frogger
Rigger
Swamper
Choker-hole digger
Whistlepunk
Frog shoveler
Lookout
Engineer
Fireman
Loader
Second loader
Winchman
Spool tender
Woodbuck
Wood teamster
Waterbuck
Night watch
Chute lineman
Bellhop
Chute greaser
Chute engineer

Harse-logging crew.

^Vheel teamster. .

.

Bunch teamster. ..

Hooker
Gopher
Loader
Swamper
Roadman
Truck teamster
Skidding teamster.

Train crew.

Engineer.

.

Fireman . .

.

Conductor.
Brakeman.

Per day.

S5.00
4.50
3.50
3.00
2.50
2.50
2.25
3.50
2.25

Per day.
$4.00

3.50
3.00
2.75
4.00
4.50
3.25

2.75
2.75
2.50
2.25

3.25
2.75
3.25
2.75

2.75

3.25
3.25
2.75
2.50
3.00
2.25
2.25
3.75

.5.00

3. .50

4.00
3.10

Per month.
$100.00

3.00
2.50

2.25
3.00
2.25

3.00
3.00
2.50
3.50
4.25

2.75
3.00
2.50
2.50
2.25
2.25

3.25
2.50
3.00
2.75

2.50

2.50

2.75
3.00
2.50
2.30
2.70
2.25
2.25
4. .50

3.25

4.00
3.00
3.75
3.00

Per month.
$80.00

Per month.

45.00
40.00

35.00
75.00
40.00

75.00
65.00
50.00
50.00
65.00
100.00

65.00
60.00
60.00
50.00
40.00
40.00

60.00
40.00
60.00

45.00

40.00
50.00
45.00
45.00
90.00
55.00
45.00
80.00

a'j.OO

50.00
65. 00
50.00

45.00
40.00
40.00
35.00
70.00
35.00

65.00
50.00
55.00

60.00
50.00
50.00

40.00
50.00
65.00
45.00
70.00
50.00

50.00
40.00

40.00
50.00
80.00
50.00
40.00
60.00

$65. 00
60.00
50.00

100.00

70.00
60.00
50.00
50.00
40.00
50.00

70.00
50.00
75.00
65.00

50.00

90.00
50.00
40.00
70.00

Per day.
2.75
2.50

2.25
1.75
1.75
4.00
2.60

Afiscellaneous.

I)onkcy doctor. . .

.

Htorekeepor
Timekeeper
Healer
(;ook
Hfxiond c(K)k

Cookhou.se helpers.

Average for

region
(with board).

Per month.
$75. 00-«S0. 00

75. 00
70. (K)- HT). (K)

(M).(K)- 70. (X)

100. 00
(10. (X)

45. (X)
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Table 1.— Wages paid in the sugar and yellow pine lumbering region of Calijornia—Con.

Large mills. Small mUls.

Sawmill crews.

Foreman
Pondman
Scaler
Winchman
Deckman
Setter
First dogger
Second dogger
Band sawyer
Circular sawyer . .

.

OfEbearer
Pointer
Edgerman
Rear edgerman
Slashman
Trimmer
Trimmer helper. .

.

Laborer
Slabman
Cutoff man
Engineer
Fireman
Oiler
MUlwright
Second miUwright.
Filer
Watchman
Grader
Sorter
Car pusher
Filer

Peri

82. 50-$3. 00
2.50

2. 50- 2. 75
3. 25- 3. 50

3.25
3.00

6. 00- 7. 00
5.00

2. 50- 3. 00
2. 25- 2. 75

3.75
2.50

2. 25- 2. 50
3.25
2. .50

2. 25- 2. 50

Per month.
$150. 0O-S175. 00

50.00- 60.00
50.00
45.00
50.00
75.00
65.00
60.00

Per day.

U.(Xh-%Z.2b

45.00-
65.00-

45.00- 60.00
40.00- 50.00

75.00
45.00

40.00- 45.00

3. 00- 3. 25
3.25
5.00
3.50

7. 00- 8. 00
2.75

3. 75- 4. 00
2.50
2.50
2.50

45.00
45.00

90. 00- 110. 00
60.00- 65.00

65.00

3.00
2.50
2.50
2.50

2. 50- 2. 75
3. 75- 4. 75

3.25

55.00
3. 75- 5. 00

2.75
3.75
2.50
2.50
2.50

Per month.
S125. 00-150. 00

60.00

3.00 60.00
45.00

3. 25- 3. 75
2. 75- 3. 50

70. 00- 75. 00
45.00- 65.00

5.00
4.00- 4.50

3.00 50.00

3. 50- 3. 75 70.00-75.00

65.00
45.00
45.00
45.00

.00- 50.00

. 00- 100. 00
65.00

75.00

50.00

45.00
45.00
45.00

Note.—Board is furnished in addition where the wages are monthly; it is not where they are daily.

CAMPS.

TYPES OF CAMPS.

Both the size and location of logging camps depend upon the type

of the operation. In most horse logging operations the camps for

the loggers are at the sawmill; but in railroad and traction opera-

tions they are placed in the woods along the track and as near the

logging as possible. To obviate the necessity of long walk's to work,

large logging camps must be moved at intervals of from one to three

seasons. For this reason the portable camp is supplanting the old

style permanent type which was torn down or abandoned at every

move. The old type consisted of large bunk houses, with double

tiers of bunks down the sides. The initial cost of such camps is

low, but they can not be moved or kept free from vermin, and the

men disUke them.

The portable camp is practically uniform throughout the region.

The sleeping quarters are frame cabins 10 by 18 feet or 9 by 22 feet,

the former being the usual type on standard gauge operations and

the latter on narrow gauge. The sides of these cabins are ordinarily

7 or 7-| feet and the roof half pitch. Low-grade lumber is used in

their construction. The walls are battened and the roofs double-

boarded or covered with tar paper. Two skid timbers about 8 by 10

inches are placed lengthwise imder each cabin to serve as a founda-

tion and to facilitate moving. Cabins of this kind contain about
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Fig. 1.- -ExcELLENT Virgin Stand of Sugar and Yellow Pine in the
Sierra Nevadas of California.
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Fig. 2.—Typical Pohtalile Logging Camp on a Califuhnia Pine Donkey Logging
Operation.
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Felling a Large Yellow Pine Tree in a Mixed Stand of Sugar and Yellow
Pine on a National Forest Timber Sale Area.
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1,600 feet of lumber and cost from $60 to $70 each. If double-

boarded tliroughout, the cost is probably from $90 to $100. Each
accom.modates four men ui single bimks, or preferably in steel cots,

and provides about 500 cubic feet of air space per man. There is

also room for a stove and usually a small table. In some camps
only three men are assigned to a cabin, which leaves room for a

large table. The use of dining cars and bunk cars is limited to a

few camps, but wiU probably increase. For raUroad construction

camps and camps at a distance from the railroad, and sometimes

for stables and dining rooms at portable camps, tents are frequently

used. They can be taken down and stored during the winter. If

cared for, a good tent should last three or four seasons.

When it is desired to move to a new site, the cabins are loaded on

flat cars by means of donkey engines. The cookhouse, stable, and
shop are either abandoned or torn down and the lumber utilized

again. Ordinarily an average sized camp can be moved in one day.

The cabins should last for at least 8 or 10 seasons, depending upon
the number of moves. Some operators place several, cabins end to

end to form a portable cookhouse and dining room.

Steam donkey logging camps vary in size from those with two
yarders to those with five. Each large operation usually has at

least two camps with two or three yarders each if the logging is

good, or four or five yarders each if loggmg is difficult or if the mill

is operating double shift. The first would have from 60 to 80 men
and would require about 20 cabins, costing $70 each; a frame cook-

house and dining room 20 by 60 feet, costing $350; one stable,

costing $150; and a blacksmith shop, costing $50; making a total

cost for buildings of about $1,950. The larger camp would contain

from 125 to 150 men and have 45 cabins, a cookhouse costing $450,

a stable costing $250, and a blacksmith shop costing $100; total,

$3,950.

Bedding is not furnished and mattresses but seldom, though each
man is usually permitted to take enough hay for a bed. One com-
pany furnishes mattresses, operates a laundry, and provides hot
and shower baths in its camps, for all of which each man is charged

f2 per month. .Small commissaries are provided in most camps and
are tended by the foreman and timekeeper.

At small sawmills and mills located in the timber the men are

housed in frame ca}>ins larger than those used in tlio logging camps,
though simihir in construction. A common dining room is pro-

vided, and there may be a few cottages for famiUes. In sawmill
towns largo boarding houses are usually maintained for the single

men and cottages are provided for Hinting to the inai-ried employees.
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Amodem mill town recently constructed in connection with a double-

band mill is reported to have cost as follows:

Mess house $3, 700

Bunk house 2, 200

Sewer system 3, 400

Watersystem 3, 200

Dwellings 18, 000

Total 30, 500

BOARDING.

The cost to the company of boarding men usually ranges from SI

8

to $22 per month, a figure of |20 being the average at mill camps
and the one commonly used by most companies in figuring costs.

At camps where the employees are required to pay board the rates

range from $20 a month to 25 cents per meal, the equivalent of $22.50

per month.
FACTORS AFFECTING THE CUT.

CULL.

Cull is the discount from the gross scale because of rot, breakage,

or defects in form. The figures available are based principally upon
the judgment of competent timber estimators and scalers, not on

actual measurements. Sugar and yellow pine are the least defective

and are discounted from to 4 per cent, and sometimes 5 per cent.

Douglas fir is quite defective in many parts of the region, par-

ticularly in the Coast Range, where the cull ranges from 10 to 25

per cent. White fir has from 10 to 25 per cent cull throughout the

region, and red fir stands have about the same amomit. Because of

its peckiness, incense cedar is the most defective and is culled from

15 to 40 per cent. Measurements covering an area of 360 acres

on the Shasta Forest gave the following losses through defects and

breakage: Sugar pine, 14.5 per cent; yellow pine, 10 per cent;

Douglas fir, 23.5 per cent; white fir, 15 per cent; and incense cedar,

17 per cent.
UTILIZATION.

In the private operations, which make up the bulk of the logging

in this region, all of the timber is cut and removed which is con-

sidered merchantable by the operator. Stumps are cut from 16 to

36 inches in height, the average for most operations being from 24

to 28 inches. Tops are utihzed to limits of from 8 or 10 inches m
smooth pine to 14 or 16 inches in rough timber, the average being

between 10 and 12 inches for pine and about 12 or 13 inches for fir

and cedar. The smallest trees cut are about 14 or 15 inches inside

the bark on the stump for pine and 15 or 16 inches for fir and cedar.

Some concerns log aU trees down to these limits, while others take

only the pine and the best and most accessible of the fir and cedar.

This difference in policy is usually based on different logging and
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market conditions. Some operators cut the best white fir trees into

logs and the remainder, including tops, into engine wood or pulp

wood. An operator whose utilization is of the best type cuts pine

down to a 15-uich and fir to a 16-inch diameter on the stump, stumps

being cut from 24 to 28 inches high. He cuts smooth pine tops down
to 8 inches, smooth fir to 10 mches, and rough tops to 12 and 14

inches. On ordinary logs he allows 4 inches for trimming; and on

logs over 4 feet in diameter, 6 inches. He cuts the area clean.

The minimum log length is usually 12 feet, though on several oper-

ations valuable pine logs are taken down to 10 feet. Logs of poor

quahty are left in the woods if 50 per cent defective, and often if

only 40 per cent defective; but, on the other hand, many firms log

pine butts or clear logs which are not 25 per cent sound.

The utihzation on National Forest timber sale areas is commonly
•more intensive. Timber sale contracts provide that stumps be cut

not exceeding 18 inches in height and that tops be utilized down to

8 or 10 inches when smooth. The minimum log length is generally

10 feet, though in some instances 8 feet is specified for sugar and
yellow pine. Pine logs 33 J per cent and fir logs 50 per cent saund

are considered merchantable. The young growing timber, from 20

to 30 per cent of the volume of the stand above 12 inches in diameter,

remains uncut after logging.

In ordinary sawmg practice the shortest board made is 10 feet

and the narrowest width is 4 inches. However, the mills that have
box or door factories resaw slabs to obtain suitable short pieces.

Clear edgings are utilized for lath and car strips. Band saws com-
monly cut two-sixteenth inch or three-sixteenth inch kerf; solid

tooth circular saws, four-sixteenth inch; and inserted tooth circular

saws, five-sixteenth mch. Most of the clear pine lumber is cut in 1,

1^, and 2 inch stock, and an extra thickness of from one-sixteenth

to one-eighth inch is allowed on each board for shrinkage. Shop
lumber is 1-| and 2 inches in thickness, the 1 |-inch stock being sawed
l}-g or If^ inches thick in coarse-grained timber. Most box lumber
is sawed 1^ inches thick, though both 1-inch and 2-inch box is cut.

The allowance for slirinkage is the same as in shop. Common lum-
ber is cut in inch stuff, one-eighth inch fuU. In addition an extra

width of from one-eighth to one-haK inch is allowed on each board to

provide for shrinkage. Fir lumber is usually cut without extra al-

lowance in thickness or width.
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OVERRUN.i

With average timber and a normal lumber product, the overrun

at a mill employing an inserted tooth circular saw is negligible if not

lacking. A solid tooth circular saw does a trifle better, showing a

possible average overrun of 2 or 3 per cent. The figures obtained

at a number of efficient band miUs range from 5 to 8 per cent, the

most common being 6 per cent or a fraction over. A short mill tally

at a band mill sawing pine timber from a National Forest sale in

the southern Sierras showed an overrun of 5 per cent.

A mill taUy of 4,190 logs made during the summer of 1914 at a

representative single band mill in the northern Sierras gave the fol-

lowing average overrun of the decimal C scale: Sugar pine, 7 per

cent; yellow pine, 6.9 per cent; Douglas fir, 10.3 per cent; white

fir, 2.5 per cent; incense cedar, 15.6 per cent. These percentages

are perhaps shghtly above the average on account of the manufac-
ture of sawed ties from many top logs. A second tally of 4,890 logs

at another single band mill during 1914 gave the foUowing overrun:

Sugar pine, 2.6 per cent; yellow pine, 0.7 per cent; Douglas fir, 8.1

per cent; white fir, 1.1 per cent; incense cedar, 16.6 per cent. Most
of the oveiTun occurs in the logs of poorer quality.

TIMBER QUALITY.

The proportion of the various grades produced depends not only

upon the quality of the timber but also upon the efficiency of the

operation, the size of the miU, and the facihties for marketing lum-

ber. Inefficient operations do not cut as high a proportion of the

better grades as efficient ones. Small mills without a marketing

organization do not take as much care in separating grades, and fre-

quently put all lower grades into box.

In speaking of the quality of a tract of timber it is customary to

say that it will produce a certain per cent of uppers, meaning No. 2

shop and better. The poorer yellow and Jeffrey pine stands in east-

ern California produce about 20 per cent uppers; better stands pro-

duce from 25 to 30 per cent. Normal mixed stands of sugar pine,

yellow pine, Douglas fir, white fir, and incense cedar produce from

25 to 3 1 per cent. In sugar and yellow pine stands the pine commonly
cuts from 32 to 45 per cent uppers^ yellow pine alone from 30 to 45

per cent, and sugar pine from 35 to 55 per cent.

A comparison of the lumber grades produced from sugar and

yellow pine may be made from Table 2, which shows the results of

two mill tallies made by the Forest Service during the season of 1914.

The first of these was for 2,230 logs at a single-band mill in the south-

ern part of the Shasta National Forest, and the second for 2,490 logs

1 This information on mill overrun of log scale is derived from a comparison of the figures of scalers and

tallymen at several representative mills. The log scale is commonly made by the Spalding rule, which

is somewhat similar to the decimal C rule used on National Forest timber sales. Overrun is greater in small

or very large logs; less with saws of heavy kerf, and greater when thick planks or timbers are sawed.
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Fig. 1.—Limbing and Bucking Timber on a National Forest Timber Sale in the
Sierra Nevadas.

Fig. 2.—Logged-Over Stand of Sugar and Yellow Pine on Private Land.
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at a single-band mill in the western part of the Plumas National

Forest.

1'able 2.—Comparison of the lumber grades producedfrom sugar and yellow pine, showing
the results of two mill tallies.

Grades.

Mill tally No. 1.

Sugar
pine.

Yellow
pine.

MilltallyNo. 2.

Sugar
pine.

Yellow
pine.

Xos. 1 and 2 clear
No. 3 clear
C select
Australian
No. 1 shop
No. 2 shop
No. 3 shop
Nos. 1 and 2 common
Box
No. 3 common

cent.

8.3
3.8
.8

.5

7.2
10.9
5.8

31.3
30.0
1.4

Per cent.

8.8
4.1
.6

2.4
8.3
13.8
4.4
31.2
25.6

.8

Per cent.

9.4
3.3
.1

.2

11.9
14.2
6.2

41.9
12.5

.2

Per cent.

7.5
3.6
.2

1.1
12.2
14.1
6.2

36.5
18.5

.1

PART II. LOGGING.

The term ' 'logging" as commonly used covers all the work of hand-

ling logs from the standing timber to the sawmill. It is divided, by
custom, into several steps. In the discussion which follows, each

step is treated separately in the order in which it occurs in logging.

The object is to give the various methods of handling each step in

such a manner that they may be compared, and, further, to give

approximate outputs and costs for different methods under given

conditions as an aid in estimating the cost of logging in going or

prospective operations.

The cost of delivering logs at the mills in this region, including

railroad construction, but exclusive of depreciation on equipment,

overhead expenses, and stumpage, range from $4 to $6.25 per 1,000

feet, log scale. Where the railroad hauls are medium and involve an
operating expense of not more than SI per 1,000, the cost in the easy

stands is from $4 to S4.75 per 1,000. The cost in most operations

is between S4.75 and $5.50 per 1,000. Difficult logging conditions

and railroad haul or less efficient methods may raise the cost to from
$5.50 to $6.25 per 1,000.

prp:paring logs for transport.

Preparing h^gs for transport is usually spoken of as felling and
bucking, tliough it incliuh^s lim})ing as well, and sometimes peeling.

P'cUing, limbing, and bucking are commonly considered as a single

step. Each felling f;rew, with the requisite number of limbers and
buckers, is a separate unit.

EQIJIPMKNT.

P>Rch set of "fallers" rcfjuires two f(Jling saws, one for use while

the other is being filed. The common lengtli is S U'o.i, tbougli i(. is

usually necessary to have oru; or two extra 10-foot saws on the job
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for the larger trees. Each bucker should have two saws, and there

must be some extras in the filing shack. The ordinary length of

bucking saws is 7^ feet. Both kinds of saws are commonly 12-gauge

on the edge and 17 gauge on the back. The bucking saw has a wider

blade than the felling type and may have slightly shorter teeth.

The net price at San Francisco of the best quality saws is from 72

cents to 75 cents per foot. Detachable wooden handles are used,

which cost about 65 cents per pair for the reversible Pacific coast

type and 35 cents per pair for the common type.

Each ''faUer" carries a felling ax, and each bucker and limber has

a swamping ax. All axes are double bit. Felling axes vary in weight

from 3| to 4^ pounds, and the net price is from $9 to $10 per dozen

for the best quality. Swamping axes are preferred about one-half

pound heavier, and cost 50 cents per dozen more. Handles for these

axes cost from $2 to $2.50 per dozen.

For each set of fallers and each bucker there is provided a steel

sledge for driving wedges. Those used by fallers weigh from 10 to 12

pounds, and those used by buckers 8 pounds. The cost ranges from

20 to 27 cents per pound. In a well-equipped crew each set of fallers

has four steel felling wedges weighing 8 or 10 pounds, and each

bucker has three bucking wedges weighing from 4 to 7 pounds. The
cost of the best steel wedges is 30 cents per pound.

Often each bucker carries an ordinary shovel. Shovels cost $8 per

dozen. The limber or faller marking the log lengths uses an 8-foot

marking stick, fashioned from a narrow strip of pine lumber. On
steep ground or in large timber each set of fallers commonly has one

or two springboards. A bottle of kerosene oil must be carried by
each sawyer for the purpose of loosening the pitch which accumulates

on the saw. From 1^ to 2 pints daily is required per saw, or from

1 to 1^ gallons for a crew averaging 35,000 feet daily.

A liberal tool allowance for an operation averaging from 110,000

to 120,000 feet daily, all logs bucked into short lengths in the woods,

is as follows:

8 felling saws.

36 bucking saws.

30 axes.

20 sledges.

48 bucking wedges.

12 felling wedges.

16 shovels.

4 springboards.

A portable steam drag-saw for bucking at the yarders is listed at

f . o. b. Portland, Oreg.

OPERATION.

First the direction in which the tree is to fall is selected and the

undercut is made by the undercutter or notcher. The undercutter

works ahead and notches each tree with an ax in the direction it

should fall, determining the lean of the tree by eye or sometimes using
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his axe as a plumb line. It is then cut down by the two fallers, who
work together with a crosscut saw. In thick-barked timber they usu-

ally remove with axes a ring of the outer bark at stump height before

sawing. When the set consists of but two fallers, they usually pre-

pare the undercut together, and it may be made entirely with axes or

the lower portion may be sawed and the upper chopped. Saws are

used for aU other feUing work, even in small timber. Wedges are

used, when necessary, to tlu-ow the tree in the direction required.

The limbs are then cut from the merchantable bole. Limbing may
follow or precede the marking of the log lengths, which is done by
limber, one of the fallers, or, on some jobs, by a log marker. All

hmbing is done with an ax, and one man to a felling crew is usually

sufficient.

Bucking is cutting the bole into logs. It is performed by men
working separately, each with a crosscut saw. Wedges are used to

prevent pinching of the saw, and a shovel is sometimes necessary

when a log lies close to or is embedded in the ground. On some steam

and aU horse logging operations the logs are bucked kito short lengths

in the woods; that is, 12, 14, 16, and 18 feet. The more progressive

steam loggers are now having the trees bucked in the woods into one,

two, and three log lengths. These logs are then bucked into shorter

lengths by hand buckers or portable steam saws at each yarder, or by
a steam drag saw in the mill pond or on the miU deck.

The standard felling and bucking crew consists of one set of two
fallers, one limber, and five buckers. In average timber the average

output of such a crew is from 35,000 to 40,000 feet daily. If an under-

cutter is added, three buckers must also be added, one of whom helps

with the limbing. The average daily output of such a crew is about

55,000 or 60,000 feet. Tlius, under ordinary conditions each faUer

is good for from 18,000 to 20,000 feet daily and each bucker for from

8,000 to 9,000 feet.

The dady wages of the smaller crew are from $23 to $24 daily,

usuaUy the former. Under excellent felling conditions, one more
bucker is required, making the daily cost $25.75; and under severe

conditions one less bucker is necessary, thus decreasing the daily

cost to S20.25. On this basis the labor costs of crews of this type

arc about as follows:

1. Very unfavorable conditions, 26,000 feet daily, 78 cents per 1,000.

2. Poor tirn)K;r, M0,000 fof^t flaily, 72 coTits per 1,000.

3. FairtimbfT, :>,'),(HH} f<;<;t daily, 65 rents per 1,000.

4. Ordinary timlK-r, .'58,000 f«!(;t daily, 00 cents per 1,000.

5. fJood timber, ^10,000 f«-et daily, 57 cents per 1,000.

0. Very ((ood timlx-r, 45,000 Sect daily, 54 cents per 1,000.

7. iixcellent condition, 50,000 feet daily, 51 cqnts per 1,000.
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A labor cost of 60 cents per 1,000 would ordinarily be divided

between the different steps of the operation in about the following

proportion: Felling, 19 cents; limbing, 7 cents; bucking, 34 cents.

In the very rough timber on the east slope of the Sierras an extra

limber is often required at an additional cost of $2.75 per day, or

normally 7 cents per 1,000.

The addition of an undercutter and extra buckers increases the

output but does not materially affect the cost. The advantage of

a very expert undercutter is a saving in breakage. Further, the

enlarged crews sometimes fit in better with the size of the logging

operations. For example, a small single band mill might be served

more cheaply by one set of three fallers than by two sets of two each.

In logging operations where the logs are yarded in long lengths,

the standard crew under ordinary conditions is two fallers, one

limber, and two buckers. The average daily labor cost of such a

crew is $15, which amounts to 50 cents per 1,000 at 30,000 daily;

43 cents per 1,000 at 35,000 daily; 40 cents per 1,000 at 38,000 daily;

and 37 cents per 1,000 at 40,000 daily.

Two systems are employed for bucking long logs into short lengths

at the yarding engines. The first is used only in the smaller timber

of the pure yeUow-pine stands, where the work is done by hand.

Two men are required at a machine averaging from 25,000 to 30,000

daily and three men at a machine yarding from 38,000 to 40,000.

The cost is 23 cents per 1,000 for a machine averaging 26,000 feet

per day; 20 cents for one averaging 30,000; 24 cents for one averag-

ing 35,000; and 21 cents for one averaging 40,000. Thus it appears

that this system does not reduce the cost of felling and bucking.

The saving comes in yarding. In the larger timber a portable steam

saw does the bucking at each yarder. Steam is furnished by pipes

from the donkey boilers. A 20-foot metallic hose may connect the

pipe to the saw in order to permit the saw being moved from one

log cut to another. If a hose is not used, each log cut must be

spotted at the saw. Two men are required to operate a saw of this

type. The daily cost, including upkeep, is about $6. The maximum
amount that may be sawed daily is 80,000 feet, or well in excess of

the output of any yarder in this region. The cost of sawing is 23

cents per 1,000 at a machine yarding 26,000 daily; 20 cents at one

yarding 30,000; 17 cents at one yarding 35,000; and 15 cents at one

yarding 40,000. Thus this system lowers the cost of bucking in aU

cases where the average amount yarded daily per machine is in

excess of 30,000 feet.

Many concerns situated in northern California log in lengths up
to 32 or 40 feet as far as the mill pond. Logs over 20 feet in length

are then bucked once with a steam drag-saw which is located on the

pond or just inside the mill. This system saves considerable in
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bucking and apparently does not increase railroading expenses.

The practice of bucking into short lengths at the yarders prevails

for chute and most narrow-gauge railroad logging. The method of

crosscutting at the mill is becoming more common as the use of chutes

decreases and more standard-gauge logging railroads are built.

FeUing and bucking is frequently done by contract, usually more
cheaply than by day labor. This advantage may, however, be

offset by carelessness in felling. Either for this or some other

reason most concerns avoid the contract system. The contract

rates vary from 15 cents per thousand for felling and 25 cents for

bucking on a very favorable operation, the company to furnish and

fit tools, to 65 cents per 1,000 for the entire felling and bucking

operation under ordinary conditions. Upon one National Forest

timber sale area the felling and bucking is contracted for at 75 cents

per 1,000.

Peeling the logs is done only in horse logging operations. The
larger logs are usually peeled on one side and sniped on the small

end. The cost is about one man's time for an operation of from

30,000 to 40,000, or from 7 cents to 10 cents per 1,000. Sniping the

ends of the larger logs is also done on some donkey logging operations

in heavy timber and loose granitic or volcanic soil. A member of

the yarding crew does such sniping in connection with knotting and

swamping.
MAINTENANCE.

Saws and axes for felling and bucking, with ordinary use, should

last from a half to a full season. The other equipment should last

for a season or more. The annual cost of tools and equipment for

an ordinary feUing and bucking crew is estimated at $250 ; or 5 cents

per 1,000 feet, if the daily output is 35,000. A cheap grade of

kerosene is used for the saws, and its cost under any conditions does

not exceed one-half cent per 1,000.

One saw filer can easily fit from 10 to 12 saws daily, and 14 by
working hard. Fallers use a saw from 1^ to 2 days without refitting,

and buckers about 1^ days. Therefore one saw filer can care for

the saws of three ordinary sct3 of faUers or two three-man sets.

Thus, ordinarily, there is a saw filer at (^ach camp. The use of steam

saws does not make muc,h difference in the amount of saw fitting.

The cost of fitting is usually about 4 cents per 1,000, though it may
run up to 6 cents.

The cost of maintenance and supplies for felling and bucking is

about 8 cents per 1 ,000 under favorable; conditions; 10 cents per 1,000

under normal c(jnditi(^ns; and 12 c(!nts per 1,000 under adverse

conditions.

07172''-' I5iill. 440- -17 2
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FROM STUMP TO YARD.

After felling and bucking, the logs are collected and taken from

where they lie in the woods to a common point from which they

are transported to the mill. This common point, or yard, is, in the

case of steam logging, at the yarding engine, which may be on a

chute, or roading trail, or at a railroad landing. In horse logging

the yarding may be terminated at a chute, at a railroad landing, or

at a loading point for trucks. In addition to being the first step in

log transportation, this is the shortest from the standpoint of dis-

tance covered. In the California pine region three methods are in

vogue, namely, horse skidding, big-wheel yarding, and donkey

yarding. Overhead yarding is becoming established as a fourth.

HORSE SKIDDING.

The simplest method of yarding logs in Cahfornia is dragging or

snaking them along the ground with one or more horses. Especially

in the more open yellow and Jeffrey pine stands this method is com-

monly employed at small mills for delivering the logs to horse chutes

or trucks. Ordinarily, no roads or other improvements are neces-

sary, it being simpler to go around obstacles. The logs are always

bucked in the woods into short lengths, and usually hauled singly.

Equipment.—The skidding teams range from 2 to 6 horses each,

depending upon the distance and the size of the loads. Only heavy
work horses costing about $250 each are satisfactory. Such horses

average about four or five seasons m the woods; and though some
can be sold for a trifle at the end of that period, the annual deprecia-

tion is from 20 to 25 per cent, depending upon the severity of condi-

tions. Allowing for 150 working days, the daily depreciation on a

horse is estimated at from 38 to 40 cents. To this amount must be

added from 75 to 85 cents per day for care and feeding, and about 8

cents for shoeing. A slight additional cost occurs in winter pasturage

and in deUvery to and from pasture. Thus the average daily cost of

horse labor is about $1.40 per horse.

A set of logging harness for two horses costs from $50 to $60. The
remaining necessary equipment consists of a pair of spreaders for each

span and a heavy draft chain to extend from the log to the leaders.

This chain may be passed around one end of the log and fastened with

a grabhook, or it may be attached to a short chain fastened: to the

log with so-called grabs or dogs. In small timber tongs may be used

to hitch a single team to the logs. Logs are sometimes fastened

together into trails of tvv'^o by means of a short chain with grabs on

either end.

Doubletrees or spreaders cost about $4 per pair, if of wood; and $8

per pair, if of steel. The net cost of horse skidding tongs is about
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S4 per pair. Swampers should be outfitted with both a double-bit

ax and a crosscut saw.

Operation.—The advisabihty of horse skidding is determined pri-

marily by the size of the operation and to some extent by the length

of the haul. For small circular mills, whose mvestment must be

limited, it proves satisfactory under favorable conditions, such as

smooth surfaces, preferably sloping, and timber of moderate size.

It is also adapted to slopes (over 20 per cent) too steep for big wheels

or trucks. In large operations, areas not suited to big-wheel logging

can be yarded more economically by steam contrivances unless the

skid haul is very short indeed. A large company located advantage-

ously for a combination of horse snaking and horse chute hauHng has

during the last few years effected a considerable economy by changing

to donkey yarding with increased railroad spur construction. Horse

logging on National Forest timber sales is desirable from the stand-

point of the silviculturist, because it does less injury to reproduction

and imcut trees; but even where it is practicable, the difference in

cost is usually so great that it can not reasonably be stipulated in the

sale contract. In horse loggmg the logs may be simply bunched,

or they may be hauled as far as 600 feet from either side into chutes or

to truck landings. This distance seems usually to be the maximum
at which the most effective work is done. Instances are on record,

however, where conditions were such that the maximum haul was
double this distance. The maximum slope for horse snaking is about

45 per cent.

The simplest form of snaking is rolling and bunching logs together

in a position for loading on a truck, when the tract is so gentle in

slope that logs may be loaded from practically any point. It is

practicable in certain open yellow pine and Jeffrey pine stands. A
crew consisting of a swamper and a teamster working with a two-horse

team ordinarily furnishes and helps load enough logs for one truck,

working on a mile haul. The daily labor and team cost is $9; and
with a daily output of 13,000 feet, the average cost is 70 cents per

1,000. In a similar operation on steeper ground, where truck roads

arc so constructed as to permit the trucks being brought into fairly

close proximity to the logs, the average daily output is about 38,000

feet. The crew consists of three swampers and three teamsters with

three four-horse teams. The total daily labor and team cost is $36,

which is an average of 05 cents per 1 ,000.

Exj)oricnco in pino on the east(!rn slojx; of the Sierras lias shown
that in skidding to chutes eight horses, divided into two four-horse

teams, working a innxinium tlistance of 600 foet, should ])ut in from
20,000 to 25,000 daily, 'i'he crow re(juired is two teunistcrs and two
swampers, and the total daily cost is ."$26. Thus, nndor ordinary

conditions, the cost should range from $1.05 to $l.;iO })(U- 1,000. A
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concrete example of what may be done under favorable conditions

is shown by an operation skidding from 300 to 400 feet into chutes.

The daily output is 40,000 feet; and the logs are medium sized sugar

and yellow pine, many so large that one side must be peeled. The
crew consists of two men sniping and peeling logs, two men swamping,

two men with a two-horse rolling team each, and two men with a six-

horse skidding team each. The slopes are favorable and the smaller

logs are dogged together in trails of two or three. At going wages the

cost is about $1.10 per 1,000.

Maintenance.—The principal cost of keeping up a horse skidding

operation is depreciation on the horses. The upkeep of tools and
other equipment is very light, not in any case more than 4 or 5 cents

per 1,000.
BIG-WHEEL YARDING.

Logging to railroad spurs by big wheels is the same operation as

is commonly designated in the Lake States and the South as logging

with high-wheel carts. Ideal conditions are offered by short hauls,

smooth surfaces, absence of miderbrush and debris, flat land or

gentle slopes, and moderate sized timber. In most of the California

pine region the slope is too steep, but the big wheels are used on the

east slope and in many places on the west slope of the Sierras. They
are used most extensively in the Mount Shasta region.

Ordinarily, no road construction is necessary in big-wheel yarding;

but a small amount is required at points where some obstacle makes
it necessary to haul to a landing contourwise of the slope or on flats

thickly strewn with lava rock, which must be cleared out of the main
roads in case of long hauls. The landings are two 6-uich poles placed

parallel and at right angles to a loading spur, with a shght excava-

tion between the poles. The construction of one might require the

time of one man for one-half day. Shp-tongue big wheels require

no landings.

Equipment.—There are two types of big wheels in use. One is the

stiff-tongue or Michigan logging wheel. The size used under most
conditions has wheels 10 feet in diameter, a 6-foot tread, and 6-inch

tires. Where the ground is not too soft a 4-foot log may be straddled.

The axle is wooden; and the tongue, which is a small pole fastened

rigidly to the axle, is about 16 feet long. The cost is $135 each f. o. b.

the factory in Michigan, which would represent about $200 delivered.

Iwelve-foot wheels, with arched iron axles, designed for large timber,

are manufactured locally in California. The cost is about $250

f. o. b. factory. The other style of big wheel is the so-called sHp-

tongue, designed for steeper ground and longer hauls. The variety

in use here has 10-foot wheels, 6-inch tires, a 6i-foot tread, and a

30-foot tongue. The weight fuUy equipped is 3,600 pounds, and the

price, f. o. b. the California factory, is $350.
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Fig. 1.—a Pair of Stiff-Tongue Big Wheels at the Landing, Ready to Unload.

Fig. 2.—Slip Tongue Big Wheels with a Load of Logs, Arriving at a Mill Pond.
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The horse and harness equipment is substantially the same as for

horse skidding. Each swamper and knotter requires an ax and each

gopher an ax and shovel. Each bunching team requires a pair of

spreaders, a pair of tongs, and a rolling hook.

Operation.—The operation begins with swamping, which may-

consist simply of moving the Umbs out of the way or may involve

cutting a broad road to each tree through thick manzanita and snow-

brush. Where there is little or no underbrush, about one swamper
is required to each two pairs of wheels, which means in a camp
turning out 120,000 daily a crew of four men at a daily labor cost of

$10, or 8 cents per 1,000. In thick brush, a foreman and 16 men are

required for an operation of the same size. The labor cost is $38.75

daily, or 32 cents per 1,000. Thus, the swamping cost is about as

follows: Stands without underbrush, 10 cents per 1,000; stands with

heavy underbrush, 20 cents per 1,000; and stands with very heavy
underbrush, 30 cents per 1,000. Swamping for slip-tongue big wheels

usually costs a trifle more, because more room is required for turning.

After swamping is completed, the logs are bunched; i. e., they are

broken apart and dragged or rolled into position for the wheels.

This may vary slightly according to the wheel used, because slip-

tongue big wheels usually carry bigger loads. Under favorable

conditions, two bunch teams supply seven stiff-tongue big wheels,

and under ordinary conditions should serve six. With each bunch
team is a teamster, a hooker, a gopher, and a knotter. The knotter

trims off all limbs remaining on the logs and assists the gopher in

making an opening under each load for the binding chain.

Stiff-tongue big wheels are used to advantage on slopes from level

up to 12 per cent; and, when it is necessary, may be used on 15 per

cent slopes. Work on heavier slopes is not practicable. The maxi-

mum hauling distance for efficient work is about one-fourth mile,

though sometimes one-half mile and longer hauls are made. Under
ordinary conditions one two-horse team is sufficient for each set of

wheels. On the out trip the team is hitched on the tongue in the

usual manner, and when the load is reached the wheels are -backed

over it. The tongue is then elevated to a perpendicular position and

a binding chain passed underneath the logs and attached to the axle

on either sido. The team then pulls the tongue to the horizontal,

which tightens the binding chain and raises the logs from the ground.

The front end of t}i(» load of logs and the end of the tongue ar<^ tlKUi

bound together with a light(!r chain; the t(!am is hitched short up to

the end of the tongue; and the load is ready to proceed.

In small open yellow-pin(i tindxir when* th<i slopes are gentle but

broken l^y pitch<!S, two pairs of stifr-tongu<* big wh<i<!ls yai'ding as

far as 1,200 feet put in 22,000 daily. The average load consists of

about 600 fi'cX, tlie linibei- running about, four logs to th<i thousand.
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Each set of wheels makes about 19 or 20 trips daily. In addition to

a team and driver for each pair of wheels, there are two men and a

team to bmich the logs, and a fifth man to dig chain holes mider the

bunches. The cost of bunching is about $7.10 per day, or 31 cents

per 1,000; and of hauling, about S15 per day, or 65 cents per 1,000.

The other extreme is found in a stand of timber averaging about two
logs per 1,000, where seven pairs of big wheels put in about 120,000

feet daily; maximmn haul one-fourth mile. Each pair of wheels

has a team and teamster. The remainder of the crew consists of

four loaders, one snatch teamster, two loadmen, and one barn man.
The bunching is done by two teams and crews. A snatch team is

used to help start the"heavier loads. The cost of hauling is $60 daily,

or 50 cents per 1,000; and the cost of bunching, $26 daily, or 22 cents

per 1,000. Under conditions only moderately favorable, the average

daily output to be expected would be about 100,000, at a cost of 86

cents per 1,000.

Owing to the weight of the so-called slip-tongues, four horses must
be used on each pair. A four-horse team will haul a pair of these

wheels up a grade of from 17 to 20 per cent. On heavier grades the

wheels must be pulled back over the logs with a cable. When loaded,

they will readily come down over pitches of 35 per cent; also a slight

adverse grade can be overcome. They can be used on longer hauls;

the maximum (where truck hauling becomes cheaper) is reported to

be 1-J miles. The reason for these differences in operation lies in the

slip-tongue device. The tongue, which slides forward or backward
at will, is attached by a long rod to a lever, which is in turn connected

with an iron shaft on the top of the axle which tightens or slackens

the binding chains. Thus, when the load drags, the tongue is pulled

forward and the load raised, which lightens the draft; conversely,

when the wheels run ahead, the tongue slides back and the load is

allowed to drag and act as a brake.

On a mile haul with fairly good level road about eight round trips

are made daily. The average load is about 1,100 feet, making an

output of 9,000 daily. The labor cost is $9.50 per day, or $1.06 per

1,000. One bunching team with two men and one swamper is re-

quired in the woods for the two wheels. The cost of bunching is

about 44 cents per 1,000; and the cost of swamping, 14 cents per

1,000. On a haul of about one-fourth mile a set of slip-tongue high

wheels makes 14 trips daily with an average load of 1,200 feet. A
team and one man is required for bunching. The cost is about $1

per 1,000 for both hauling and bunching.

Stiff-tongue big wheels are superior for short hauls and good gi ound.

The sUp-tongue type is better for long hauls and slopes over 12 per

cent. The slip-tongues are sometimes undesirable on timber-sale
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areas, because of the large amount of swamping required to give

room in which to turn them.

Maintenance.—The maintenance of big wheels varies with the

size of the camp and the length of the haul. For large camps on

one-eighth mile hauls, 5 or 6 cents will cover the tool charge and 10

or 15 cents per 1,000 will meet the repairs. On very long hauls

probably 25 cents per 1,000 should be allowed for maintenance.

STEAM-DONKEY YARDING.

The most common method of yarding logs throughout the region

is by hauling on the ground with donkey engines and wire ropes or

cables. From 75 to 80 per cent of all the timber cut is yarded in

this way. This method is variously known as donkey yarding,

slack-rope yarding, or steam yarding. It is used by all the larger

companies, because it is adapted to a wide range of conditions.

Horse logging by large firms is confined to favorable areas, donkey

engines being used on all the more difficult ground. Small outfits

use horses because of the short life of the operations and the need for

limiting the amount invested.

The yarding donkeys are of all types from the fight Dolbeer or spool

donkey to very heavy and powerful double-drum machines. The
principle involved is the same in aU: The logs are hauled in from the

woods to the machine by means of a wire rope wound on a drum or

spool, and the cable is returned to the woods by means of a horse or

of a smaUer return cable.

The yarders may be set on railroad spurs, at chutes, or on reading

trails. In the case of settings on railroad spurs, the yard and land-

ing are identical and that part of the operation termed "from yard

to landing" is eliminated. The most efficient loggers are adopting

this practice, having found that under practically all conditions it is

economy in the end to construct a heavy mileage of logging railroad,

thus decreasing yarding distances and eliminating chuting or roading.

Improvements.—Blasting stumps out of yarding trails is usually

unnecessary. Only rarely are stumps blasted out and then it is done

incidentally by some member of the yarding crew. As the use of

large high-speed machines hicreasos, the l)lasting of stumps may
become more common.
Landings of some sort are necessary at practically aU donkey set-

tings on loading spurs, except when the donkeys are equipped with

A frames. Good landings j)uy for their construction by (^liminathig

delay in both yarding and loading. On sloping ground they include

excavations or fram(!Works for setting the donkey. The cheapest

kind is made by ])la(ing two logs parall(d at riglit angles to the track.

'Hie type used for loading witli a gin ])ole and ca})l('! with end hooks

or skids consists of two or tlin-f loj^s at right angles to the track and



24 BULLETIN 440, U. S. DEPARTMENT OF AGRICULTURE.

bumper logs on one or both sides of the track. The cost differs with
the amount of clearing and grading necessary. The average is from
one-haK to one day's work for a yarding crew, or from $20 to $40
each, or say, 2 cents per 1,000. In the open stands of yeUow pine a

combined bucking chute and landing is used. The landing consists

of three logs and a bumper log, and the chute is about 250 feet in

length. The average cost is $100, or about 7 cents per 1,000. The
most expensive type of landing is that used in a long logging opera-

tion on very steep ground. A large excavation must be made in the

upper bank of a railroad cut, and bucking chutes 250 feet long are

built out in two directions. The average cost is about $300 each, or

approximately 8 cents per 1,000.

Equipment.—Donkeys are ordinarily classified by the size of the
cyhnders, the diameter being given first. The original yarding
donkey was the Dolbeer or spool type, which is now used mainly for

chute and trestle construction. The standard size Dolbeer has a sin-

gle 6 by 12 inch cyhnder and weighs about 8,000 pounds. The boiler

is 36 by 6 inches and carries 160 pounds of steam. It is manufactured
in San Francisco and the cost f. o. b. factory is about $1,000. This

type has a spool for the yarding Hne and may have a single drum for

the back Hne. The usual maximum yarding distance is 800 or 1,000

feet.

Practically aU the other machines used are return line. All of the

engines have two cylinders and are connected by gears to the shafts

of two drums, one for the yarding line and one for the back line.

These gears may be either direct or compound. Compound gears give

greater speed. The drimis, placed either tandem or opposite, rotate

upon their shafts and are held fast when puUing by means of frictions,

which are apphed by hand levers. The newer and larger yarding

engines have steam frictions on the maia drum. A spool or small

friction drum may be attached to the shaft of the main drum for

loading purposes.

The boilers are upright, ranging in size from 48 inches in diameter

and 118 inches in height to 72 inches in diameter and 144 inches in

height. Some of the newer types have so-called extension fire boxes

which give larger firing space. The boilers of the older types of

engines carry about 160 or 165 pounds of steam. The newer types

carry from 175 to 200 pounds. It is important in any yarder to have

sufficient boiler space to keep up steam pressure, especially in the

mornings or after showers, when the fuel is wet.

SmaU. machines, such as 10 by 11 inch tandem drum yarders, and

9i by 10 inch and 9 by 10^ inch compound yarders, are used in the

yeUow pine stands on the east side of the Sierras. Light, rapid ma-
chines which can be readily moved are required because the timber

is small and the stand open. Machines of these sizes are usually sup-
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Fig. 1.—a 12 by 14 Yarder at a Railroad Landing in the Sugar Pine Region.

Logs yarded in long lengths and bucked in chute. Separate loading engine below track.

Fio. 2.—Steam Bucking Saw Used for Bucking at Yarding Engine.
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plementaiy to larger engines. The maximum yarding distance is

usually from 1,000 to 1,300 feet. The larger timber, where logging

conditions are good, is mostly yarded by slightly larger machines,

such as 10 by 12 mch and 10 by 13 inch tandem drum yarders, and
10-^- by 10| inch and 10 by 11 inch compounds. The maximum yard-

ing distance usually ranges from 1,300 to 1,600 feet.

The machmes commonly used for logging in the harder chances in

the Sierras, where long hauls and uphill pulls are necessary, are still

larger. The smallest are 11 by 13 inch yarders and the largest 12

by 14 inch. The latter are the largest on the market. The maximum
yarding distance is usually 2,000 feet, sometimes 2,200 feet. The
tendency is to replace worn-out yarders by larger machines, and the

manufacturers have accordingly been turning out larger engines each

year.

Table 3 gives the approximate prices, f. o. b. factory, for yarding

engines.
Table 3.

—

Prices of yarding engines.

Size. Boiler. Weight. Cost.

10 by 13.
kUjvIO.
9iby 10.

10 by 11.

11 by 13.

12 by 14.

Incfics.

60 inches diameter

.

44 inches diameter..
48 by 118 inches
Oblong, 48 inches .

.

60 by 126 inches. -.-

Oblong, 54 inches .

.

06 by 125 inches
Oblong, 60 inches..
72 by 144 inches
Oblong, 66 inches..
GO by 126 inches
Oblong, 54 inches .

.

11 by 13 ' 06 by 125 inches
Oblong, 60 inches..

9 by lOV ' 48 by 106 inches
lOi by lOi I

60 by 106 inches ....

n by 1 1
1

06 by 120 inches ....

12 by 12
1
72 by I20inches . . .

.

"
48 inches round
54 i nchcs extension

.

10 by 11 (tandem).

9JbylO.

10 by 12..

12} by 12.

54 inches round
54 inches extension.
68 inches round. : .

.

08 inches extension

.

Pounds.

IS, 000
23,000
25,000
30, 500
33, 500
37, 500
40, 000
45, 000
50, 000
28,000

37, 000

25,000
29, 500
35, 000
40,000
22, 500
24, 500
29,000

43,000

$2, 650
1,750
2,450
2,600
2,950
3,350
3,500
3,900
4,350
4,800
2,750
3,000
3,650
3,900
2,500
3,050
3,500
4,000
2,400
2,650
2,850
3,050
4,000
4,250

The approximate cost of most yarding engines can bo arrived at

by allowing 10 cents for each pound of weight.

Freight to California points is about S200 on small engines, $250
on medium, and from S300 to $350 on largo engines. In addition

each yanler must be equipped with a slod. Those range in length

from 20 feot for small yarders to 40 foot for largo machines. They
are usually built by the logger and cost from .1200 to !ii;300 each.

Either woocUmi or steel water tanks are built for each machine and
placed on tho roar of tho sleds. Tho stool tanks givo the best service

and crjst from SlOO to $200 each, d<ipending upon tlio h!/.<^ of tho

machine. Usually a slitiltor with a cornigatcul iron roof is plac<ul
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on the machines after they arrive in the woods. Three types of

efficient spark arresters are in use, varying in price from $12 to $45.

Because of the increase in size of yarding engines, there is a ten-

dency to use heavier wire rope for yarding. At present the most
satisfactory sizes for main lines are 1 inch for the small yarders,

1 1-inch for all ordinary yarders, and IJ-inch for the larger yarders

in rough country with uphill hauls. The universal back line is

five-eighths inch, except for very small machines, upon which one-

half inch is sometimes used. Dolbeers are commonly equipped with

seven-eighths-inch main line and three-eighths-inch back line.

Wire rope for logging is commonly quoted at list prices upon which

certain discounts are allowed, varying from time to time with the

price of steel. There are two grades, plow steel and extra plow steel.

Most logging rope is the latter grade. Yarding rope is commonly
composed of 6 strands of 19 wires, each about a hemp center. On
account of its greater pliability, rope having 8 strands of 19 wires

each is preferred for chokers. Table 4 gives approximate net prices

in 1914 per linear foot for standard logging wire rope f. o. b. San

Francisco.

Table 4.

—

Approximate net pricesfor standard logging wire rope in 1914 at San Francisco.

Diam-
eter.

Weight
per foot.

Plow
steel,

6 by 19.

Extra
plow
steel,

6 by 19.

Extra
plow
steel,

8 by 19.

Inches,

h
f
a

1

H
li
If
li

Pounds. Per foot.

$0.06
.085
.115
.15
.19
.24
.29

Per foot.

$0.08
.11

.15

.19

.245

.30

.37

.44

.54

Perfoot.

0.62
.89

1.20
1.58
2.00
2.45
3.00
3.55

SO. 12
.17

.27

.33

.40

.48

.58.41

Usually four or five chokers are kept on hand at each machine.

Each consists of a piece of cable from 15 to 30 feet in length, having

a loop on one and a choker hook on the other. They may be made

of old yarding cable or new 1-inch 8 by 19 strand.

The proper block equipment for a yarder consists of two "Tommy
Moores" or "Jumbos" for the yarding line, and one head or tail block

and about six 10 or 12 inch trip-hne blocks for the back line.

Shackle yarding blocks are still used in a few mstances but are

rapidly being supplanted by the "Jumbos," since the latter permit

the passage of the butt hook and chokers on the outward trip. A
moving block is sometimes added to the equipment of a yarder,

though usually one of the "Jumbos" is used for moving. Table 5

gives the approximate cost of the best grade of logging blocks f. o. b.

San Francisco.
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Table 5.

—

Approximate cost of best grade of logging blocks.

Kind of block. Size of sheave. Weight. Cost.

Trip line
Tailbloct

Do
Yarding block

Do
Do

Tommy Moore
Do'.

Moving block
Roading and yarding spool

lObvl..
15 by li.
19 by 11.

8 by 2...
10by2i.
12 by 2*.

14by S:.

16 by 8..
18 by 21.

14 by 8!.

Innhes. Pounds.
52
132

230
210

$15
25
35
21

25
30
50
60
50
45

In addition to blocks, so-called "fair-leaders" are placed on the

front of tlie sleds of narrow drum yarders, for the main line and some-

times for the back line. The cost ranges from S50 to $100 each,

depending upon size.

Operation.—Yarding begins with the moving of the machine to its

setting, which may be either on a railroad spur, a chute, or a roading

trail. After the machine is set, the back or trip line is hauled out by
a horse around several runs, passed through the tailblock and returned

to the donkey along the line of the first run. The outer end of the

main line is then attached to the back line by means of a clevis. A
short piece of cable terminating in the heavy butt hook is fastened

to the end of the main line for the purpose of attaching chokers.

Since the donkey is usually set parallel to the track or chute, a

Tommy Moore is ordinarily placed at a distance of from 200 to 250

feet from the donkey, for a main lead block. Its purpose is to steer

the logs into a bucking chute, or to bring them in parallel to the track

for loading, and to give the cable the right lead for spooling on the

drums. A second Tommy Moore may also be used farther out in

the woods when it is necessary to avoid obstacles or change the

direction of the lead. The trip line blocks are placed at intervals on

the back hne to hold it up from logs and rocks.

When the cable has been strung and everything is in readiness for

logging, the back line is reeled up on the return drum and the main
lino hauled out to the first log. A choker has previously been

hooked around one end of the log. The free end of the choker is

attached to the butt hook and the main line is reeled in, bringing the

log with it. Tlie log must ho stopped at the lead block, slack pulled

in the main line; by tlie back line, and the choker unhooked and

pjussed around the block. At the landing the choker is unhooked
and tli(! line returned to the woods for another log.

Each round trip is (h'signated as a turn. The common trail made
by the logs taken in from one location of the tail block is called a

run. Wlicn a run is completed the tail block and back lirn^ must ])e

shifted to Ihc next nni. One, two, or three logs may be brought in
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at a turn, depending upon the size of the logs and the power of the

machine. One log is by far the most common. The logs may be in

single, double, or triple lengths.

The territory yarded from a setting is usually in the form of a
more or less complete irregular half circle or half square with the

center at the main lead block. The runs extend from this common
center in the form of radii. Two settings are often made at the same
landing.

The members of the yarding crew are stationed both in the woods
and at the machine. The swampers do whatever clearing of limbs

and brush is necessary, trim off knots and limbs left on the under-

side of logs, and snipe large logs when necessary. Either one

swamper or a special man, termed variously gopher and choker

hole digger, digs holes under one end of each log to allow the passage

of the choker. Each swamper is equipped with an ax and the

choker hole digger with an ax and shovel. The riggers or rigging

slingers put the chokers on the logs and hook on the butt hook.

Each yarding donkey is in charge of a logger or hooktender. He
usually stations himself along the run where both ends of the opera-

tion can be observed. He issues all orders, and plans the arrange-

ment of the lines and the location of the runs. The frogger or block-

tender is stationed at the main lead block. He also unhooks and

sends back the chokers at the landing. If dirt and debris collect at

the frog or landing, they are cleared away by a frog shoveler. A
whistle punk stationed in the woods transmits signals by jerking a

wire attached to the whistle of the donkey. He also drives the line

horse in stringing cable. An engineer and fireman are required at

the engine. The men engaged in cutting and packing wood are

termed woodbucks. When men are required to pack water on mules

or horses they are called waterbucks.

The Dolbeer donkey, when it is used for yarding, is placed on

short hauls, about 600 or 800 feet. The logs are invariably yarded

in short lengths, though several small logs may be brought in at one

time. Several small yarding blocks are used, the principle being to

go around obstacles rather than over them. The inhaul is very slow

but powerful, and logs .can be taken up very steep slopes. When
located on a railroad spur, the Dolbeer does its own loading, which

necessitates a delay in yarding of about one-half hour for each car.

The usual output imder these conditions is from 16,000 to 19,000

daily. When yarding is done into a chute, the output is aboiit 15

per cent greater. The standard crew for a Dolbeer consists of 1

logger, 1 engineer, 1 spooltender, 1 lookout, 1 linehorse driver, 3

swampers, and 1 woodbuck. One horse is required for shifting the

line. Water is suppHed by pumping.
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The most efficient donkey logging in the yellow pine and white fir

of the East Slope region is done on an operation using 10 by 11 inch

and 10 by 13 inch machines, both direct and compound geared. The
logging chance is excellent. The stand is well distributed and the

timber medium sized, about three logs per 1,000 and five logs per

tree. The average stand is from 20,000 to 25,000 per acre. The
surface is smooth and the slopes moderate, mostly from 10 to 20 per

cent. The railroad is so built that the actual maximum distance is

from 1,300 to 1,400 feet. Logs are hauled in long lengths and bucked

by hand at the yarders. The amomit yarded daily averages from

36,000 to 40,000 for the season. The crew at each machine is com-

posed of 1 hooktender, 2 rigging slingers, 2 swampers, 1 whistlepunk,

1 frogger, 1 frog shoveler, 1 engineer, and 1 fireman. Water is sup-

plied through pipes by pumping and gravity. Slab wood from the

sawmill is used for fuel.

Compound machines lOJ by lOj mches and 10 by 13 inches are

used in the northern portion of the East Slope. The timber here is

large, averaging less than two logs per 1,000. The stand is patchy

and averages about 20,000 per acre. The surface is smooth but very

brushy and the slopes are moderate, averagmg about 20 per cent.

The logs are cut mto both single and double lengths, though mostly

into single lengths, because of their large size. The average seasonal

output is from 25,000 to 26,000 per day. The approximate maxi-

mum yarding distance is 1,400 feet. Each donkey crew is made up
of 1 hooktender, 1 head rigging slinger, 2 riggers, 1 choker-hole digger,

1 knotter, 1 whistlepunk, 1 engineer, and 1 fireman. Fuel is supplied

by cutting white fir trees into wood, loading this wood on flat cars,

and hauling it to each yarder. Water is scarce and is supplied in

tank cars. A line mule is used for stringing line.

A typical operation in the sugar and yellow pine of the southern

Sierras combines small tandem drum donkeys for hauls up to 1,200

feet and large 11 by 13 inch moguls for distances up to 2,000 feet.

The stand averages from 30,000 to 35,000 per acre, and the trees

average from six to eight logs. The country is rather rough and the

chance of more than average difficulty. The slopes are steep, ranging

from 25 to 50 per cent, '^rhc plan of logging involves a railroad along

the main stream with cliutcs up the slopes into the timber. The logs

are yarded in double lengths and bucked with steam saws. The
smaller machines ])ut in from 23,000 to 25,000 feet daily, with the

following crew: 1 logger, 2 swampers, 1 rigger, 1 lookout, 1 frogger,

1 frog shoveler, 1 engineer, 1 fireman, and 1 woodbucl<. 'I'he larger

machines average from 28,000 to 30,000 daily, and have tiie following

crew: 1 logger, 1 head rigger, 2 riggers, 2 swampers, 1 wliistlepunk,

1 frogger, 1 frog shoveler, 1 engineer, 1 fireman, and 2 woodbucks.
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Water is supplied both by pumping and by gravity. A horse is

required at each machine for shifting cable when changing runs.

One company in the southern Sierras uses 12 by 14 inch yarders

with IJ-inch cable for yarding distances up to 2,000 feet. The
country is one of steep slopes on both sides of numerous streams in a

common watershed. The logging railroad follows contourwise along

these slopes. The machines are set along the railroad, and the

logs are yarded to the track, both up and down hill. The slopes

above the track range from 25 to 40 per cent, and those below the

track from 40 to 70 per cent. The surface is smooth and there is

little underbrush. The virgin stand is about 40,000 feet per acre.

The logs are yarded in long lengths and bucked at each yarder with

a steam saw. The daily output is about 38,000 or 40,000 feet, with

the followmg crew: One hooktender, 1 frogger, 3 riggers, 1 choker-

hole digger, 2 frog shovelers, 1 whistlepunk, 1 engineer, 1 fireman, 1

woodcutter, and 1 wood teamster.

The average outputs given in the above examples include a time

allowance for movuig donkeys, but not the building of frogs or land-

mgs. It is usually more economical to have landings built by separate

crews than by the yarding crew. In easy country a donkey will make
the usual one-fourth or one-third mile move under its own power m
one-half day. In rough country double that time is required. The
donkeys are frequently moved on flat cars on the logging railroads.

From three-fourths to one day is required for such a move, regardless

of distance. Moving time is measured from the bringmg in of the

last log on one setting until the line is out ready for logging on the

next. Light donkeys are moved more quickly than heavy ones.

The period between moves depends upon the output of the donkey,

the stand per acre, and the area of the setting. It usually ranges

from three weeks to two months.

The usual time of changing a tailblock from one run to another is

from 20 to 30 minutes, depending upon the character of the country.

More difficult changes, or changes around several runs, require from

30 to 50 minutes. EHminating very unfavorable settings, the aver-

age time required for a turn is about 15 minutes. On short hauls, it

may be as low as six or seven minutes, and on long diflacult hauls, as

high as 25 minutes. The size and speed of the machine and the

character of the timber and topography aU affect the time of a turn,

but when delays due to loading, bucking, or frogging are considered,

the average for most operations is about four turns per hour. The
following information regarding the time of logging turns is intended

only to give the approximate relation of the various parts of each

turn. In a yellow-pine stand under very good conditions a 10 by
11 inch tandem drum yarder hauling 1,200 feet averaged a turn in 13
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minutes, divided as follows: Outhaul 3, hooking three-fourths, inhaul

3J, huiigup 4f , block one-half, and landing three-fourths minutes. A
compound geared machine under the same conditions, yarding from

900 to 1,000 feet, made an average turn in 8f minutes, as follows:

Outhaul 21, hooking one-half, inhaul 3 J, hungup 1|, block one-half,

and landing 1 minute. Delays waiting for steam brought the average

up to 11 or 12 minutes. A 10 by 12 inch tandem drum machine,

yarding from 700 to 800 feet on fair ground in large timber, with

two bull blocks, averaged a turn in 13i minutes, as follows: Outhaul

li, hooking Ih, inhaul 2i, hungup 4f, first lead block IJ, main lead

block three-fourths, and landing 1 minute. A 11 by 13 inch yarder

in a fairly rough comitry averaged 14 minutes to a turn on a down-
hill haul of 1,500 feet. A similar machine hauling uphill 800 feet

averaged 10 minutes per turn. An addition of 500 feet increased the

average time by 10 minutes. Usually the average time required at

a lead block is about one-half minute under favorable, three-fourths

minute mider normal, 1 minute under difficult, and 1 1 minutes ander

very difficult conditions. The time required to change a choker, on

a log hmigup behind a tree or stump, ordinarily varies from 1 to 1^

minutes.

The type of donkeys selected depends upon the character of the

timber and ground. The Dolbeer is apparently going out of use,

because labor is too great a factor in its operation and its maximum
yarding dista.nce is too short. Small compound machines are pre-

ferred in small rather light timber where the maximum yarding dis-

tance is short. Medium-sized machines are used in larger timber

under similar conditions. Shghtly larger engines are adopted in

locahties where the chance is more difficult and the yarding distance

longer. The largest yarders are used where it is desired to haid

extra long distances both up and down hill and over all obstacles.

Compound geared machines carry loss cable than the tandem drum
type. The tandem drum machines can also be used as roaders, if

occasion demands. As a rule, the smaller yarders, with shorter

lines, do more satisfactory work upon National Forest timber sale

areas.

Operators are finding it an economy to construct more logging

spm-s and thus shorten the yarding distance. Hauling logs in double

and triple lengths and bucking at the yarder or miU pond greatly

increases yarding ()frici(!n(;y, if tfie work is well arranged. The longer

sections decrease the time of hooking in the woods, follow tlio run

bettor, hang up loss, and yield more in scale foot, board measure, per

turn. A inucliine shoiil'l avcwiige 5,000 more daily liunling long logs

than sliori. logs. More povv(!rful n)aehines are ixiquii-od, however.

Wood is tlie Mnivcrs)i,l fuel I'oi- yarders. Oil burning is not at-

tempted, because (jf the di(Iic,iil(,y of delivering oil at the machines.
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The greater portion of bhe wood used consists of limbs, especially

sugar pine, cut into lengths on the ground. This hmb wood may be

carried to the yarder by the woodbuck or packed on a mule for small

machines. For larger machines, it may be dragged on a sled by
either one or two horses, or hauled in a two-horse cart. In a few

instances in the northern Sierras sound Douglas fir logs are cut by
hand into fuel at the yarder. Some companies use slab wood cut at

the mill and hauled to the woods on logging flats. Still others cut

wood from white fir, aUow it to season, and then dehver it to the

yarders on flat cars.

The cost of supplying fuel at one of the smaller compound engines

is the time of one man and a horse, or about $3.50 per day. At the

10 by 11 inch and 10 by 13 inch machines, on the East Slope, burning

slab wood, the cost is about $4.25 per day for the time of one man
and the handhng of from 1| to 2 cords at each machine. Where the

spUt fir wood is used, the amount required daily for a 10 by lOJ

machine is 2 cords, costing $2 each. The large 11 by 13 inch yarders

require about two men and a horse to furnish Hmb wood, at a cost

of $5.50 per day. Similarly the 12 by 14 inch machines on long

settings require two men and a hght team at a cost of $6.50 per day.

The first method of supplying water to donkey engine boilers

was by packing in water bags on mules. One waterbuck and mule
is required for smaU boilers, at a daily cost of $3.25. Large boilers

require double the force. At present this method is relegated to

donkeys used on raihoad and chute construction, and donkey engines

are supphed almost universaUy by water conveyed in pipes. Where
water is abundant, about one-half of the machines can be supphed

by gravity. Where water is less plentiful, from three-fourths to aU

of the machines must be supphed by pumping. The cost depends

upon the distance water must be piped and the number of machines

that can be supplied from one pump. Usually two or three machines

can be reached from a pump, and the daily cost for hire of pump-
man, repairs to pump, and the prorated cost of stringing pipe, is

from $1.50 to $2 per machine. The depreciation on pipe and pump
varies from 44 cents to 75 cents per day. In localities where water

is scarce the best method of supplying water is by means of tank

cars. The daily cost, including hauling and depreciation, is from $3

to $3.50 per machine.

Maintenance.—^A very considerable cost in yarding is the main-

tenance of the cables. The life of a main fine varies from one-

half to IJ seasons, depending upon the usage, the amount logged,

the amount of rocks, and the general difficulty of logging.

Under the favorable conditions in the yeUow pine in the eastern

Sierras, a l|-inch main fine wiU last from one to two months more
than a season and a back fine two or ijhree seasons. The average
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life under most conditions throughout the rest of the Sierras is one

season for the main Hne and two seasons for the back line. Under
favorable conditions in the central Sierras, where the soil is loose,

the average hfe of the main Une is eight months. On other opera-

tions where large machines are used on rough chances the average

life is from two-thirds to one season for the main line and two sea-

sons for the back hne, with considerable sphcing. Usually it will

not be far wrong to estimate an average hfe of one season for main
lines and two seasons for back hnes. Main Hnes on Dolbeers last

only about two-thirds of a season and the same is true for very

large yarders working under severe conditions.

In addition to cables, supplies and repairs are included in mainte-

nance. Supplies consist of oil, grease, tools, blocks, repair parts, etc.

The amount required is of course larger for the larger machines. The
cost per 1,000 is, however, much the same in different operations

under similar logging conditions without much regard to the size of

the operation. As a rule, it is from 6 to 9 cents per 1,000. The cost

of repairs varies to some extent with the size of the operation. Large

operations ordinarily have more efficient shops than smaller ones.

The repair crew at the usual donkey camp of from three to five ma-
chines is one donkey doctor, one blacksmith, and one blacksmith's

helper. At some of the sm aller camps the helper is eliminated. On
other operations one donkey doctor may look after the machines in

two camps. The board and wages of the repairmen amount to from

8 to 10 cents per 1,000, of which it is judged about four-fifths is charge-

able to yarding. In addition some of the heavier repair work is done

at the mill shop. Also one or two machines are usually overhauled

and repaired at the shop each year between logging seasons. Giving

consideration to all these factors the information at hand indicates

that the cost of maintenance in donkey yardmg is normally from 18

to 22 cents per 1,000.

OVERHEAD YARDING.

The use of this system has only just begun in the sugar and yellow

pine region. Many operators are considering it as a means of ro-

ducii)g operating costs, but they do not foci that the machinery now
oa the market meets their requirements. A few loggers have been

trying out systems of their own devising during the last two seasons,

and one or two staiuhird rigs have boon cinployod.

Two main systems arc in use in the large tim])er of the Pacific

Northwest. Both are alike in principle, having a main or standing

one Hupportof] at cIUkm* end, upon which a carriage is operated. In

one system this main lino is slack(;d off in order to allow the logs to

ho attached to llu; carriagf^; then i]\() main lino is tightened, which

57172°—Bull. 410—17 3
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lifts the log, and the carriage is hauled in. The other system pro-

vides that the main line be kept taut and sufficient slack to reach

the logs pulled m the skidding line by some slack-pulling device.

The first attempt at overhead yarding in California sugar and

yellow pme was made in 1913 with the first-mentioned system. It

was continued through 1914 and the company considers the work
so successful that a second machine is to be fitted with an overhead

rig in the near future. The engme used is a three drum, 12 by 14

inch yarder, equipped with a IJ-inch main or standing line. The
usual distance between the spar tree and tail tree is 1,800 or 1,900

feet, but spans of 2,200 feet have been made. The carriage is oper-

ated on this standing line by a 1-inch skidding line and a f-inch haul-

back. The best settmg is on the point of a secondary ridge, as the

span may then be made across a gulch or small canyon. The rig is

used both for yardmg and roading, the plan for roading being to

station a yarder at the tail tree and yard in for an additional 1,400

feet. Logs are hauled in one, two, and three log lengths, the aver-

age load being about 1,000 feet. A small donkey is stationed at

the landing for haulmg the logs m the bucking chute and loading.

The average output for four summer months was 60,000 feet per day.

Two other similar rigs are being operated experimentally, with

some success, in the Sierras. One operator in the northern portion

of the East Slope region is using a large steel skidder, known as the

universal logger. It is equipped to operate one line as an oveihead

or two lines as a ground skidder.

The system in which the main line is slackened and pulled sidewise

to the logs could hardly be used on National Forest timber sale areas

where clear cutting is not practiced. There is reason to believe,

however, that under certain conditions the other system can be used,

if provision is made m marking the trees for cutting. The cost of

overhead machines with double sets of blocks, etc., is from $12,000

to $14,000 each, delivered on the ground. Cables are not included,

and the cost of a set ranges from $2,500 to $3,000.

FROM YARD TO LANDING.

When the common yarding point is located at some distance from

the landing, a step is necessary which is usually termed chuting or

roading. It is usually done m chutes by horses, in chutes with

donkey engines, or on the groimd with donkey engines. Other pos-

sible methods are hauling with slip-tongue big wheels from yarders

used on rough ground in the midst of a big wheel logging operation,

and the use of overhead systems. Overhead systems similar to those

used for yarding may in the futm'e be utilized for roading across

canyons, up steep grades, and down rough slopes. Extra supports

could be used if necessary. Aerial tramways with frequent supports
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and several tolleys will undoubtedly be used ultimately in bringing

smaller timber do^wTi from considerable elevations; for example, red

fir for pulpwood.
CHUTE HAULING BY HORSES.

With one exception, chute hauling by horses is used only by films

with small capital. The chutes frequently extend from the woods to

the sawmill and may be as much as 8,000 or 10,000 feet in length.

A horse chute is constructed in much the same manner as a donkey

chute, but it is lighter and need not be as strong. The poles used are

cut either 50 or 60 feet in length, about 8 or 9 inches on the small

end, and as large as 16 inches on the butt end. They are laid in two

parallel rows about 5 mches apart, the ends being notched and joined.

The inner surfaces are then hewed off, in such a manner as to make the

width at the top 16 inches and at the bottom 8 inches. A rough road

must be provided alongside the chute for the team. All grades must
be toward the landing, the minimum advisable being about 5 per cent.

The more steeper grades there are, the less chute grease and the fewer

horses per team will be needed. The maximum grade employed is

about 35 per cent. Logs which have been greased above will run on

giades over 30 per cent.

A typical chute-building crew consists of five men and a foreman,

with two axmen cutting poles and hewing. The daily cost, including

stumpage for the fir poles, is approximately $28. Under rather diffi-

cult conditions this crew builds 200 feet of chute per day, at a cost of

14 cents per foot. The cost will on the v/hole range from 10 to 15

cents per linear foot, or from S530 to $795 per mile.

The customary team consists of eight horses. The number of

teams required depends upon the length of the chute and the amount
of low grade. The logs are yarded into the chute and made into

trains of from 6 to 12 logs each. The team is hitched to the last log

but one in the train and the last two logs are dogged together.

The amount hauled daily in a representative chute about 1| miles

in length, with two long flats of 5 per cent grade, is about 40,000 feet.

Two 8-horse teams, each with a teamster, are required. The rest of

tho crew consists of a man at the lower end of the chute and two
chute gi-oa8(u-s, nno of wliom sliovels frogs. The daily cost is about

$40. This is a cost of $1 per 1,000, exclusive of maintenance and
grease. On another rcprosontativo chute about 1 mile in length two
8-horse t<uinis handUi about 60,000 feet. A (h-iver and gi-easer are

required with (uich team. The daily cost is about $39, or 65 cents

per 1,000. On another chuto something over a mile in length with
two brunches and a stf^f^p pitch in the middle!, three 8-hoi'se teams are

used. Orxi Unim is used on <uich hranch and tlu^ tliii-d works between
tho foot of tho stoop grade and tho landing. T]w tlaily cost is approxi-

mately 858. At 50,000 f<)et daily \hr, cost is $1.16 p<vr 1,000; at

60,000 diiily it is 96 conts por 1.000.
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The cost of keeping up horse chutes and equipment is not high;

probably from 5 to 8 cents per 1,000 will sufhce. A very considerable

cost in many operations is the grease required to make the logs slide

in the chute. The heavier the logs and the lighter the grades the

more chute grease is necessary. The grease costs about 4 cents per

pound dehvered, in barrels of about 400 pounds. The heaviest cost

of chute grease noted is for the first horse chute described above,

which is in fairly large timber. The daily requirement is two barrels,

costing S32, or 80 cents per 1,000. Usually for chutes about a mile

in length not more than from one-half to one barrel daily is necessary,

which would ma,ke the cost from 16 to 30 cents per 1,000. On short

chutes with favorable grades in light timber the cost of chute grease

may not exceed 5 cents per 1,000.

CHUTE HAULING BY DONKEY ENGINES.

Chute-hauling by donkey engines has been a very popular method
of moving logs from yard to landing, the tendency having been to re-

duce the mileage of railroad spurs by a liberal construction of chutes.

Firms using donkey chutes extensively laid out their logging opera-

tions with railroads along the principal streams and chutes built up
on either side to tap the various tributary watersheds. Some loggers

still adhere to this system but the majority are ehminating or greatly

shortening chutes by better location and greater mileage of logging

railroads. So-called hoists or inclines in connection with logging

railroads are just beginning to be used advantageously as a substitute

for chutes. However, chutes are of value where timber is out of

reach of yarding lines either in pockets below the raihoad track or on

benches or heads of streams above the track, where the cost of con-

structing a logging spur or incline would be prohibitive.

Imjjrovements.—Most donkey chutes are constructed of two par-

allel series of poles laid end to end. The ends are jointed together,

and the tops of the poles are always placed in the direction the logs

are to be hauled. The poles are laid about 6 or 8 inches apart and

the inner sides are hewed off in such a way as to form a trough 10

inches wide at the bottom and 30 inches wide at the top. Cross skids

at 10-foot intervals are used to support the chute poles across depres-

sions, and braces are used to prevent spreading. However, where the

topography permits the two poles are embedded in the ground, which

serves the same purpose. Chute poles are preferably 60 or 70 foot

lengths from straight young white fir trees. The usual top diameter

is 10 or 12 inches, and the average pole scales about 500 feet. Thus,

where few cross skids are required, the scale per mile of chute is

about 90,000 feet. With a normal amount of cross skids the scale is

about 100,000 per mile. Stream beds and small gulches are crossed

by means of cribwork trestles, which add varying amounts to the

material required.



LUMBERliSTG IK PlITE HEGlOlsr OP CALIPOElsriA. 37

Some firms prefer wider chutes called "three pole chutes." Two
poles are placed much the same as above, but a third pole is embedded

in the ground between them. The average diameter of the outside

pole is from 14 to 18 inches, and the average diameter of the bottom

pole about 8 inches. The width at the top of the hewing is 30 inches;

the width at the bottom is 18 inches; and the depth is 8 inches. The
scale is about 10,000 feet per mile greater than that for the two-pole

type.

Donkey chutes may be constructed on nearly any necessary grade,

with the exception that long minus grades of 28 per cent or over are

apt to lead to trouble, through the logs running and jumping the chute.

The usual grade of downhill chutes varies from 3 or 4 per cent to 20

or 25 per cent. Adverse grades may occur in such chutes up to 10

or 15 per cent. Usually an extra donkey is required at the top of

any long or very steep adverse grade. The severest uphill chute

noted is one rising 800 feet in 3,900 feet of length (an average of 21

per cent), with 1,200 feet having an average grade of over 40 per

cent. The steepest stretch is 500 feet with an average grade of 54

per cent, within which is a 200-foot pitch of 60 per cent.

The best results are secured from chutes constructed on tangents,

but curves may be used where it is necessary to change the general

direction of the chute. Short curves or reverse curves are out of

the question and usually not more than two or three curves are prac-

ticable, even in the longest chutes. A change of 90° in the direction

of a chute may be made by means of two long and gradual curves.

Typical chute construction crews vary from a foreman and 17 men
to a foreman and 22 men. Each commonly has a Dolbeer donkey
engine and two horses. The total monthly cost of the former crew

is $1,285, and of the latter, $1,600. The latter crew is typical of an

extensive chute logging operation and is made up as follows

:

1 foreman $90 and board.

1 engineer 50 and board.

1 fireman 45 and board.

1 woodbuck 40 and board.

1 waterbuck 40 and board.

2 swampers 50 and board.

1 lookout 50 and board.

1 line horse driver $40 and board.

5 axmen 50 and board.

3 shovelmen 40 and board.

1 grading boss 75 and board.

5 muckers 40 and board.

1 line horse.

1 water horse.

The cost per mile of construction depends upon the configuration

of the ground and the accessiJMlity of suitable chute timber. Except
for short spurs, the cost varies from about 20 cents pvr linear foot

under favorable conditions to 40 cents per foot for difficult. Con-
struction in open stands, with no rocks and with a fair su])ply of

chute timber, costs, exclusive of stumpagc, al)Out $1,000 per mile, of

which amount $350 is for clearing and grading. Heavier grading,

with some rockwork but no trestles, costs about $1,400 per mile.
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A chute with heavy grading and a small amount of trestlework costs

about $1,500 or $1,600 per mile, A chute with one large trestle or

three or four moderate trestles costs about $1,800 per mile. A com-
bination of large trestles and heavy grading may make a chute cost

from $2,000 to $2,200 per mile. The average allowance for the cost

of chutes for good-sized logging chances should be from $1,300 to

$1,400 per mile for good conditions; from $1,500 to $1,600 for fair

conditions; and $1,800 for very difficult conditions. Chute landings

cost from $50 to $100 each.

Equipment.—The donkey engines used for chute hauling are com-

monly larger than those used for yarding. They are of the wide-

drummed type usually described as roaders. The size varies with the

difficulty and length of the haul. For short downhill pulls a 10 by 12

inch engine may be satisfactory. On the other hand, for steep uphill

pulls or very long hauls a 12 by 14 inch or even a 14 by 14 inch

roader may be used.

The f . o. b. factory cost of representative reading engines is approxi-

mately from $2,650 to $5,450.

Table 6.

—

Factory cost of representative roading engines.

Size. Weight. Cost.

Paclies. Pounds.
12 by 14 46, 000 S4,650
14 by 14 58,000 5,450
11 by 14 36,300 3,450
12 by 12 36, 500 3,500
13 by 14 45,200 4,350
10 by 12 27,000 2,650
11 by 13 38, 000 3,650
12 by 12 40,000 3,800

Main line. Back line,

Size. li-lnch f-ineh
cable. cable.

Inches. Feet. Feet.

11 by 13 4,080 10,600
12 by 12 4,070 9,850
12 by 14 6,100 13,850
14 by 14 8,100 21, 400

The prices of smaller machines and the approximate cost of placing

the engines on the ground are given under the discussion of donkey
yarding equipment.

The size of the cable used for chute hauling depends upon the

severity of the haul. For light downhill pulls 1-inch or l|-inch

main line may be used. The standard size for long and uphill hauls

is 1^-inch main line, and the usual back line is f-inch. The cost is

given under donkey yarding equipment. The cable capacity of rep-

resentative roaders is shown in Table 6.

On the main line of a chute ground rollers are placed at intervals,

and corrugated rollers, mounted onso-called dead-men, are required



LUMBERING IN PINE REGION OF CALIFORNIA. 39

at curves. Corrugated rollers 8 inches in diameter and 12 inches long

are listed at $9 eacli, and ground rollers 4 inches in diameter and 12

inches in length at $4.50 each. Trip-lme blocks similar to those used

in yardmg are requned for the back line, and a large tailblock is

placed at the outer end of the line.

Operation.—The bull donkey or roader is stationed at the landing

on the logging railroad. A second roader or swing bull may be

located farther out along a chute which is very long, crosses over a

ridge, or has as many as five yarders. Each bull donkey has a sepa-

rate crew and main and back lines. The line from the donkey at

the landing extends only as far as the swing donkey.

The yarding donkeys are stationed at various points along the

chute, usually moving farther out as each setting is completed. A
so-called frog is built in the chute at each yarder setting, and the

logs are puUed into the chute by the yarder. When several yarders

are working on a chute, a branch must be built at each setting for

making up trails. If the timber is logged in long lengths, the steam-

saw bucking is done in the chute at the yarder.

When enough logs are collected in the chute at a yarder to make a

trail, the last two logs are dogged together and the outer end of the

main hne is attached to the next to the last log. Either double

chain-grab hooks or a choker are used for this purpose. The latter

is preferred for difficult hauls. The trail of logs is then puUed into

the landing. The size of the trail depends upon the grade of the chute

and the size of the donkey. For downhill hauls the trail usually

contains from 10 to 16 logs, or from 5,000 to 7,000 board feet. On
a very heavy uphiU the average trail is from seven to nine logs, or

from 4,000 to 5,000 feet. The heavier donkeys now being intro-

duced should handle larger trails on downhill chutes.

As a general rule, the more yarders on a chute, tlie cheaper the

hauling. Some firms, usually those using chutes infrequently, place

but one yarder on a chute and thereby incur an unnecessarily heavy
cost for chute hauhng. The only excuse for such a layout is a very

short chute with only one or two settings on it. On a downhill

chute under 4,000 feet in length with a yarder averaging about 30,000

feet b. m. daily, tlie crew is as follows: One lineman, 1 bellhop, 1

engineer, and 1 fireman. The belli lop does wliat gr(^asing is neces-

sary and the lineman does the dogging. Only six trips need to be

made daily, wliicli allows corisideni])le. tinu^ for resting. T]ie daily

labor cost is about SI 2.80. Wood is furnished by one man and a

horse, and water Is pumped to ])oth machines. Exclusive of cables

and chuie gn-ase, tlie average cost p(>r 1,000 icvt is about as follows:

Operation, 4.'] c(uits; fuel, I 1 ccjils; water, 6 ceuts; miiijiteuance,

12 cents; total, 72 cents per I ,()()().
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There should be at least two yarders upon a chute from 2,000 to

4,000 feet in length. The crew is larger than that given above by
one greaser and one dogger, increasing the daily labor expense by
$5. Assuming that the yarders average 30,000 daily, the cost per

1,000 is as follows: Operation, 30 cents; fuel, 8 cents; water, 4 cents;

maintenance, 10 cents; total, 52 cents. '

The most economical chute hauling occurs where three yarders are

located upon one chute with one bull donkey. This is rarely done,

and such yarders usually do not average over 25,000 daily. The
crew contains one greaser and three doggers in addition to the num-
ber for one yarder. The daily labor expense is $23.30. The cost

per 1,000 is accordingly estimated as follows: Operation, 31 cents;

fuel, 5 cents; water, 3 cents; maintenance, 8 cents; total, 47 cents

per 1,000.

On extensive operations, where the chutes are a mile or more in

length and have several branches, it is customary to place two buU
donkeys and either four or five small yarders upon each chute.

The minimum daily output from such a chute is usually about 110,000

and the maximum 130,000. The crew required is 2 linemen, 2 bell-

hops, 4 or 5 doggers, 2 greasers, 2 shovelers, 2 engineers, and 2 fire-

men. Three men and two horses are required to supply fuel, at a

daily cost of $9.25. The daily labor cost for an output of 110,000

is about $47.25. The cost per 1,000 is approximately as follows:

Operation, 43 cents; fuel, 8 cents; water, 5 cents; maintenance, 10

cents; total, 66 cents per 1,000. The cost for a daily output of

130,000 is as follows: Operation, 38 cents; fuel, 7 cents; water, 4

cents; maintenance, 8 cents; total, 57 cents per 1,000.

The cost per 1,000 board feet of the cables used varies with the

length of the haul. Under average working conditions l^-inch main

line and f-inch back line last two full seasons. If the work is light,

they should last a season longer. Thus for chutes from 3,000 to

4,000 feet in length with two yarders averaging 30,000 each daily,

the cable cost is about 13 cents per 1,000. For a chute over a mile

in length with two bull donkeys and an average daily output of

120,000, the cable cost is about 11 cents per 1,000.

In order to overcome friction, portions of the chutes having low or

adverse grades are greased with so-called chute grease (crude petro-

leum). The brand commonly used is sold at 21 cents per pound
f. o. b. San Francisco. It usually costs about one-haH cent per

pound more in the woods. A barrel contains approximately 400

poimds and costs about $11 delivered. The amount used depends

upon the amount of unfavorable grades. A chute about 5,000 feet

in length, of which about one-quarter is upgrade at not to exceed

10 per cent, requires one barrel of grease every three days. The
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average amount hauled daily is 110,000 and the cost for grease about

4 cents per 1,000. On the other hand, a chute 4,000 feet long, with

an average adverse grade of 21 per cent and one pitch of 60 per cent,

requires four-fifths of a barrel daily for an output of 50,000. The
cost is about 14 cents per 1,000. An allowance of 5 cents per 1,000

for chute grease is ample for most chute logging in this region.

DONKEY ENGINE ROADING.

Roading with donkeys on dirt roads is rare, and when used is

really a form of double yarding. It is sometimes employed to reach

a body of timber too far away for single yarding but not large enough

to warrant the construction of a spur or chute. A yarder is placed

in the timber and a roading engine stationed at the nearest landing

to haul the logs from the yarder to the track. The logs are hauled

in the same manner as they are yarded, either singly or two abreast.

One roader can serve but a single yarder and the cost is similar to

yarding except that the crew is smaller.

A representative roader hauling 30,000 daily, a distance of from

i ,600 to 2,000 feet, requires a crew of an engineer, fireman, lineman,

blocktender, and whistlepunk. The daily labor cost is $15, or 50

cents per 1,000. Fuel and water cost about $5 per day, mainte-

nance of donkey and tools about 16 cents per 1,000, and cable main-

tenance about 12 cents per 1,000. The total cost under the conditions

given is approximately 94 cents per 1 ,000.

FROM LANDING TO MILL.

LOADING.

Logs are sent to the mill on log cars, or on trucks, either horse or

traction hauled. In general, the operation of loading is the same for

trucks as for cars. The simplest method is by hand. It requires

small logs and a high landing. This method is infrequently used for

loading on raihoad cars at the lower end of a chute. In timber

averaging five logs per 1,000, six men with peavies may average

50,000 daily at an average cost of 33 cents per 1,000. The only

equipment needed is the peavies, which cost about $18 per dozen.

The system of loading termed the "crosshaul" is widely used in

truck logging, and sometimes for loading cars. The logs are rolled

up skids and onto the truck by means of a chain or cable pulled by a

team on the opposite side of the truck. The free end of the cable is

fastened to the truck or to the load ]>y a liook and the log is rolled

up in the biglit. In truck logging tlie loadijig is usually done l)y the

truck teamster with a pair of leaders or ]>y tlie l)uncli teamster with

the bunching team. Tlius it is rather dillicult to separate the cost

from tliat of bundling or (;f truck liuuling. Ordinarily, for moderate
sized logs this C(/st should Ik; a])(;ut .'>0 or 35 (u;uts ])cr J,000. This

system is uhvA in one inslancc, under favond)l(^ conditions with a
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daily output of from 30,000 to 35,000. A crew of one teamster, two

loaders, and a team is required, at a daily cost of $10. Besides the

horses, harness, and spreaders, the only equipment needed is two

peavies for the loaders and 80 feet of loading cable costing about $7.

The most widely used method is by cable and "gin pole." It

seems best adapted to donkey logging, and is also used for loading

traction trucks. A gin pole, consisting of a log from 14 to 18 inches

in diameter by 40 feet high, is erected on the opposite side of the

track from the landing and guyed with five cables in such a manner
that the upper end is over the center of the track, A block is fastened

at the top of the gin pole and a three-fourths inch loading cable

passes through it from the loading drum of the engine. This cable

may terminate in a hook and be used in much the same manner as the

cross-haul, or it may terminate in a crotch line with two end hooks.

Upon one traction logging operation where the loading is done at

the lower end of a horse chute, the gin-pole system is used, power

being furnished by a Dolbeer donkey engine. The crew consists of 1

engineer, 1 spool tender, 2 loaders, and 1 waterbuck, with a com-

bined labor cost of $14.40 per day. The average daily output is

60,000 and the average cost 24 cents per 1,000. This should probably

be increased by 2 cents per 1,000 for maintenance of the donkey and

other equipment.

The gin-pole system is widely used where yarders are located at

landings along logging spurs. The best results are obtained with

cables terminating in a crotch line. The logs are lifted bodily in the

air and lowered in place upon the car. Motive power is commonly
furnished by a loading spool or a third drum upon the yarder. The

crew consists of a spool tender and two loaders, and the total daily

cost is 19. Such a crew is ample to handle the output of any yarder;

and usually no matter how small the daily output there can be no

reduction in the number of the crew. Thus the cost of loading

depends primarily upon the average daily output of the yarder. The

cost is as follows, according to the daily output: 25,000, 36 cents;

30,000, 30 cents; 35,000, 26 cents; 40,000, 23 cents per 1,000 feet.

The cost of loading by this system at chute landings is cheaper

than when each yarder is at a separate landing on the railroad. The

reason is that, from two to five yarders being stationed upon a given

chute, logs are delivered in quantity up to the maximum capacity of

the outfit. The loading crew is the same as at a yarder, except that

for a daily output of 120,000 it must be enlarged by one top loader,

one loader, and one shoveler. The daily labor cost is therefore about

$18.50 per day, or 15 cents per 1,000. At 100,000 daily the cost is

about 19 cents per 1,000.

A separate loading engine is probably better as a motive power

than a spool or drum upon the logging donkey. It may be either a
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VTiich operated by steam from the donkey boiler or a separate engine

and boiler. The advantage of the separate engine is that yarding or

chute hauling need not be interfered with to favor loadmg. Further,

when a separate boiler is used, loading does not lower the steam in

the donkey boiler. The crew and labor costs are the same with a

separate loading engine as with a loading spool. Probably from 2 to

4 cents per 1,000 should be added for maintenance; but this extra

cost is undoubtedly more than offset by increased efficiency in yard-

ing. A 71 by 10 inch three drum loading- donkey weighing 11,000

pounds costs $1,550 f. o. b. factory. A 6§ by 8 inch twin drum
loading engine weighing about 7,000 pounds costs about $1,000

f. o. b. factory.

One firm uses 6^ by 8 inch loading engines at each yarder or chute

donkey. The loading engines are placed on a platform' on the oppo-

site side of the track from the landing and the loading is done by
means of a short cable exactly as in the horse crosshaul. The crew

and cost is approximately the same as given above under the gin-pole

system. Another style of loading, used by one large operator in this

region, is a crotch line supported by an A frame placed on the front

ends of the donkey skids. This A frame is primarily for supporting

the yarding line and is obviously modeled upon the principle of the

steam skidders. No landings are needed, but loading is difficult,

dangerous to employees, and interferes to a certain extent with

yarding. The loading crew is the same as that employed at each

yarder by the gin-pole system.

Special log-loading machines have not yet proved satisfactory in

this region in connection with donkey logging, the cost being higher

than if a gin pole were employed. They are, however, very efficient

in big-wheel logging operations, for use in loading from log decks, for

transferring logs from one car to another, and for picking up logs

along the railroad right of way. The type generally used is a seh-

propelhng loader having an inclosed raised platform upon which is

located a donkey engine and loading drums. When loading the

trucks are raised up and the machine rests on four supports, thus

giving room for the empty cars to pass underneath. The loading is

done by a cable and crotch line passing tlu'ough a block at the end of

a boom. Tliis boom is in the form of an A frame and may be cither

rigid or swinging. The cost ranges from S5,500 to $7,500 each. The
daily capacity varies from 120,000 to 150,000, depending upon the

chance and the size of the logs. It is usually found practicable in

large big-wheel operations to deliver from 100,000 to 120,000 daily at

each loadci-. At one re[)rf'sentativ(! opciration the crew consists of

1 engin(!or, I finurian, 1 woo(ll)Ufk, I top loader, 1 se(H>nd h)a(I(M-, iiiid

2 hookers, tlie total daily cost Ix-.ing $10.10. Wat(M" is supplied in a
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tank car at a cost of $3.50 daily. The cost of loading, therefore, aver-

ages about 21 cents per 1,000. To this amount should be added 2

cents per 1,000 for maintenance of the machine.

HORSE TRUCK HAULING.

Horse truck hauling is much used at the smaller mills. Where
conditions are favorable the trucks may be taken to each tree and
the logs loaded with the truck team. In rougher localities the logs

are collected at landings by horse skidding or hauling in chutes.

Horse trucking permits a rather small woods investment, which
adapts it to small operators. Its use is limited to localities where
truck roads with moderate grades can be constructed at a reasonable

cost. In the level regions big wheels are considered more satisfactory

for short hauls.

Except in some of the level pine lands in the eastern Sierras, a road

must be constructed to each landing for truck hauling. Such roads

should have no adverse grades against the loaded trucks, and not too

heavy ones against the empty trucks. Probably 20 per cent is a

good maximum. Pitches as high as from 30 to 35 per cent are used

in some localities, but at a heavy risk of accidents to stock. Many
of the roads are constructed by simply swamping out a right of way
and driving over it. However, whenever it is necessary to cross a

slope a road must be dug out. Except where solid rock is encoun-

tered, the cost of such grading will be about 15 cents per cubic yard.

Upon a 20 per cent slope the cost per mile is estimated at from $500

to $700.

The trucks used are of heavy construction, and are usually partly

homemade. Frequently the wheels are cross sections of a log. The
tires are usually 5 or 6 inches wide. The four-wheeled type is the

only kind used. They weigh from 1,800 to 2,000 pounds apiece and

cost from $175 to $200, fitted with bunks. Binding chain and draft

chain equipment and spreaders add about $40 for each truck. Heavy
horses cost from $500 to $550 per span. The daily cost is about $1.50

each. The usual truck team consists of six horses driven with a jerk

line, the teamster riding the near wheeler. The braking may be done

by the teamster, or a swamper may follow each truck to set the brake.

Several logs are pl'aced on a truck at one time, the average load

being from 1,400 to 1,800 feet. Upon an easy mile haul a six-horse

truck should make six trips daily with an average load of 1,500 feet,

a daily output of 9,000. The cost of labor and team expense is about

$13.50 daily, or $1.50 per 1,000. On a J-mile haul the same truck

equipment should have a daily output of about 12,000 at an average

cost of $1.12 per 1,000. In one instance, upon a haul varying from 1

to 2 miles from the landings to the mill, six outfits of this character
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Fig. 1.—Loading Logs with a Crosshaul in a Horse-Truck Logging Operation.

Fic. 2.— LoAUirjo L'j'y, v/iih a Si-lcial Loaulh on a Naiiuijal Fohlst TiMbtK

Sale in California.
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F-I5956-A

FiQ. 1.—Typical Landing and Gin-Pole Used for Loading in the Sugar Pine
Region.

F-IJ79I-A

Fig. 2.—Trucks Loaded with Logs Ready for Hauling with a Traction Engine.
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average 40,000 per day. Four trips are made with an average load

of between 1,600 and 1,700 feet. The daily cost is about $80, or $2

per 1,000. The cost of upkeep ranges from 8 to 12 cents per 1,000.

TRUCK HAULING WITH TRACTION ENGINES.

Truck hauling with traction engines is used at some small circular

mills and at one single-band mill in this region. It does not require

any outlay for track, but this is often more than offset by the im-

possibihty of using the engines in wet weather. A rainy supamer

season will raise havoc with such a logging operation. On the whole,

tractions are adapted to truck hauls too long Tor horses.

The roads required are like those used for horse hauling, except

that the roadbed is wider. The cost is consequently greater. Upon
a 20 per cent slope the cost of construction, excepting rockwork, is

from S625 to $875 per mile. Damp or soft places must be corduroyed

with poles.

A common type of traction engine in use for logging is a 110 horse-

power road engine, which costs about $5,000 f. o. b. factory. The
fuel may be either wood or oil. The boiler is vertical in order that

the engine may be used on heavy grades. The weight of the engine is

about 17 tons. The outside width of the driving wheels is 9 feet 7

inches, and the width of each wheel is 26 inches. Another engine

used is a gasoline engine of the caterpillar type, designed for soft

ground. The cost of this 75-hor3epower tractor is about $4,500

f. o. b. factory. Its weight is 22,700 pounds and its width is 8 feet.

Two kinds of trucks are used with traction engines. One is four

wheeled with cither wooden or steel wheels. The common size has

bunks 9 feet wide, spaced 10 feet apart center to center. The wheels

are 4 feet 4 inches in diameter and the outside tread is 7 feet. One of

these trucks with steel wheels costs about $800 f. o. b. factory. The
other type is of all steel construction and has only three wheels, one

in the middle at the front. It is rated at 10 tons capacity, as against

16 tons capacity for the four-wheeled trucks.

. A typical traction logging operation furnishes logs for a single-band

mill in the eastern Sierras. The length of the haul varies from 2^ to

3 miles. The maximum adverse grade loaded is 2 per cent; and
empty, 14 per cent. Two wood-burning traction engines make two
trips each daily with three four-wheeled trucks. The average truck

load is 5,000 feet of logs, a daily output of 60,000. The crow of each

engine consists of one (engineer, one fireman, and one brakcman, at a

daily cost of $14.25. Approximately 4 cords of slabwood are required

daily per engine. A cord is worth about $2 per 1,000 at the mill,

making a total fuel cost of $16 per day for both engines. Oil and
grease amount to $1,10 daily per engine. Repairs to engines and
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trucks for both outfits, including blacksmithing and supply expenses,

amount to about $10 daily. The total daily cost is $56.70, or about

94 cents per 1,000. This does not include road repairs.

LOGGING RAILROADS.

Steam logging railroads are the principal means of transporting

logs from the woods to the mill. These all have steel rails, there

being no pole roads or sawn wooden rails used. The principal reason

for the wide use of railroads in logging in California is length of haul.

Much of the pine timber is at a considerable distance from trunk line

railroads, and heavy investments are required in lumber railroads or

flumes. Large mills and heavy output are necessary to warrant these

investments. In turn, large mill outputs require extensive logging

operations, which necessitate long log hauls. The general topography

of the region is rough and mountainous and the logs are too heavy to

be handled except by steam. Stream driving is practically out of

the question, both because the streams are rocky and difficult of

improvement and because sugar-pine and white-fir butt logs will not

float. Thus logging railroads are a necessity in practically all

operations of any size.

Engineering.—The location of the logging railroad and its spurs is

the most important part of the layout of an operation. The type of

railroad and the route selected depend upon the period the railroad

is to be operated and the amount of timber. The expense of con-

struction should be the least that will serve the purpose required and
at the same time permit of a reasonable cost of operation and main-

tenance. The longer a road is to be used and the heavier the traffic,

the better it can be constructed. Logging railroads are constructed

more cheaply than even branch trunk line railroads, because the

period of operation is shorter. Heavier grades, sharper curves, and

poorer roadbed may be used.

Topography is the principal factor influencing the location of

logging railroads; but the general plan of logging determines whether

they, especially branch lines, shall follow valleys, ridge faces, or the

tops of ridgeS; One reason why the railroad layout for steam yarding

differs from that for yarding by horses is that on steep ground yarding

engines work more satisfactorily uphill. Main lines are necessarily

located and constructed with greater care than spurs. Spurs are

constructed wherever they are necessary to bring timber within

chuting or yarding distance of the main track. The mileage depends

upon the topography, maximum yarding distance, amount of chute

hauling, and density of the stand.

In chute logging the main line railroads are constructed along the

streams, and chutes are relied upon to bring the timber down to them.

Spurs are constructed only to reach chute landings which can not be
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placed on the main line. The better layout, and one now coming

into general use, is to locate the logging railroads on the faces of the

slopes and ehniuiate chutes as much as possible. A large part of the

yarding can thus be done directly to the main line. Spurs are

constructed to within yarding distance of the remaining timber.

Chutes are used only to tap inaccessible coves where the amount of

timber will not warrant a spur.

Although it is ordmarily good economy to construct spurs as above,

the mileage obviously must not be increased to a point where the

saving in yarding is more than offset by the added cost of spurs.

For big-wlieel yarding, spurs should be placed within one-quarter

mile of all tmiber. For donkey yarding, with favorable conditions

for railroad building, the maximum distance from the stump to the

track should be from 1,400 to 1,500 feet. Where raih-oad construc-

tion is more difficult, the outside distance should be 2,000 feet, with a

usual maximum of 1,600 feet. Usually hi locating spurs, the proper

settings for the yarding engines are selected and the spur laid out to

reach these settings.

Switchbacks are frec|uently used in order to climb elevations where

otherwise the grade would be too steep. As many as four switch-

backs are sometunes used m laying out a single spur. Where the

rise is considerable, a log hoist or an inchne is often cheaper than

switchbacks or detours.

There are two gauges used generally for logging roads in this

region; narrow gauge, 36 inches m width, and standard gauge, 56^

inches in width. One exception is a road with a width of 1 meter.

Narrow-gauge roads can be constructed for less than standard gauge,

and the equipment is lighter and less expensive.

The standard gauge is preferred by most operators because a larger

tonnage can bo handled at a lower cost for operation and maintenance.

One of its greatest advantages is that standard equipment, such as

trunk-line cars, can be haided on it. This is of great importance

where the logging road coimects with common-carrier railroads,

because supphe.s and horse feed can be dehvercd at the camps in

the original cars and any product, such as cordwood or posts, can be

loaded for shipment on standard cars.

The narrcjw gauge is preferred in vciy rough country, because

sharper curves arc permissible, less width of roadbed is requircH, and

the const njft ion fost is less. Furtlicr, in small or sliort-tinie opera-

tion's the investment for a narrow-gaug(i railroad and ecpiipnuvnt is

all that is justified. If a narrow gauge is selected as the proper

typo all logging raikoads on tlie operation slioiild be of the same
gauge.

The maximum grades and curvature allowalde on a logging rail-

road vary with the character of lh<^ line and tlie type of locomotive.
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Grades and curvature may be heavier on spurs than on the main
line where heavier loads must be handled. A geared engine can

negotiate heavier grades and sharper curves than a rod engine.

Narrow-gauge equipment can foUow sharper curves than standard.

Except where topographic conditions forbid, long main-line log-

ging railroads are usually constructed to permit the use of rod engines.

The maximum grades allowed are 3 or sometimes 4 per cent empty
and 1 per cent loaded. The sharpest curves are usually 16° for

standard gauge and 20° for narrow gauge.^ In rougher regions

even main lines can not be constructed for rod engines at a reasonable

cost and geared engines must be used. The maximum grades ordi-

narily employed are 5 per cent empty and 2 per cent loaded. A
heavier grade than 5 per cent can be surmounted, but it is difficult

to hold a heavy train on the down grade. The maximum curves

used are from 25° to 30° for standard gauge and from 30° to 40° for

narrow gauge.

Logging spurs are usually constructed for the use of geared engines

with a few cars at a time. The usual maximum grade for empties

is 7 or 8 per cent, or even 10 per cent on short pitches, and the maxi-

mum for loads about 4J per cent. The usual maximum curve for

narrow-gauge spurs is 50°, though in some instances curves as sharp

as 60° are used. The maximum for standard gauge is about 40°.

One company using saddle-tank dinkey rod locomotives with a wheel

base of 8 feet constructs its narrow-gauge logging spurs with maximum
grades of 5 per cent empty and 2 per cent loaded and a maximum
curvature of 50°. The maximum grades given above are of course

compensated on curves at the rate of from 0.02 to 0.03 per cent per

degree.

All of the larger companies employ competent woods engineers

to lay out their railroads. The engineers cooperate with the woods

superintendent in determining roughly the routes of main-line exten-

sions and spurs. The engineering force then makes prehminary

and permanent location surveys and exercises general supervision

over the construction. Upon the larger operations the engineer has

a crew of a transitman and two helpers. The engineer is usually

employed the year round and devotes his time in winter to mapping

and cruising. During the summer considerable time of the engineering

force IS devoted to rumiing land Hues and other activities apart from

railroad construction. The cost of engineering upon logging railroads

varies from $200 to $400 per mile for main lines, depending upon the

difficulty, and from $125 to $250 per mile for spurs. In the construc-

tion of commercial railroads it is usually customary to figure engineer-

ing as 5 per cent of the other costs.

' straight cormected saddle-tarLk locomotives with a short wheel base can be operated over sharper curves

than these.
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Construction.—The first step in railroad construction, following

the final survey, is the clearing of the right of way by felling all trees

and cutting out all brush and reproduction. The usual clearing crew

is two men, who, under ordinary conditions, clear from 1 to 1| miles

of narrow-gauge right of way per month. Saws and axes are used

for felling and swamping, and after the trees are felled the butt logs

are bucked ofi" and rolled outside the right of way with jackscrews.

In ordinary sugar and yellow pine stands the cost of clearing the

right of way ranges from S40 to S45 per acre. The average width of

clearing for a narrow-gauge road is from 20 feet for flat country to 30

feet in broken country. The former is about 2^ acres per mile and

the latter about 3f . Under like conditions the clearing for a standard-

gauge road may be 5 or 10 feet wider. The cost for a narrow-gauge

right of way is ordmarily from $100 to $160 per mile, and for a

standard-gauge from $125 to $200 per mile.

Before grading is commenced all stumps which will interfere with

excavation for the roadbed must be removed. This is usually done

by blasting with 5 per cent blasting powder. An iron bar is driven

under each stump and a small piece of giant powder exploded at the

bottom of the hole. The cavity thus formed is loaded with blasting

powder, and the explosion of this charge blows out the stump.

Average loads are one-fourth box (12^ pounds) for a 12 to 16 inch

stump, 1 box for a 30 to 36 inch stump, and from 2 to 2^ boxes for a

60-inch stump. Yellow pine is the most difficult to blast out and

sugar pine and incense cedar the easiest in about the ratio of 1^

boxes for a 30-inch yellow pine to three-fom'ths box for a 30-inch

incense cedar.

Blasting powder comes in 50-pound boxes, which cost from $3.25

to $3.75 each delivered on the works. Counting in a man's labor for

from one to two hours, caps, a stick and a half of giant powder, and
the necessary fuse, the cost of removing a 36-inch pine stump is from

$4 to $5. The cost of blasting stumps per mile varies with the

species, number, and size of the stumps. In normal sugar and yellow

pine stands it averages from $200 to $250 per mile, respectively, for

narrow and standard gauge. Some miles run as high as $400 each.

When the stumps have been removed the right of way is ready

for the grading of the road])ed. The width of the roadl)ed varies

from 11 to 1 2 ffet for narrow gaug(; and from 13 to 1 4 feet for standard

gauge. Sidchill cuts are commonly made in such a manner that two-

thirds (jf the width of the roadbed is a solid cut and the remainder

a fill. In most cuts the sides are sloped at onci-lialf to one, which is

the equivalent of a horizontal distance of (i iiichcs to u vortical dis-

tance of 1 foot, [n very soft soil it may Ix; necessary to use a slope

57172^—Bull. 440—17 1
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of one to one. The usual slope for an earth fill is one and one-half

to one for most soils encountered in railroad building iu this region.

Most of the grading is done with pick and shovel. This is partic-

ularly true of sidehill work where the bank may be picked away and
shoveled to the lower side. Light work on fairly level ground is done

'

in the same way, the dirt being borrowed from ditches or borrow pits.

Frequently moderate sized cuts and fills, under favorable soil condi-

tions, are handled in the same manner, the material from the cuts

being mostly wasted and that needed for fills borrowed.

Pick and shovel work is usually done by day labor, as are aU other

parts of raihoad construction. As a rule the men work in crews with-

out any particular task for each. Very good results are secured, how-
ever, by assigning each man to a 25-foot station. This promotes

rivalry, as the men do not hke to be left behind when their neighbors

have finished and gone ahead. The cost of digging and spreading

dirt is commonly from 15 to 25 cents per yard for conunon loam, and
from 30 to 35 cents for heavy soils.

In larger cuts the dirt is moved to adjacent fills with wheelbarrows.

Even better success is secured by using light two-wheeled hand dump
carts holding from one-third to one-half yard. Three men handle

each cart, first filling it and then wheeling it out to the fiJl. Planks

are laid in the bottom of the cut to facilitate wheeling. The cost of

such work, where rocks are not encountered, ranges from 30 to 50

cents per yard. In very large cuts it is sometimes the practice to lay

a temporary track and remove the dirt by shoveling it by hand onto

a train of flat cars, which is hauled out on the line by an engine, the

dirt being used for ballast.

A typical pick and shovel crew consisting of a foreman, a black-

smith, a man with a team and wagon, and 44 muckers, costs $2,500

per month. Working under rather favorable conditions, with soil

that is easily worked and a moderate amount of soft rock, this crew

grades about 85 stations per month, the average amount of material

moved per station being about 60 yards. This is done at a cost of

$1,560 per mile, or 49 cents per yard.

Many firms supplement the pick and shovel crew by a second crew,

using teams and scrapers for grading the larger cuts and fills. A
typical crew of this sort contains a foreman, 3 teamsters, 3 men
holding slips, 5 muckers, and 3 two-mule teams. The cost is about

$3.20 per hour, and earthwork can be done for from 20 to 25 cents per

yard for distances not over 100 feet. So-caUed slips are used to

scrape up and transport the dirt after it has been loosened by the

muckers with picks. Wheeled scrapers are rarely used. In some
instances ordinary one-horse dump carts are employed with success

for moving dirt some distance. Steam shovels are infrequently used

in cuts on extensive main line roads, usually lumber roads rather than
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logging roads. Steam shovels may also be put to good use in loading

gravel for ballast. A 1 J-yard dipper steam shovel suitable for heavy

work costs S8,060 at San Francisco. A smaller revolving shovel with

a seven-eighth-yard dipper costs $5,640.

SoHd rock and loose rock that can not be loosened with a pick must
be broken up by blasting before excavation. Hand drills are used

in making the required shot holes. These holes are loaded with sticks

of liigh-grade giant powder, costing 11 or 12 cents per pound, and the

charges exploded by caps and fuse. Soft rock and decomposed

granite are often blasted more effectively by loading burrows with

large quantities of low-grade powder, such as is used for removing

stumps.

Average costs may be calculated by classifying the material to be

moved. Light earthwork on spurs and in smooth regions can

usually be done at an average cost of from 15 to 25 cents per cubic

yard in place. Heavier dirt work will average from 30 to 40 cents

per yard. Ordinary earthwork with a moderate amount of soft

rock averages from 40 to 50 cents per yard. The cost of grading

with a normal amount of rock ordinarily averages from 50 to 60

cents per yard. Most of the logging roads on the west slope of the

Sierras are graded at this average cost. Soft rock requires an
expenditure of about 75 cents per yard and removing solid rock

costs $1 or more per yard.

The easiest grading occurs in the flat sugar and yellow pine stands

of the northeastern part of the State, where the average cost for

standard-gauge spm^s is often about $800 per mile. Some miles are

graded for as low as $200 or $300. The next cheapest work is in the

yellow pine of the eastern Sierras, where, in moderately rolling

regions, the average cost is from $900 to $1,000 per mile. For the

easier grading in moderately rough regions on the west side of the

Sierras, where about from 50 to 70 yards are removed per station,

the cost Ls from $1,500 to $2,000 per mile. The average cost m this

part of the region for fairly rough localities is from $3,000 to $4,000

per mile. The steeper and rougher regions necessitate an average

grading cost of from $5,000 to $5,500, and on some lines the cost may
be as high as $7,000 per mile. An unusually large ainomit of rock-

work nms the cost of some miles up to $12,000. For most of the

sugar pine stands th(^ average; cost of grading main lines and s])urs is

bctwceen $3,500 and $5,000 ]wr mile. The oost of gniding a narrow-

gaugf! roadbed is from 10 to 20 ])o.i' c(^nt less than a standard gauge.

For t(;mp(jrary lines it is frequenl-ly chea])(;r to construct cribbings

or trestles than lilis. (Jribbings an; UHod in shallow (l('])rossions, and

consist of larg(! logs laid at right angles to tlui track 12 feet apart

from ccnivr to center, Tw(j other logs an^ laid l(;ngth\vise on these

for stringf^rs. ^fhe cost for an uvenigo h(!igli(. of lioin 4\ to 5 f(ud, is
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from 50 to 60 cents per linear foot, exclusive of stumpage. From
400,000 to 450,000 feet board measure of logs are required per mile.

Two types of frame trestles are in use on logging railroads, namely,

rough timber and sawed timber trestles. Rough timber is usually

used on spurs or lines which wUl be in use for a short time only, be-

cause it decays more quickly than sawed timber. Its durability is

increased, however, by peeling the poles. Where suitable pole tim^'^r

is available, a rough timber trestle can be constructed more cheaply

than one with a sawed frame.. Rough timber trestles are commonly
built with bents 15 feet apart from center to center. Each bent con-

tains a log for a siU and four smaller logs for posts. Rough timbers

are used for caps and stringers, but the bracing is done with sawed 3

by 8 inch planks. The usual method of building such a trestle is to

place a Dolbeer donkey at the site and skid the sUls, posts, and caps

in from the near-by timber. The bents are then built on the ground

and raised to a vertical position by the donkey engine. In one in-

stance a crew of 18 men working in this manner constructed a stand-

ard-gauge rough timber trestle 255 feet long, with a maximum height

of 38 feet in eight working days, at a labor and supply cost of $416.

The log scale of the material involved was as follows: Caps, 2,700

feet; stringers, 6,900 feet; posts, 9,420 feet; sUls, 10,400 feet; total,

29,420 feet. In addition, 4,800 feet of braces were required. Allow-

ing $1 per 1,000 stumpage on the rough timber and $12 per 1,000 as

the cost of braces, the total cost is $503. Thus, for this example, the

cost per 1,000 is $14.80, and the cost per linear foot is $1.97.

Sawed timber trestles are hkewise constructed with bents 15 or 16

feet apart. Each bent rests upon a sill which may be either a sawed

10 by 12 inch timber or a cedar log. Four 10 by 10 inch posts are

used in each bent, the two outside having a batter of 2 or 3 inches per

foot. Each bent has a 10 by 12 inch cap 12 feet in length. Three 6

by 16 inch stringers are placed under each rail to suppc.t the ties.

The bents are brace, with 2 by 8 inch or 3 by 8 inch sway and
coUar braces and froi- 3 by 8 inch to 4 by 8 inch stringer braces.

These dimensions are for standard-gauge logging trestles The caps

and sills are shorter in narrow-gauge trestles and some of the braces

may be lighter; therefo_ , from 5 to 10 per cent less timber is required.

Otherwise the cost is very little less for a narrow-gauge trestle, because

the work of erection is about the same.

The cost of frame trestles is usually figured at so much per 1,000

feet board measure of the lumber used. This cost is made to include

lumber, bolts, and other supplies, and the labor of building the foun-

dations and framing the trestle, the lumber being usually charged ir

at $12 per 1,000. The costs of several representative standard-gaug-

frame trestles recently constructed on logging roads ire given i:

Table 7,
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FiQ. 1.—Main Line Logging Railroad and Dug Landing on Typical Logging

Operation in the Sugar and Yellow Pine Region.

F-I(i067-A

FiQ. 2.—Frame Trestle on Logging Railroad in the Sugar Pine Region.
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F-30927

Fig. 1.—Loaded Logging Cars Ready for Transportation to the Mill Pond.

Fig. 2.—Special Unloading Rig at the Mill Pond.

Train of loaded flat cars set in ready for unloading.
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Table 7.

—

Cost of standard-gaugeframe trestles.

53

Lengtli.
Maximum
height.

Feet,
board

measure.

Total
cost.

Cost
per 1,000.

Cost
per

linear
foot.

Feet. Feet.
620 52 105,000 $2,800 S26.66 S4.52
652 28 60,000 1,565 26.08 2.40
762 8 68,000 1,704 25.06 \23
202 32 28,000 743 26.

'
3.68

140 34 19,000 487 2^ 3.34
23S 31 31,000 724 23.35 3.04
272 - 41 45,000 1,030 22.89 3.77

144 54 30,000 713 23.76 4.95

It thus appears that the cost of constructing sawed-timber trestles

in this region varies from $23 to $27 per 1,000 feet board measure?

depending upon the difficulties of construction, particularly the

amount of work necessary in excavatmg fomidations. A good av-

erage figure for trestle construction is $25 per 1,000. The cost per

finear foot may be roughly calculated as from $2.25 to $2.75 for

trestles with a maximum height of from 10 to 25 feet, from $2.75 to

$3.50 for a maxunum height of from 25 to 35 feet, from $3.50 to $4.50

for a maximum height of from 25 to 50 feet, and from $4.50 to $5 for

a maximum height of from 50 to 55 feet.

Most of the ties used on loggmg railroads are sawed at the mill

and hauled back to the woods. The material is usually white fir or

defective cedar. Split cedar and hewed white fir are used in some
instances. The usual size on standard-gauge roads is 7 by 8 inches

by 8 feet. Some roads use with equal success ties 6 by 8 inches by
8 feet. The first size contains 37J feet board measure, and the

second 32 feet. The usual narrow-gauge tie is 6 by 8 inches by 6

feet. Sometimes, in order to cut three ties from a 16-foot timber,

the length is made 5J feet. The contents of a sawed narrow-gauge

tie is 24 feet board measure.

The number of tics per mile varies with the size of the rail, the

weight of the locomotive, and the efficiency of the roadbed. Upon
permanent main-line logging roads the usual number is 16 per rail, or

2,816 per mile. Most main-line roads and spurs have 17 per rail, or

2,992 per mile. Some spurs have 18 per rail, or 3,168 per mile. The
volume in feet board measure of 2,992 sawed ties per mile is 111,600

for the larger standard-gauge ties, 95,700 for the smaller standard-

gaug(! siz(!, and 71,800 for narrow-gauge ties. At $12 per 1,000 the

cost per mile is, respectively, $1,339.20 for the first, $1,148.40 for the

second, and $861.60 for the third. Wliere suitable young timber is

available;, hewed sluiidurd-gaiigf! ties can sometimes Ix; delivt^nul at

the track for frcjrn 20 to 25 cents each. At 20 cents each, the cost is

approximately $600 per mile.
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The size of rails also varies with the size of the locomotives and the

maximum loads. As a rule, the use of heavy rails pays. They depre-

ciate less in use and in lifting and relaymg. They can be used with

fewer ties and on a poorer roadbed than the hghter rails. The weight

of the steel rails now used varies from 30 to 60 pounds per yard.

The use of 30-pound rails is rare and is Hmited to narrow-gauge

roads with light locomotives. A few companies use 35-pound rails

on standard-gauge roads with 32-ton locomotives, but such light rails

are no longer popular. For narrow-gauge yoads, 45-pound steel is

thought to give the best satisfaction. For standard-guage roads, 50

or 56 pound steel is the choice of the most up-to-date companies. A
logging superintendent who lifts his spurs several times in a season

thinks that 56-pound steel is the cheapest in the end. Rails weighing

60 pounds per yard are used on main-line logging roads for heavy
locomotives.

Rails are ordinarily sold by the gross ton of 2,240 pounds. The
number of gross tons per mile for any size rail may be obtained by
multiplying the weight per yard by 11 and dividing by 7. The weight

in tons per mile of several representative sizes of rails is as foUpws

:

Weight
per yard.

Weight per mile.

Pounds.
35
40
45
50
56
60
65
70

Tons.
55
62
70
78
88
94
102
110

Pounds.

1,920
1,600
1,280

640
320

- The prices of steel rails fluctuate from month to month and season

to season. The following 1914 prices on new rails f. o. b. San Fran-

cisco, carload lots, are, however, sufficiently exact for estimates

:

25 to 45 pounds per yard, $1.55 per hundi'edweiglit, or $34.75 per gross ton.

50 to 90 pounds per yard, |] .835 per hundredweight, or |41 per gross ton.

The freight rates on rails and rail fastenings from San Francisco

vary from 30 cents per hundredweight for the nearest points in the

Sierras to 80 cents per hundredweight for points in northern Cali-

fornia.

First-class inspected relaying rails are quoted f. o. b. Pacific coast

terminals at the following prices

:

25 to 45 pounds, $30 to $32 per ton.

56 to 60 pounds, |33 to $35 per ton.

The common rail length is 30 feet, which gives 352 joints per mile.

The usual method of sphcing joints is by means of angle bars rather

than fishplates. The cost of standard angle bars f. o. b. San Fran-
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cisco is approximately $2.05 per hundi'edweight. The weights of

angle bars for three typical weights of rail are as follows:

Weight
of rail.

Per
joint.

Per mile.

Pounds.
35
45
60

Pounds.
12.65
18.75
32.40

Pounds.
4,450
6,600
11,400

Four bolts and nuts are required at each rail joint. They come
in kegs of 200 pounds each, at a price f. o. b. San Francisco of about

$2.65 per hundredweight. With hexagonal nuts the quantity

required per mile is as follows:

Weight of

rail.
Size of bolt.

Number
of nuts
in a keg.

Kegs per
mile.

Pounds.
35

40-45
50 and up

Inches.

2J by f
3byt

3 to 3J by f

410
395

245-270

3.4
3.6

5.2-5.7

The cost of standard-size railroad spikes, 5^ by -^ inches, f. o. b.

San Francisco, is approximately $2 per hundred weight,or S4 per keg

of 200 pounds. The bulk of the spikes used are of this size, though

smaller sizes are used for light rails on narrow-gauge lines. The
average number of kegs required per mile is about as follows:

Weight
of rails.

Size of
spikes.

Number
of spikes
per keg.

Kegs per
mile.

Pounds.
45-90
40-50
30-45

Inches.

5ibyA
5 byA
4jbyi

375
400
530

2S-30
27
20

Both stub and split switches are used in this region. The better

lines are now using the latter type. Two-way split switches with

ground throw cost about S40 each, and the installation costs about

$12. A stand costs $15 additional. A three-throw switch costs

about $60.

The track laying is usually done by hand. The custom is to deliver

the ties and rails at the point of construction on flat cars. with a

locomotive. The track-laying crew then carries the ties ahead,

places them in position, and lays tbe rails by hand. As the work
progresses, fresh supj)lics of tics and rails are moved ahead on a push

car. The same crew which lays the track commonly docs the sur-

facing, and the costs arc commonly reckoned together.
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For a standard-gauge railroad the cost is about $200 per mile for

laying the track and from $350 to $500 per mile for surfacing, depend-

ing upon the difficulty and thoroughness of the work. A good

average figure for laying and surfacing is $600 per mile. Because

the materials are lighter and the roadbed is narrower, the cost of

laying and surfacing a narrow-gauge railroad is ordinarily less. The
usual cost for a narrow-gauge ranges from $450 to $550 per mile.

Under favorable conditions on one narrow-gauge road a crew of 15

men and a foreman, at a daily cost of $37, lay and surface an average

of 400 feet of track per day. These costs are for main lines and im-

portant spurs. For spurs used only a short time the cost of sur-

facing may not be over from $150 to $200 per mile, though the cost

of laying track remains the same.

As the various spurs are logged out the track is lifted and trans-

ported to new spurs. Rails may be lifted once every season for from

15 to 20 years. Ties may usually be lifted about three times. The
cost of lifting by hand when both rails and ties are taken up is about

the same as laying track, or a little more, say from $200 to $300 per

mile.

Logging railroads are commonly operated by telephone. The cost

of a tree line is from $30 to $40 per mile. Ordinarily, logging roads

need be at no expense for fencing.

Equipment.—The equipment, or motive power and rolling stock,

consists of steam locomotives and cars or trucks. Locomotives are of

two general types; rod, or straight connected, and geared. The
choice between the two kinds is determined by the grades and curva-

ture of the road.

Rod locomotives are used for the longer hauls on main-line roads.

They make better time and cost less for maintenance. The cost of

operation per 1,000 feet board measure is thus less than for geared

engines, especially for hauls over 15 miles in length. The weight of a

rod locomotive for main-line work varies with the maximum grades

and the maximum load. The usual sizes are from 40 to 75 tons. The
larger engines are used for long lumber or log hauls. The approxi-

mate cost prices on the Pacific coast and the tractive power of rod loco-

motives foUows

:

Total
weight.

Weight
on

drivers.

Load at slow speed.

Cost.

Level.
1 per

• cent
grade.

3 per
cent
grade.

4 per
cent
grade.

Tons.
42
55
67
71

Tons.
31
40
49
57

Tons.
1,240
1,630
1,970

Tons.
415
645
665

Tons.
140
185
225

Tons.
90
125
150

S9,500
11, 200
13,900
14,600
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Because of the general roughness of the topography, most of the

loggmg in sugar and yellow pme is done by geared engines. The
weight of geared locomotives hkewise depends upon the maximum
grades and the loads to be hauled. Operators are gradually adopting

heavier engines. The smallest locomotive used is a 24-ton engine,

which is capable of handling 20,000 feet board measure on slight ad-

verse grades and the empty trucks up a 6 per cent grade on a narrow-

gauge road. Locomotives weigiiing from 32 to 42 tons are commonly
used on narrow-gauge lines for switching and main-hne hauls of mod-
erate length. Such locomotives handle trains of 40,000 feet board

measure. Locomotives up to 56 and 60 tons are used for long and

heavy hauls on narrow-gauge lines. With adverse grades of 2 per

cent such locomotives haul trains of 55,000 feet board measure.

Larger locomotives weighing 65 and 70 tons are used for main-hne

hauls on standard-gauge roads. These locomotives pull nine empty
41-foot flats up a continuous 5 per cent grade and haul a load of

60,000 up an adverse grade of 2 per cent. Geared locomotives weigh-

ing 90 tons are used for switching by one concern, but they appear to

be too heavy for the usual logging railroad track.

Three standard makes of geared engines have been used thus far in

California pine logging. The 1914 catalogue prices are as foUOws

:

Table 8.

—

Prices of standard makes of geared locomotives.

Weight.

Factory
price with
steam
brake.

Freight
to Cali-
fornia.

Air
brakes.

Total.

Tom.
18
20
24

28
.32

36
42
50
00
70
80
90

S.3,600

4,100
4, 560

5, 320
5,760
6,480
6,9,30

8,000
9,000

10, 150

13, OfX)

14,000

S510
590
660
720
780
930
830
950

1,110
1,190
1,430
1,540

$400
400
450
4.50

500
500
500
500
500
550
550
550

$4, 510
5,090
5,670
6,490
7,040
7,910
8,260
9, 4.50

10, 610
11, 890
14,980
16,090

Weight.

Load on dry rails.

Air
brakes.

Oil
burners.

Total
cost

f. 0. b.

San Fran-
cisco.

Level.
1 per
cent
grade.

4 per
cent
grade.

7 per
C(^nt

f-'rade.

Tonn.
32
42
60

Tonn.
l,.Vi8

2,0.58

2,940

Tom.
425
6.58

798

Ton».
113
149
213

Tom.
.54

. 72
102

«350
400
400

$400
500
500

S7, 290
8,790
11,115

Oil-})uniing oquipmont can bo installed for from $400 to $500 per

boiler. All locomotives under 42 tons in weight arc loaded on flat

cars; larger locomotives aro shipped on their own trucks. For from 32
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to 80 ton locomotives the shipping weight is from 5 to 8 tons less

than the working weight.

Three types of log cars are used: Separate trucks, skeleton cars

or connected trucks, and flats. Separate trucks are used on several

narrow-gauge roads. They are necessary wherever long logs must
be transported on crooked roads. The cost of upkeep is so large

and the danger of accident so great that for pine it is usually better

to buck all logs into short lengths and use skeleton or flat cars.

Because of their freedom from accidents, flat cars are believed to be
the best. Most firms are now using them. They may be used on
any grades and on curves up to 60° on narrow-gauge tracks. Air

brakes are now used on all roads except a few of the shorter narrow-

gauge hues. Pin couplers are still used on most narrow-gauge roads,

even for flat cars. Automatic couplers are used on most of the

standard-gauge roads. Practically universal use of air brakes and
automatic couplers is only a question of time.

The separate trucks used on narrow-gauge roads with hand brakes

have about 30,000 pounds capacity and are 21 feet over all (two

trucks); the average load is from 2,000 to 2,500 feet. The flats used

on narrow-gauge roads are 24 feet in length by TJ or 8 feet wide, and
have a rated capacity of 40,000 pounds. The average loads range

from 3,000 to 4,500 feet. Two types of flats are used on standard-

gauge roads. The smaUer is a 26-foot car with 60,000 pounds

capacity; the average load is from 4,500 to 5,000. A 41-foot flat is,

however, preferred, the rated capacity being 80,000 pounds; the

usual load is 7,000 or 8,000 feet.

The cost of 21-foot wooden trucks equipped with air brakes and
delivered on the Pacific coast is about $275 for 30,000 pounds capacity,

$310 for 40,000 pounds capacity, $370 for 50,000 pounds capacity,

and $470 for 50,000 pounds capacity. A San Francisco firm quotes

60,000 pounds capacity trucks rebuilt from trunk-fine equipment at

$425 each, and connected trucks with 80,000 pounds capacity,

equipped with patent bunks, at $750 each. Both types have air

brakes and automatic couplers. Another coast manufacturer quotes

the prices in Table 9, f. o. b. San Francisco.

Table 9.

—

Prices of trucks with air brakes and automatic couplers.

Capacity. Description. Length. Width. Weight.

Price
f. 0. b.

San Fran-
cisco.

Pounds.
100,000
80,000
50,000
40,000
80,000
80,000
80,000

All steel tracts
Feet. Feet. Pounds.

22,000
20,400
18,000
17,000
19,000
28,500
28,500

S850
695
570
435
735
835
900

Steel bolster trucks
do
do

Connected truck
Flat (wood)

40
41

9

Flat with bnnVs
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Many firms build their owii logging cars, particularly those using

narrow-gauge flat cars. The complete cost of building such flats,

24 feet in length, is commonly about $600. Each car is equipped

with chains for binding the logs, which cost, per car, from $10 to $20.

Upon the smaller operations usually about three sets of cars are

required; one at the pond, one on the road, and the other in the woods.

Larger operations require at least four sets of cars, a loaded and an

empty set being in the woods all of the time. In most instances a

few extra cars are in the repair shop or being used for other purposes.

With a hauhng distance of 10 miles or more, at least two locomo-

tives are required; one for the main-hne haul and the other for

switching the loads out to the main line.

Upon a road 16 miles in length, including spurs, one 35-ton main-

line rod engine, one 42-ton geared engine, and 80 flats 24 feet in

length are required for a daily output of 160,000. The usual train

load is 16 flats. A company operating 11 miles of railroad with

heavy grades has one 32-ton and two 42-ton geared locomotives and

seventy 24-foot flats. The usual train is 14 cars and the daily output

is about 250,000. A firm with a daily output of 220,000 has 20

miles of logging railroad with heavy grades and 10 miles of spurs.

Two geared locomotives, one 56 and the other 60 tons, are operated

on the main Hne. Two 37-ton geared locomotives are required for

switching on the spurs. The usual train load is 18 cars, and a total

of one hundred and fifty 24-foot flats are required.

Operation.—A general idea of the operation of logging raikoads

has already been given in the discussion of equipment. The crew

required, as well as the amount of equipment, depends upon the

daily output and the resistance. Upon small operations one loco-

motive and crew is sufficient. This engine hauls the empties out to

the woods, switches them to the yarders, picks up the loaded cars,

and takes the train to the mill. In most instances two trips are

made daily. Larger operations with longer raiboads keep one loco-

motive in the woods distributing empties and switching out the

loaded cars to a point whore they are picked up by the main line loco-

motive. Still larger operations have two main-hne locomotives and
two or more locomotives switching in the woods.

Geared lof;omotivos are slower than rod engines and more of them
are necessary for the same mileage. Enough (;rews and locomotives

should bo maintained on any operation to k(uip the loaders supplied

with empty cars. Delays causcul by lack of cars materiaUy increase

the cost of yarding and loading.

One train crew is assigned to each locomotive. On most logging

railroads the customary crow (;onsists of a condw.tor, T)rakeman,

engineer, and fireman. The daily labor cost is from $15 to $16 for

10 liours work. (JverLinie iit the r(!giil;u- ra.tes is n,ll()vv(i(l lor uny
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work in excess of tMs period. On long runs or heavy grades this

crew may be increased by a second brakeman, thus adding from

$3 to $3.50 to the daily cost. Where there are several crews the

services of a dispatcher are required.

On accoimt of the danger of setting fires with sparks from wood,
the common fuel for locomotives is oil. Burning oil also renders a

locomotive somewhat more efficient than when wood is used. Oil

is also easier to handle and saves considerable time. The amount
consumed daily depends upon the size of the locomotives and the

resistance of the road. For example, a 35-ton rod engine on a 12-mile

maui-line haul, with grades of 1 per cent loaded and 2 J per cent

empty, consumes 10 barrels daily. A 70-ton engine on a lO-mile

main-line haul, with grades of 2 per cent loaded and 5 per cent

empty, consumes 20 barrels daily. The present cost of fuel oil

dehvered at the various logging railroads in California ranges from

$1.10 to $1.30 per barrel. A good figure for estimating fuel costs is

$1.20 per barrel.

Where fuel oil is not obtainable at a reasonable cost, which is

usually at mills with lumber flumes, wood must be used—either slab

wood or split white fir. The cost is from $1.75 to $2.25 per cord,

besides the time spent in loading it on the tender. A 42-ton geared

locomotive working fairly hard requires about 7 cords per day.

Thus it appears, ehminating the extra efficiency of oil and loss of

time on the part of the train crew, that the daily cost is much the

same. One operator whose wood costs $2.50 per cord calculates

that he saves $1.50 daily on a 35-ton locomotive, and states that the

oil-bm-ning locomotive handles 16 cars and a wood burner but 14.

The expense chargeable to railroad transportation of logs, in

addition to train labor and fuel, includes the cost of lubricating oil

and waste, upkeep of locomotives and cars, and upkeep of the road-

bed. Sometimes miloading is also included. The minimum expense,

even for the shortest hauls, is from 35 to 50 cents per 1,000. The
cost. on a 5-mile haul where one locomotive and crew is employed

to get out 60,000 daily is approximately 60 cents per 1,000, divided

into 32 cents for labor and fuel, 12 cents for maintenance of way,

11 cents for repairs to rolhng stock, and 5 cents for oil, waste, and

supphes.

The cost for one haul of from 14 to 16 miles with favorable grades

and good roadbed is 84 cents per 1,000, approximately as follows:

Traiu labor, 20 cents; fuel, 14 cents; maintenance of way, 23 cents;

supphes, 3 cents; inspection and maintenance of equipment, 24

cents per 1,000. Two oil-burning locomotives are required for a

daily output of 160,000. Upon a difficult 12-mile main-line haul two
geared locomotives move 280,000 daily at a cost of 94 cents per 1,000

as follows: Labor and dispatching, 22 cents; fuel, 18 cents; oil, waste,
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etc., 2 cents; labor for maintenance of way, 18 cents; supplies for

maintenance of way, 8 cents; repairs to locomotives, 17 cents; and
repairs to cars, 9 cents per 1,000.

In general, under normal conditions the total cost of railroading,

including maintenance, is approximately as follows: From 50 to 60

cents per 1,000 for from 4 to 5 miles, from 70 to 80 cents per 1,000

for from 7 to 10 miles, from 80 cents to $1 per 1,000 for from 10 to 16

miles, from $1 to $1.20 per 1,000 for from 18 to 22 miles, and from

SI.30 to $1.50 per 1,000 for from 25 to 35 miles.

Very few rates for hauling pine logs in California have been estab-

lished on common-carrier railroads. Three such representative rates

are: 30 miles, $1.55 per 1,000; 45 miles, $2 per 1,000; and 50 miles,

$1.50 per 1,000. The first two are rather high and the last is very

reasonable. Equipment is fm^nished by the carriers in all three

instances.

Maintenance.—^The maintenance of a logging railroad is divided

into maintenance of rollmg stock and maintenance of way. The up-

keep of equipment begins with car inspection. While each train-

load of logs is being unloaded at the mill the cars are inspected.

Small repairs are made immediately, and cars in bad order are

switched to the car shop. For a double-band mill the usual inspec-

tion crew consists of two men who work between times in the car

shop. Where the number of cars is larger than common, or repairs

are extra heavy, a third man is required in the car shop. The upkeep
of trucks appears to be more than the cost of repairing flats.

Repairs to locomotives and ironwork are made in the blacksmith

and machine shops maintained at the mill. For a double-band opera-

tion, the common crew in the blacksmith shop is two men, and the

machine shop crew is three or four men. In addition to repairs on

railway equipment, the machine shop handles both sawmiU and heavy
donkey repairs. The locomotives are usually brought into the shop

in winter and more or less thoroughly overhauled. The cost of main-

taining railway equipment depends upon the efficiency of the equip-

ment and the length and severity of the haul. Under ordinary con-

ditions it may be said to average from 15 to 25 cents per 1,000.

The principal part of maintenance of way is the labor of section

crews. The customary crow consists of a foreman and four work-

men at a daily cost of $13.50. Usually such a crew can keep from

7 io 1 miles of track in satisfactory order. Two crews are required

to keep up a 14-mile line; with a daily output of 160,000 the cost is

17 cents per 1,000 and with an output of 220,000 it is 12 cents per

1 ,000. With the exception of a small expenditure for tools and rail

fust(;nings, tlie rest of tlie cost of track iriaintcnancci is for tie r(^pla(;e-

inent. Fir ties used on spurs last tliree (U' four years and can bo



62 BULLETIN" 440, U. S. DEPAETMENT OP AGRICULTURE.

lifted and relaid three times. Where they are left in place the

customary sawed fir ties must be entirely replaced in five or six years.

Cedar ties last considerably longer.

INCLINES AND LOG HOISTS.

Inclined tracks for lowering or hoisting logs are becoming an

important engineering feature in connection with logging railroads.

At points where the country rises rapidly and it is necessary for the

continuation of the logging railroad to be at a considerably higher

level, an incline will satisfactorily reach the upper level and obviate

the construction of switchbacks or detours. Timber may often be

opened up by an incline where the cost of a continuous logging

railroad would be prohibitive. Furthermore, it usually costs less to

operate an incline than several miles of heavy-grade railroad. Fre-

quently inchnes can be used advantageously for hoisting logs out

of coves or pockets below the level of the main track.

Existing inchnes have proved that their use may be extended and

that no engineering conditions are likely to be met with in construc-

tion which will prove insurmountable. A common type is one in use

in the central Sierras for lowering logs to the main line from a short

narrow-gauge hne higher up the mountain. The total length is

4,770 feet and the total descent is 840 feet. Thus the average grade

is 18 per cent, with a maximum of 35 per cent and a minimum of 14

per cent. The line is a tangent for 3,600 feet, but there are two

short 5° curves near the bottom. The track is 36-inch gauge with

40-pound rails, and narrow-gauge ties spaced about 10 or 12 per rail.

It is weU. ballasted with dirt, and apparently no other provision is

made to prevent the track creeping downhOl. Both the initial cost

of construction and the maintenance of way are less than for an

equal length of railroad, because no provision need be made for the

pounding action of a locomotive. The lowering equipment consists

of a 10 by 12 inch hoisting engine connected with a steel drum about

the same size of that on a large reading engine. A wheel about

6 feet in diameter is attached to the drum for braking. The cable

used is ordina,ry 1-inch wire logging rope. Two skeleton log cars

are lowered at one tune, each with a load of 3,000 feet board measure.

The average time of a trip is from 20 to 30 mmutes. The loaded

cars come down by gravity, controlled by the brake, and when
unloaded are hauled up by the engine.

The largest incHne in use m this region is one about 8,000 feet

in length, which has a fall of 3,100 feet, or approximately 45 per

cent. The grade is very uneven, however, varying between a

maximum of 78 per cent and a mmimum of 10 per cent. The track

is standard gauge and is well ballasted. The upper half is double

track and the lower half single track. Including gravity switching



LUMBEEING IlSr PIISTE KEGION OF CALIFORNIA. 63

tracks at top and bottom and a 14 by 14 inch lowering engine, the

total cost was approximately $100,000. There are three trestles and

one bridge with a center span of 76 feet. Except for the passing

switch the track is perfectly straight.

The method of operation is to lower a loaded car and hoist an empty
one simultaneously. A 1^-inch cable is used, which is supported by
steel sheaves. Because of the configuration of the slope, at three

points these sheaves are suspended above the track to hold the

cable down. The cars used are 80,000 pounds capacity 40-foot flats,

with a bulkhead on the front end. The average load per car is

about 6,000 feet, weighmg approximately 24 tons. One car can be

lowered every 10 minutes, though the customary working speed is

about four or five cars per hour.

The loads and empty cars are handled at each end by gravity

swi tches without locomotive switching except for setting in and taking

out the loaded and empty trains. Oil is used as fuel in the hoisting

engine. The cable is used for one season and then taken to the

woods and used as a yarding line.

Log hoists may be spurs built do%vn into coves at a grade of from

10 to 20 per cent where otherwise a chute would be required. An
extra logging donkey is ordinarily employed to let an empty car down
and haul it up again after it is loaded. Another type of log hoist is

one where the loaded cars are hauled up from one section of the

logging road to another. One such hoist located in the southern

Sierras is 2,200 feet long, with an average grade of 30 per cent and a

maximum grade of 40 per cent. The track is narrow gauge with. 35-

pound rails and is constructed and ballasted much the same as an

ordinary logging railroad. It is straight except for one 9° curve.

The engmecr in charge states that if there is more than one curve,

they must be in the same direction. A hoisting engine is employed

to haul the logs up this incline on skeleton frame cars, one or two cars

at a time. The cable used is a 1^-inch wire rope.

UNLOADING.

Unloading from horse trucks is usually done by hand with peavies,

other\viso the general method of unloading logs at tlie mill pond is

the following throughout the region. An uidoading track is con-

structed along the mill pond with the outer rail raised to give the cars

a slant toward the pond. Ordinarily a sloping deck is constructed

from this track out over the edge of the pond. After the bin(Hiig

chains are loosened, a cable terminating in a hook is used to roU the

logs from 1he car to tlu; log d(!ck. Since tlie pidl must bo toward

ihci poiu] and 1h(!r»; (;aii 1)0 no ol)stnic1ion ])<>,tweeii the car and (,h(i

pond, the. methods of operating and supporting this cable an) varied.

Olio method is to have a stationary boom ])uilt over the track from
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the land side. The cable passes through a block on the end of this

boom and is operated by a small steam winch furnished with steam

from the sawmill boilers. As each car is unloaded the train is shifted

ahead by the locomotive or by gravity.

Another system is to place the steam winch with its own boiler

upon a cribwork in the pond. The block may be attached to an

overhead cable parallel to the track or the cable may be used without

any supporting block. The third system is to have a special unload-

ing machine which shifts itself along a second track on the land side

of the unloading spur. No shifting of the train being unloaded is

necessary. This unloader consists of a boiler and winch mounted
upon a car. It may have a steel boom extending out over the loaded

cars, or a block may be slung to the log deck in front of each car

unloaded.

In some instances the train crew does the unloading. The fireman

operates the winch, the conductor and brakeman unbind the loads

and handle the unloadmg hook, and the engineer shifts the train. In

such cases it is difficult to separate the cost of unloading from the

cost of railroading. Upon one operation where the unloading is done

m this manner, one pond man handles the unloading hook. A train

of 55,000 is switched in and unloaded in about 40 minutes, the actual

unloading requiring 30 minutes. With ample allowance for mainte-

nance of winch and cable the cost of tliis unloading is $0,025 per

1,000. Another way is to have the unloading crew engage in pond
work, such as sorting logs and raismg sinkers, when not required

for unloading. In such cases the cost of pond work and unload-

ing is usually kept together. Upon certain large operations where

self-moving unloading machines are used the practice is to have a sepa-

rate unloading crew. In one case this crew consists of 1 winchman,

2 unloaders, and 1 man shoveling bark off the deck. This crew

unloads 280,000 daily at a labor cost of $11, or about 4 cents per

1,000. The usual cost of unloading is from 2 to 4 cents per 1,000.

WOODS SUPERVISION.

The field supervision of loggmg is a very important item and may
make the success or failure of a lumbermg operation. SawmiUing
can be pretty weU standardized, but the logging of each tract must
be planned on the ground, and in this planning is the chance either

to cut or swell costs. Not only is the work planned for each par-

ticular area but the operations for the whole tract must be laid out

long in advance. This caUs for competent woods superintendents

and logging engineers who are qualified to plan the layout of the

railroad and logging, as well as to supervise the work.

In addition to the logging supermtendent, woods supervision in-

cludes the camp foreman, timekeepers, night watchman, and chor^
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Fig. 1.—Log Pond and Large Double-Band Sawmill at a Representative
California Pine Lumbering Operation.

Fig. 2.— TrpiCAL Small California Single-Band Mill. Logs Supplilu by Thugk
Logging.
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boys. One operation, with work divided into two camps and a

daily output of 240,000, has the following force: One superintendent

at $3,500 per annum, two camp bosses at .$200 per month, 2 time-

keepers at $70 per month, 2 watclunen at $40 per month. The
daily cost, including board, is $46.50, which is equivalent to 19

cents per 1,000. A representative operation of 150,000 daily, with

its work divided into two camps, has the following force: One super-

intendent at $3,000 per year, 1 camp boss at $150 per month, 1 camp
boss at $125 per month, 1 timekeeper at $70 per month, and 2 watch-

men at $40 per month. The daily cost, including board, is $34.60,

which is equivalent to 23 cents per 1,000.

Another operation, with its work divided into three camps and a

daily output of 500,000, has the following force: One superintendent

at $4,000 per annum, 1 camp boss at $1,900 per annum, 2 camp bosses

at $1,445 per annum, 3 timekeepers at $70 per month, 3 scalers at

$75 per month, 4 watchmen at $40 per month, and 3 chore boys at

$40 per month. The daily cost, including board, is $114.70, which

is equivalent to 23 cents per 1,000. Calculated in the same manner,

the cost for one representative operation, turning out 225,000 daily,

is 23 cents and for another operation, turning out 160,000 daily,

is 21 cents per 1,000. These figures should be increased by from

3 to 4 cents per 1,000 for work done by the raihoad engineer not

chargeable to construction, and other like expenses. Thus, the

cost of woods supervision for large logging operations in California

pine timber ranges from 22 to 27 cents per 1,000. On small horse-

logging jobs the cost is generally the salary of a woods foreman or

part of the time of the operator.

PART III. MANUFACTURE.

MILL POND.

Practically all sawmills in this region with a daily capacity of

over 20,000 have log ponds, A few circular mills of 35,000 capacity

or less do not have ponds, because of the impossibility of getting

sufficient water at a reasonable cost. Mill ponds are almost indis-

pensable for larger ^iperii-tions. They provide a cheap method of

storing logs ahead against possible interruptions of logging opera-

tions or for extension of llx; milling season in thc^i fall. In addition,

they furnish tlio most (economical means of delivering a continuous

supply of logs from the railroad to the rnill deck. I^ogs can be sorted

a.s desired and a continuons nin may be made of any species or

grade. Immersion of logs in ponds l(;nds to wash off dirt and gravel

accumulated during logging and to loach out pitch and sap.

Ponds mjiy be sficjun^l at mill sites by utilizing natural lakes or

by damming snudl cneeks or ravines. Where ttio miU site is on a

57172'"- Hull. HO— 17 5
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flat, the pond is usually constructed by excavating the center and
building earth dykes on the low sides. In some instances a ditch

must be constructed for supplying water.

For circular mills cutting from 30,000 to 40,000 daily, the usual

size of the pond is from one-half to one acre. For single-band mills

where storage is not an item, the ponds vary from 1 to 4 acres. The
size of ponds at double-band mills depends upon the possibilities of

each site and the desire of the operator to store logs for a run, of a

month or more in the fall. Such ponds range from 4 to 14 acres.

The usual capacity of a pond, excluding sinkers, is from two-thirds

to three-fourths of a miUion feet of logs per surface acre. Where
necessary, logs may be piled in a pond with an overhead trolley,

thus about trebling the capacity. The cost is, however, very large.

The work upon a log pond may begin with unloading the cars,

and includes sortmg, raising sinkers, and delivering logs to the haul-

up. In the yellow pine of the eastern Sierras sinkers are practically

unknown, and the unloading is customarily done by the train crew.

The pond crew, therefore, consists of one man for a singls-band mill

and two men for a double-band mill. One man is stationed at the

lower end of the log slip to pole the logs into position for the hoisting

chain. The other man poles the logs to within reach of the first

and does sorting and general pond work. For a daily output of

120,000 the cost is about 5 cents per 1,000, which may be considered

the low figure for such work in good-sized plants.

Since both sugar-pine and white-fir butt logs sink on bemg placed

in the water, provision must be made for raising sinkers from ponds

where these two species are logged. The simplest scheme is one

used at a double-band mill with a small pond. The log cars are

unloaded by a stationary overhead boom at a point very near the

log slip. A swinging boom with a steam winch and cable is located

on a cribwork in the pond. After each train is unloaded, the sinkers

are picked up by tongs and swmig around by the boom to within

reach of the pikeman at the log sHp. The crew consists of two

pondmen dehvering logs to the slip, one man in a flatboat attaching

tongs to sinkers, and one winchman. One-third of the time of the

wmchman is devoted to unloading. The night crew contains only

the two pondmen. The total daily cost is therefore $17, which, dis-

tributed over 250,000 feet, is 7 cents per 1,000.

At another operation, with a large number of sinkers, the cost of

pond work is still greater. The pond crew does the unloading,

using a winch located on a cribwork in the pond. The entire crew,

except one man, works at unloading, and the average time required

for an 18-car train is 20 minutes. The unloading is done at a point

some distance from the log slip. When not unloading, the crew is

at work raising sinkers, sortmg logs, and shifting logs to the mill end
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of the pond. The crew consists of eight men, one of whom poles

logs io the jack-works. The monthly labor cost is about $630, or

11 cents per 1,000, of which about 3 cents is chargeable to unload-

ing. At one other large pond, where the logs are unloaded on the

opposite side of the pond from the mill, the cost of picking up sinkers

and storing logs is calculated for a season's run at 5 cents per 1,000,

and dehvering to the log slip at 4 cents per 1,000.

SAWMILLS.

Strictly speaking, the work in a sawmill is confined to sawing,

which includes all activities from the removal of the logs from the

pond to the delivery of rough lumber for sorting at the rear of the

mill. Sorting lumber is in the transition zone between sawmill and
yard. For convenience it will be considered as part of the milling

operation, together with the sawing.

So far, the practice in this region is to construct the sa^wmill as

close as possible to the timber. Small mills are almost invariably

located in the lower part of the logging unit. When the unit is cut

out the mill can then be moved to a new site. For large mills the

site must be accessible to enough timber for a run of sufficient length

to warrant the mill investment, say, from 15 to 25 years. In addition

to accessibihty from the logging operations, there are several other

factors which ajffect the practicability of any site. There must be

space for a log pond and a sufficient water supply. There must also

be room for the sawmill, the sawmill camp, and the lumber yard.

Further, the chmate should be stiited to air drying of lumber, and
there should be transportation facilities for the lumber.

Lack of cheap water or railroad transportation for logs has made
it advisable to place large roiUs on the nearest permanent site to the

logging operations.

Most mills in the Sierras are a long distance from trunk-hne rail-

roads, and a lumber railroad or flume is necessary. The drying yards

and finishing plants are commonly located at the lower terminals of

these railroads or flumes, because drying and handling conditions are

better there. The location of a sawmill in the valley or in a fair-

sized town gives an advantage in the disposal of by-products which
would not othei-wise bo utilized. However, und(U' present conditions

this advantage is not consixlen^d by operators as of sufficient weight

to offset the necessity of transporting logs for considerabl(>. distanc(^s.

As mill utilization improves in the futur(^, this condition may change

and the location of mills nearer centers of population be found profit-

able in many instances.

The present closo comieeiion between sawmills niul logging opera-

tions results in joint ownership and nianag(anenl, of the two tlu-ough-

out the regioj). "^Hms, llu! size; of a mill is dosdy rdatinl to th<' <"\tent
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of the logging operations, and both are governed by the investment

in transportation facilities. The sawmills in operation vary in size

from small portable rotary mills to large double-band mills with gang

saws. In the description which follows, the various types of com-
mercial sawmills are taken up in order, the smallest first. The im-

provements, equipment, sawing, and approximate cost of sawmilling

are outMned for each. The descriptions of equipment and operation

are given in greatest detail for large mills. All figures regarding

outputs and costs are based on mill tally instead of log scale.

SMALL CIRCULAR MILLS.

Practically all the small mills supplying local trade, including the

few water-power mills, are circular mills. There are no sash saws

used so far as is known. Some of these small mills have an output

as low as 10,000 feet board measure daily. The standard output for

mills operating for a steady local demand or entering outside markets

in a small way is from 20,000 to 25,000 daily.

These mills may either have a log landing or a small pond. Usu-

ally a chute and cable are employed for hauling the logs into the mill.

Inside the mill the logs are turned on the deck and carriage by an

overhead cable turner. The carriage is hand set and has either a

rack and pinion or a cable drive. The saws are inserted tooth circu-

lar, there being a lower and an overhead saw on account of the large

size of the logs. A series of dead roUs extends from the saw frame to

the rear of the mill. Generally a small circular gang edger, with three

saws, is located to the rear of the main saw. Two cut-off saws for

trimming are located along the series of roUs. Some miUs may have

a hght two-saw adjustable trimmer.

The power plant commonly consists of one engine of from 65 to 75

horsepower and a single boiler of about the same capacity. The mill

is ordinarily inclosed in a frame building with a board roof. The
building need have but one story. The engine and boiler are usually

placed together in a lean-to adjoining the main building. The cost

of such a plant complete, without yard and pond, is ordinarily about

$9,000 or $10,000. In most cases, though, the latter figure will in-

clude the yard, pond, and other improvements.

The mill crew consists of the following men : One man on log hoist,

1 dogger, 1 setter, 1 sawyer, 1 ofiT^earer, 1 edgerman, 2 cut-off men,
1 slabman, 1 sawdust man, 1 engineer, 1 foreman, and 1 night watch.

The daily labor cost for this crew is approximately $42.50. Pro-

rating this amount over a daily average of 24,000 gives a labor sawing

cost of $1.77 per 1,000. Since a considerable part of the upkeep of

the mill is included in the above daily wages, there is no very definite

information available relating to maintenance and supply charges.
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These cliarges are judged, however, to be from 25 to 40 cents per

1,000 in addition to the above labor cost. The cost of sawing is thus

from $2 to $2.15 per 1,000.

At mills of this size the gradmg and sorting is not so intensive as

at large mills. The lumber is commonly partially sorted as it is

loaded upon yard cars by two men, one of whom does the grading.

The daily wages for this crew are about $6.50, or 27 cents per 1,000.

Thus the cost of sawing and loading on cars ready for yard delivery

is commonly from $2.25 to $2.50 per 1,000. Some mills efficiently

managed do it for $2 per 1,000; others require $2 per 1,000 for saw-

ing without maintenance.

LARGE CIRCULAR MILLS.

The large circular miUs are commonly single miUs owned by small

operators. They are well adapted to logging chances not large enough
for the investment involved in a band miU. For larger chances they

generally can not compete with band miUs on account of greater

sawing cost and greater waste in sawing. Practically all the double

mills started with chcular saws have been changed into band miUs.

Large circular mills are usually built to cut from 30,000 to 45,000

feet of lumber in a 10-hour day. "When they are workmg well during

the middle of the summer season the average output is generally

about 40,000 or 41,000 per day. However, the output at both ends

of the season is not quite so large, and a fair seasonal average is about

38,000 daily. The increase in output over that of the small circular

mills is due to greater power and heavier and more efficient equip-

ment.

A representative mill of this capacity is usually equipped with a

chute or a log cur operated by a cable and a single-geared log jacker

for hoisting logs into the mill. The log deck has a log stop and

loader, a steam nigger, and an overhead turner. The carriage may
have either two or three head blocks and be either steam or cable

feed. The set works are usually operated by hand. The saws are

circular and two in number, one l)eing placed directly over the other.

The diameter of tlu; lowc^r saw when new is usually 58 mches. Some
plants have inserted-tooth saws, but most operators prefer solid-tooth

saws because of th(! smaUc^r k(^rf . A filer must be adck^d to the crew

when solid-tooih saws an^ us(h1.

Beginning at the saw frame, a series of dead rolls extends to the

reiir of the mill. B(!side these roUs is located a gang odgor, ordinarily

about 52 inches wide, with four saws. Thv, trimmer is located at one.

side still further toward the rear of the mUl. It may bo of the gang

ty\>c: with sc^ven saws or (A tlic^ adjustable ty])(^ with two or thrc^e

saws sliding on a sliaft. Some mills of this tyj)e w])ich liav(^ a market

for slab wood an; also equipped willi n Ihrec-saw slasher.
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The power plant usually consists of an engine and two boilers.

The engine is frequently underneath the mill and the boilers in a

separate boiler house. The mill floor is commonly raised from the

ground in order to make room underneath for shafts, belting, and
conveyors. The building is frame with a board roof. A conveyor is

installed for carrying out sawdust and a Hght track built to an

outside burner for slabs. The cost of the; equipment in such a plant

is about $10,000. The cost of dehvery, installation, and construction

of the building brings the cost of the completed plant up to $15,000

or $17,000, exclusive of pond and yard.

In a representative mill of this type two men are required to

operate the log jacker, do the scaling, and roll the logs down on the

deck. The logs are turned on the carriage by the steam nigger;

and two men, a setter and a dogger, handle the setworks and the

dogs on the carriage. The sawyer is located at the saw and the

offbearer places the boards and slabs on the rolls as they are sawed

from the log. The pointer transfers boards from the rolls to the

edger table and the edgerman manipulates the edger. One man is

stationed at the rear of the edger and two men manage the trimmer.

The slabs are loaded on cars and delivered to the fuel piles or slab

fire by two men. The remainder of the crew consists of a foreman,

an engineer, a fireman, a filer, a millwright, and a night watchman.

The total crew contains 19 men, and the daily cost is about $63.20.

Based upon an average daily output of 38,000, the direct cost of

sawing is $1.66 per 1,000. With a daily average of 40,000 the direct

cost is $1.58 per 1,000.- The labor cost of maintenance is largely

covered by the wages of the sawyer, engineer, and millwright. The

additional cost for supphes and overhauling is judged to be from

25 to 40 cents per 1,000. Thus the cost of sawing is from $1.90 to

$2.10 per 1,000 feet.

There are two common methods of loading lumber for yard

delivery at these mills. One is to load the boards on small cars

directly behind the trimmer; the other is to allow the lumber to pass

upon a sorting table behind the trimmer, from which table it is loaded

on various lumber cars or trucks. The latter method allows a better

separation of the different grades. The crew is the same in each

mstance, a grader and two sorters. The daily labor cost is $9.25,

or the equivalent of 24 cents per 1,000 for a daily output of 38,000.

Thus the average cost of sawing and sorting in mills of this class is

from $2.10 to $2.40 per 1,000, depending upon the cost of labor and

material and the class of lumber manufactured.

Circular miUs are frequently intermittent in operation and thus

incur costs while idle. Crews are often less efficient than in larger

mills, and the mill equipment and yard facihties generally are not

such as to obtain the best quality of lumber from the logs.
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SINGLE-BAND MILLS.

The principal advantages of a band mill are the small saw kerf

and high speed in sawing. The investment is larger than for a circular

miU and the daily output must be greater. This calls for heavier

and better equipment aU through the mill.

Single-band mills are well adapted to medium-sized logging chances

and have many advantages over both smaller and larger miUs.

The initial investment is not too great for an operator of moderate

means ; and the operation lends itself peculiarly well to management
by one man. Thus, in many instances it is the most desirable

mill for operating ui National Forest timber. Because of certain dis-

advantages m operation and upkeep, the sawing cost is frequently

a Httle higher than for a double-band mill. Where the output of a

smgie-band mill in 10 hours will not warrant the required investment

in loggmg facihties and stumpage, it is often better to work a day
and a night shift than to construct a double-band miU. The dis-

advantage of workmg double shift is that little time is left for mill

inspection and repans.

Although similar in type, single-band mills throughout the region

vary in details and thoroughness of construction, according to the

length of time they are to be used and whether they are to be operated

for one or two shifts daily. The mitial cost varies from $35,000 to

$75,000, exclusive of pond and yard. The 10-hour output likewise

ranges from 50,000 to 65,000. The output for a mill operating

double shift is from 110,000 to 120,000 per day.

The equipment varies in the same way as the construction; that is,

heavier equipment is used in the mills intended for operating double

shifts or producing the maximum daily output. The sawing equip-

ment of a representative mill consists of the foUowmg articles:

1 log jacker.

1 log kicker.

1 log stop and loader.

1 steam log turner.

1 8-foot or 9-foot Vjand mill, either right or

left.

1 carriage, with either two or three head-

blocks.

Steam or power HOt work.s for carriage.

Steam or calde feed works for carriage.

1 series live rolls.

1 60-inch gang edger.

1 lumber transfer to trimmer.

I slash transfer.

1 overhead slasher.

1 gang trimmer.

I lumber-sorting transfer.

I chain refuse conveyor.

i''iliiig room, etiuippcd for filing band and
circular saws.

The mill budding is commonly of two-story frame construction, 35
or 40 feet in width by 120 f(!(',t in l(;nglh. The roof is often made of

corrugat(!d iron inst(!ad of shingles or boards. The boUers are placed

in an adjoining boiler house, which may be of wood, corrugated iron,

or hrifk, dcjxjnding upon the pcu-nianence of the mill. The eiighie

room Is usually underiHiulh the mill door. A satisfactory power |)laiit

consists of a 16 ])y 36 inch engine and two 60-inch hy 16-f()<)t boilers,

the aggregate development Ixiing from 250 to '.'AH) horsepower-.
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The crew of a representative single-band mill is made up of the

following men: One man scaling and operating log j acker, 1 man on

log deck, 1 sawyer, 1 setter, 1 dogger, 1 offbearer, 1 pointer, 1 edger-

man, 2 men at rear edger table, 1 man tending cut-off and slasher,

2 men at trunmer, 1 slab and burner man, 1 foreman, 1 filer, 1 mill-

wright and oiler, 1 engineer, 1 fireman, 1 laborer clearing"up bark and

refuse, and 1 watchman.

The daily cost of this crew is approximately $75. Witb a daily

output of 60,000 the direct cost of sawing is $1.25 per 1,000. The
average cost of maintenance, mcluding supplies and repairs, is ap-

proximately 50 cents per 1,000. This is an average for the normal

life of a miU, the repairs being less diu-ing the first few years. Thus
the average sawing cost is about $1,75 per 1,000, varying normally

from $1.65 to $1.85 per 1,000. Some single-band mOls by efficient

arrangement and more elaborate equipment cut down the above crew

without reducing the output, until the cost of sawing is as low as for

a double-band miU.

All single-band miUs use a table with chain conveyor for grading

and sorting the lumber after it leaves the trimmer. The standard

crew consists of one grader and four sorters, and the daily pay roll

is about $13.75. The cost for a daily production of- 60,000 is there-

fore about 23 cents per 1,000. Thus the total cost of sawing and

sorting normally ranges from $1.90 to $2.10 per 1,000.

DOUBLE-BAND MILLS.

Double-band miUs produce the bulk of the lumber output of the

region, and the description of their equipment and sawing operations

is given below in detail. The typical miU with twin band saws is

frequently increased by the addition of a resaw or a gang saw. In

some mills one of the band saws is of the so-called pony type, and

one scheme of mill layout involves a single band and a gang. The
standard type is accordingly described first, after which the various

modifications are mentioned. A rough plan of the layout of a double-

band mill is given on page 73. No two mills are designed exactly

alike, and the plan given is not advanced as a model but is simply

intended to show the general type of sugar and yellow pine miUs and
to assist in a clearer understanding of the text.

The first step in the operation is the removal of the logs from the

pond. Since the sawing floor is commonly elevated, it is generally

necessary to hoist the logs some distance. This is accomphshed in

two ways; by the use of a steel car drawn up on a track by a cable^

or by hauling the logs one at a time up a log shp by an endless sprocket

chain. The latter method is the better, especially when the logs are

to be hoisted a considerable distance. Less power is required for the

other method, however.
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Mill Floor Layout
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The log hoist enters about the center of the front end of the miU
building. A log deck slopes either way from it toward the sides of the

miU; one for the left-hand and the other for the right-hand saw. Each
log deck is about 30 feet long and 12 or 14 feet wide. One man is

stationed at the head of the log hoist to operate the jack works and
scale the logs. Where a log shp is used he also operates the steam log

kicker, an apphance that shoves the logs out of the slip onto one or

the other of the decks.

One side of the mill, that with the smaller saw, is commonly selected

for sawing the smaller logs-. Thus the small logs are kicked out on
the deck on that side, which for the sake of convenience may be
considered in this description as the right-hand. Usually two men
are kept on the log decks to clean the logs and remove all dirt, gravel,

etc., from the bark. As the logs roll down the decks they are stopped

and held until ready for loading on the carriage by the steam log

stop and loader. The actual loading and turning of logs on the

carriage is done by a steam log tmner on the left-hand deck and a

steam nigger on the right-hand, the latter having the more rapid

action and therefore being better adapted to handling small logs.

The left-hand carriage is equipped for handling large logs and has

two headblocks about 10 feet apart. It is usually propelled by
steam (shotgmi) feed. The other carriage is usuall}^ Hghter and
equipped with a faster feed, which may be either steam or a cable

operated by a twin engine. The right-hand carriage often has three

headblocks, spaced 10 and 5 feet apart. Both carriages usually have

the same kind of set works, which may be either rope drive or steam,

the former preferred. Three men are required on each carriage, the

setter to operate the set works and two doggers to set the dogs at

each end of the log.

The sawyer is stationed directly between the log deck and the saw.

He exercises general supervision over the sawing of the logs, instruct-

ing the setter as to the material to be cut from each. He operates

with one hand the lever which controls the movements of the car-

riage, and with the other the lever which directs the work of the

steam nigger or log turner. He controls the log stop and loader by a

foot lever. One sawyer is required for each band saw.

Band mills consist of an endless saw revolving upon an upper and

a lower wheel. The wheels are usually 8 feet in diameter for the

smaller saw and 9 feet for the larger, the combination of 9 and 10 foot

mills occurring in but few instances. The sawing is done at a point

between the two wheels. The bands used in this region have but

one cutting edge, thus but one board is removed at each forward and

backward movement of the carriage past the saw. The saws com-

monly used in California pine are 14 gauge and are swaged to cut a

kerf of five-thirty-seconds inch or scant three-sixteenths mch. The
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width may be either 12 or 14 inches. The length of a saw for a

9-foot band is 56 feet, and for an 8-foot band the length is 45 feet.

The cost f. o. b. San Francisco is $2.25 per foot for 12-inch widths, and

$3.15 per foot for 14-inch.

As the slabs and boards are sawed from the log they fall upon
live rolls, consisting of iron cylinders 1 foot m diameter and 2^ or 3

feet in length, spaced 4 feet apart in two parallel series extending

from each band saw to the trimmer conveyor in the rear of the mill.

The rolls are rotated continuously in the direction of the rear of the

mill by means of shafting and gears. An off-bearer stands behind each

saw for the purpose of seeing that the boards and slabs fall on the

rolls free of the saw.

The boards pass down the Uve rolls until they reach the edgers^

where an automatic transfer removes them to the edger table. An
edger is provided for each band saw. The usual type is a 60-inch gang

with four or five circular saws. Two men are required at each edger,

a pointer and an edgerman. The boards are fed through the edger,

the saws having first been adjusted to cut off the edgings and saw the

boards into the widths desired.

From the edgers the lumber and edgings pass to a double series of

Hve rolls, about 6 feet wide and 30 feet m length, termed rear edger

tables. Underneath these tables there are a number of conveyor

chains working toward the side of the mill where the slash saws are

located. Two or three men are stationed at the rear edger tables for

shoving edgings off onto the slasher conveyor. One of these men
also tends the slasher. Slabs do not go through the edgers but pass

directly down the rolls and are thrown off on the slasher conveyor by
the same three men. The slasher consists of from five to seven circu-

lar saws set either 3 or 4 feet apart on a shaft. The slabs and edgings

pass under these saws and are cut in lengths for cordwood or lath

bolts.

The rear edger tables deliver the lumber to the trimmer transfer,

whore another chain conveyor moves the boards to the trimmer. The
trimmer consists of 10 or 1 1 circular saws, mounted in a row. It may
be either of the underneath or overhead type and be either hand or

pneumatic lift. Its function is to trim off the ends of the boards to

standard lengths. After going through the trimmer the boards pass

to the sorting table, where the grading and sorting is done. The
crew at tlu; trimmer consists of the trimmerman, wlio adjusts the

saws, and two men who arrange the boards on the trimmer ta})le. A
tliird man is often necessary on the trimmer conveyor.

A short conveyor is located behinc] the slaslu^r for the purpose

of transporting the slabs and edgings to the main conveyor and

refuse burner. Lath l)olts and wood are connnonly picked out of this

conveyor, when utilized. On tlie low(!r lloor of the jiiill Is locaUul all
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the machinery for transmission of power to the sawing equipment

on the mill floor. There are also various conveyors for transporting

bark, pieces of slabs, and trimmings to the main refuse conveyor. A
special conveyor dehvers the sawdust to the boiler room for fuel.

The standard equipment for a double-band mill is six 60 inch by
16 foot boilers, capable of operation at 150 pounds steam pres-

sure. One of these furnishes steam for the various steam appliances

and the other five supply the engines. One or two engines capable

of producing an aggregate of from 500 to 650 horsepower are neces-

sary. The usual plant consists of two engines, one with about 200

horsepower and the other about 400 horsepower, or there may be

one large engine of from 450 to 500 horsepower and a small one of

from 100 to 150 horsepower. The engine room also contains a

generator for electric light and one or more steam pumps.

A very important part of the work in a band mill is the filing of the

saws. Expert labor and special equipment are required. The fifing

room is usuaUy located in the garret above the miU floor. Unless acci-

dents occur, four saws are used daily on each band mill. Usually

a stock of four or five saws is kept on hand for each band. The usual

filing room equipment consists of one band saw gumming and filing

machine, a similar machine for circular saws, one roller for band saws,

an anvil, forge, and various hand swages.

The standard crew of a double-band mill contains, m addition to

the men mentioned above, an engineer and two firemen, a millwright,

an oiler, one laborer tending refuse conveyor and burner, and one

laborer clearing refuse on miU. floor. When the mill is operating two

shifts the entire crew given above is dupficated at night. The miU
superintendent, two filers, and a laborer clearing refuse on the

machinery floor are on duty only during the day shift. A watchman
is required at night. The common practice is to work two 10-hour

shifts, one during the day and one at night. When some mills oper-

ating onl}^ in the day shift wish to increase sHghtly the output, an

extra shift of 2| hours is worked in the evening by the day crew.

This procedure is termed working a time and a quarter. If this is

continued long the crew is hable to become overw'orked and the pro-

duction suffer. This is particularly true with regard to the band
sawyers, upon whose skill and watchfulness the correct manufacture

of each log largely depends.

The usual crew of a double-band miU consists of 36 men for a single

shift and 68 men for two shifts. The amount sawed is usually slightly

greater during the day shift. The daily labor cost at a double-band

mill operating two shifts is approximately $265, which, prorated over

a daily output of 240,000, is about $1.10 per 1,000 for sawing. Infor-

mation available mdicates that the direct cost of sawing at double-

band mills^ in this region normally varies from $1.10 to $1.20 per



Oilers $0. 129

Millwrights .064

Watchmen 021

Superintendent 047

Miscellaneous 044

Total 1.173
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1,000. At one such mill the average labor cost for a recent season

was SI. 17 per 1,000, divided as follows:

Saw>-er |0. 218

Edgerman 122

Trimmers 097

Refuse crew 137

Deckmen 043

Engineers . 082

Fireman 080

FUers 089

The cost of maintaining a double-band miU after it has been in

use a few years is reckoned as normally averaging about 50 cents per

1,000 feet board measure, upon the basis of the material sawed.

Maintenance includes sawmiU supphes and sawmill repairs. A rep-

resentative division is 31 cents per 1,000 for repairs and 19 cents

for supphes. The supply charge may be roughly divided into the

following items:

Saws $0. 06 per 1,000

Tools 005 per 1,000

Oil and waste 05 per 1,000

Miscellaneous 075 per 1,000

In a few instances double-band mills are not of the twin type

described above. The two bands are placed tandem, the rear one

being used as a pony mill. All logs are accordingly sawed on the first

band in the usual way. Small logs are, however, cut into cants

which are sawed into lumber by the second band. The carriage of

the smaller band is accordingly operated at a high speed. This

arrangement of the saws permits a shght decrease in the miU crew,

but on the other hand the daily output is generally lowered. One
large operator who has had experience with both types believes this

to be the most economical type of double-band mill, if properly

arranged.

The mill })uilding for a double-band miU is at least 60 feet wide and

160 feet long. For mills of heavy construction and those equipped

with a gang or a resaw the standard width is 70 feet and the length

ranges up to 200 feet. There are commonly two stories with an attic

for a filing room. Tlie construction material is wood. Corrugated

iron is frc^quently used for roofing, and sometimes for siding. A
steel frame is found in but one mill, the added cost bemg from S25,000

to $30,000. The en^^ine room may be located iji the lower story or

in a smaQ addition to the main building. The boiler room is a sepa-

rate buUding, usually of masonry or corrugated iron construction.

TIk; cost of a dou]>lf!-band mill varies somewhat with tlie type of

c(JiLstructi(jn and Icngtli of probable operaticm. Large timber

requires heavy cquipmcuit wliich costs more to purchase and install.
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A long operation requires more permanent construction. The cost

also varies with the location, because the expense of transporting

material to some sites is a considerable item. Under normal condi-

tions the cost of the lighter double-band mills complete, exclusive of

pond and yard, is from $100,000 to $110,000. The heaviest and best

constructed mills cost from $130,000 to $145,000.

One such plant recently constructed cost $145,000 complete "with

machinery, power plant, and buildings. The cost f. o. b. San Fran-

cisco, of the equipment contained in this plant was as foUows:

Two carriages $4, 980

Two edgers 2, 560

Slasher (7 saws) 550

Air lift trimmer (11 saws) 1, 125

Live rolls, transfers, conveyors,

chains, etc 18, 350

Boilers, about 700 horsepower $7, 000

Engine, 650 horsepower (28 by 48

inches) 6, 000

Two log kickers 1, 200

Two log stops and loaders 735

Log turner 1, 900

Steam nigger 550

Band mill (9-foot) 2, 350

Band mill (10-foot) 2, 700

In addition to this equipment, belts, saws, piping, and other mis-

cellaneous hardware were required at a cost of about $15,000 delivered

at the site. The itemized cost of a double-band mill aggregating

$100,000 is approximately as given below:

Total 50, 000

Machinery, including power

plant $40, 000

Miscellaneous supplies and hard-

ware 10, 000

Lumber and timbers |9, 000

]\'Iill foundations and boiler house. 7, 000

Freights and delivery 10, 000

Labor in construction 24, 000

A machine shop of some sort is required at every double-band mill.

In it are handled heavy repairs to logging and mill equipment. The
cost of a well-equipped shop is about $10,000 or $12,000. The equip-

ment consists of 2 or 3 lathes, 1 or 2 planers, 2 drills, 1 bender, 1 steel

saw, and 1 cutter and threader. A blacksmith shop is maintained in

connection with the machine shop and is fitted with a trip hammer, a

forge, an anvil, and a complete outfit of blacksmithing tools. A typi-

cal crew comprises 3 machinists, 1 steam fitter, 1 blacksmith, and a

helper.

Two sorts of refuse burners are used. Mills located in the woods
usually have an open fire with a corrugated iron or masonry shield.

Those situated in towns or near extensive lumber yards have steel

refuse burners with brick foundations and linings. Such a burner for

a double-band mill is about 70 feet high arid 20 feet in diameter, and

is said to cost from $6,000 to $9,000 in place.

The average output of a double-band miUis usually about 120,000

or 125,000 in a 10-hour shift for the entire sawing season. A similar

average output for two shifts is 240,000 daily. During the middle of

the season when everything is running nicely these average outputs

will be exceeded by from 10,000 to 30,000 per day. One firm even
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averages for a month or more at a time a daily output of 180,000 in a

lO-hour shift. The dimensions of the material manufactured have

considerable effect on the output; the more thick stock the greater

the output

One method of increasing the output of a double-band mill is to add

a resaw to the equipment. The mill is built somewhat wider, and the

resaw is installed between the rear edger tables just aft of the edgers.

The usual type of resaw is a 6-foot horizontal or vertical band. Mate-

rial to be resawn is sent down the hve rolls to an automatic transfer,

which carries it to the feeding table of the resaw. Each plank is

fed thi'ouofh the resaw in the direction of the front end of the mill.

A third edger is placed beside the resaw for handUng the resawed

material. The usual null crew is increased by 2 men feeding the

resaw, 1 sawyer, 1 man at rear of resaw, 1 edgerman, and 1 man at

trimmer conveyor. The average daily output is 160,000, an increase

of about 35,000 because of the resaw.

A less desirable means of making a similar increase in output is the

the installation of a gang saw. The gang is set i^pon a sohd founda-

tion midway between the band saws and the edgers. A small deck

slopes from the hve roUs on either side to a set of feed rolls in the cen-

ter. Cants are cut from time to time by the band saws and dehvered

from the hve rolls to the feed rolls of the gang by automatic kickers.

The cants are then slowly fed thi'ough the gang by the feed rolls, thus

producing a number of boards at one time. A separate series of rolls

extends from the gang to the trimmer conveyor.

A gang-saw crew consists of 1 man at the feed rolls, 1 sawyer, 2 men
at rear table, and 1 man on trimmer conveyor. The daily output of a

double-band mill with a gang is about 160,000 feet board measure.

The common type of gang saw is capable of cutting a cant 28 inches

wide and 12 inches thick. The cost f . o. b. the factory is about $5,000.

It produces perfectly sawed lumber, but it is impossible to saw to pro-

duce higher grades, as is done with a band saw. Thus gang saws are

generally nxjt regarded with favor in the sugar and yellow pine region

where the profit is made from the upper grades. A gang saw can,

however, be used to advantage upon an operation producing enough
low-grade logs, suita}>ly only for common or box lumber, to supply it

all the time. Otherwise there is a tendency to run better-grade logs

through it at times, which results in a loss of uppers.

A mill of an unusual type in this region, there b(ing but two in

operation, consists of a single band and a gang. The operation is in

general the same as in a dou})le-band and gang mill. The av(^rage

daily output for a single shift is from 100,000 to 120,000.

Electric drive for sawmills has not been introduced as yet on an
flxtensivo scale, there being but one sugar and y(^ll()wpine mill so

(c|uipj)c'l. The power is general,(mI in the engine room of the |)lant
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and each piece of machinery in the mill is driven by a separate motor.

The intricate machinery located on the lower floor of a mill for the

transmission of power is ehminated, and one portion of the mill may
be shut down for brief repairs without interfering with the rest. The
installation of an electric drive makes a considerable increase in the

initial cost of a mill.

The majority of the mills in the region utihze a considerable portion

of the waste in slabs and edgings by making laths. A lath room is

located in an addition on the side of the mill building near the slasher.

At a representative double-band mill where both laths and car strips

are manufactured, 2 men are required to sort material out of the

conveyor at the rear of the slasher. The remainder of the crew con-

sists of 2 men at the bolter, 2 at the saw, and 2 men bundhng
and jointing. The mill is equipped with separate bolters, saws, and

jointers for both laths and strips. Only one product is manufac-

tured at a time. From 180 to 200 bundles are produced daily. The
demand is limited and the profit small.

Many mills have a market for fuel wood cut from slabs. Various

devices, such as gang cut-offs, are used to saw the slabs and slashings

into stove lengths. One progressive concern takes advantage of a

chance for close utilization by resawing slabs. The larger slabs are

cut in 4 and 6 foot lengths with a cut-off saw and transported by a

conveyor to a resaw in the nearby planing mill. This resaw is a

small horizontal band. The slab sections are resawed and edged,

thus making excellent box and factory material.

The grading and sorting of the lumber is done on a sorting table

which commonly extends at right angles from the mill, opposite the

trimmer. This sorting table is 18 or 20 feet wide and from 120 to

160 feet in length. The lumber is carried slowly toward the outer

end by means of conveyor chains or cables. The grader stands at

the end near the mill and marks the grade symbol on each board with

a crayon. As the boards are carried along the sorting chains they

are picked up by the sorters and loaded on the proper cars. The
cost of grading and sorting is about 25 cents per 1,000. At a mill

producing 160,000 daily the crew consists of 1 grader and 14

sorters. The daily labor cost is $38, or 24 cents per 1,000. At a

mill producing 120,000 daily the crew consists of one grader and
nine sorters, at a daily labor cost of S26, or 22 cents per 1,000. The
total cost of sawing, grading, and sorting at double-band mills is

normally between $1.85 and $1.95 per 1,000.

SAWMILL LUMBER YARDS

Under "sawmill lumber yards" is included all handling and treat-

ment of lumber from the time it is sorted until it is loaded on cars

ready for shipment to market.
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Wherever conditions are favorable, it is customary to locate the

drying and shipping yard at the sawmill because of greater economy.

However, this is often impossible. There are two general types of

yards. In one, the lumber is distributed on elevated platforms; in

the other, tracks are built at ground level.

Yards at small circular mills usually have a single track extending

straight out from the mill with pile bottoms on either side. Under
most conditions the necessary length is about 600 feet, and about

50 pile bottoms are required. The track may be either on the ground

or on a platform raised about 10 or 12 feet. The slope should be

away from the mill. Ordinarily, low four-wheeled cars are used.

The cost of such a yard, exclusive of the site, is estimated to be from

$600 to S800 for a ground track and from $1,000 to $1,200 for a

raised platform. The larger circular mills require more yard room.

This is usually seciu-ed by constructing two or more parallel tracks

or platforms with piles on either side. Some operators haul the

lumber out with carts and have only dirt or plank roads between the

piles. Although the amount of yard stock at different mills varies

with market and other conditions, the yard at a large single circular

mill must ordinarily provide room for from 2| to 3 million feet of

lumber. This requires from 150 to 160 pile bottoms and 2,000 feet

of trams. Accordingly, the yard cost is from $2,000 to $3,300, the

latter for elevated trams.

Single-band mills have the same general layout of yards except

that more space is required. A single-band mill operating one shift

daily, normally requires maximum yard room for the storage of

about 5 or 6 million feet of lumber. Thus from 200 to 250 pile

bottoms and about 3,000 feet of trams are necessary. The average

cost is placed at from $3,800 to $5,000. From one-half to three-

fourths of a mile of loading spur will also be required at a cost of

from $2,400 to $3,600.

There are three kinds of yards used for double-band mills in this

region. The most common is the type with raised trams or plat-

forms. These platforms are constructed in parallel series tlu*ough

the yard, generally at right angles to the mill. A similar platform

connects the various branches to the upper floor of the mill. The

platforms are constructed at a hciglit of from to 16 feet above the

ground, the normal height being about 12 feet. The floor is 12 feet

wide and is built of 2-inch planks. The trams arc supported by 3 by 8

inch stringf!rs and 4 by 6 inch nprighls resting on 6 by 6 incli sills.

About 4,000 feet of lumber is used to build each 100 feet of length.

The cost of such platforms may bo computed on the basis of a cost

of $18 per 1,000 for (he lumber used in constrMiction. Tf cars are to

be used for distributing lumber, 16-pound rails must bo laid on tho

r.7172°—Bull. 440—17 6
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trams. The cost of such track, including rails, rail fastenings, and
laying, is about $22 per 100 feet.

The usual yard arrangement provides for a row of lumber piles on
each side of every platform. Foundations must be constructed of

timbers for each pile. They contain from 400 to 500 feet of lumber

apiece; and the cost of construction, including the value of the

lumber, is usually about $8 each. Enough space is left between

adjacent platforms to allow room for the construction of a wagon
road, yard car track, or loading spur between the two series of

lumber piles.

Yard tracks are commonly 36-inch gauge with 16-pound rails,

and are constructed at about the following average cost per mile:

Steel and fastenings $1, 100

Ties 500

Grading 200

Laying and surfacing 300

Total 2, 100

Loading spurs are standard gauge with about 35-pound rails.

The cost per mile of length is reckoned as follows:

Steel and fastenings $2, 500

Ties 1, 000

Grading 500

Laying and surfacing 500

TotaL.. 4,500

A yard with a storage capacity of 12,000,000 feet, at a representa-

tive double-band mill operating one shift daily, contains about 500

pile bottoms, 7,000 feet of platforms, 7,000 feet of yard track on

platforms, 1 mile of loading spurs, and 1 mile of ground yard track.

The cost would be reckoned as follows:

Pile bottoms. $4, 000

Platforms 5, 040

Platform tracks 1, 540

Yard tracks 2, 100

Loading spurs 4, 500

Total 17,180

,, The cost of a yard of the platform type at a double-band miU with

an annual output of from 18 to 20 miUion feet of lumber is usually

from $16,000 to $20,000. The cost of a yard at a mill producing

from 35 to 40 miUion feet annually would be about twice as much.

The second kind of yard is one having the tracks located on the

ground. The piles are on both sides of parallel tracks in much the

same manner as with platforms. The cost, computed on the same
basis as above, is about $15,000. Another yard of this same type

has dirt roads between the piles^ upon which the lumber is dis-
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tributed by horse trucks. The cost is decreased by the ehmination

of yard tracks.

Water systems must be mstalled for the protection of all yards, at

a cost in addition to the above. Yard equipment, such as cars or

trucks, represents a considerable additional investment. Sheds are

added to most yards for storing air and kiln dried lumber.

From the sorting table lumber is distributed to the piles by means
of two-wheeled lumber trucks (buggies) or low four-wheeled cars.

Steel tracks are required for the cars, but the trucks can be used on

plank platforms. If the yard slopes shghtly away from the miU both

cars and trucks may be handled by hand labor. Where the haul is

long or difficult horses may be used. Apparently one of the most
economical methods at large mills is to use a small gasoUne or electric

locomotive.

The cost of distributing lumber ready for piUng averages from 20

to 25 cents per 1 ,000. The cost at small mills is frequently lower than

at large miUs, because the distance is less. At one mill cutting 20,000

daily two men are required to push the loaded lumber cars to the yard

and unload them. The daily cost is $5, which is at the rate of 25

cents per 1,000. However, one of these men devotes part of his time

to wheehng out slabs, so the actual cost is less. At a representative

single-band mill sawing 60,000 feet in a shift of 10 hours the lumber

is distributed in the yard on cars by four men, at a cost of $11 per

day, or 18 cents per 1,000. A smaller single-band mill with a daily

output of 50,000 maintains a crew of four men to wheel the lumber

out on trucks. The wages are $10 daily, or 20 cents per 1,000. A
double-band mill located at the upper end of a flume, and having a

daily output of 250,000, has a crew of 20 men distributing lumber

on trucks. At a daily wage of $2.50 each the cost is $50 per day, or

20 cents per 1,000.

After the lumber is distributed the next step is piling it. The
boards are laid in layers, stickers 1 or 2 inches thick being placed

between the layers in order to provide circulation for air in drying.

Spaces arc left between the various boards in each layer for the same
purpose. The piles are made with the rear end lower, and when
completed are roofed to shed rain. Each pile preferably contains a

single grade and boards of one length only.

Piling is ordinarily done by hand, two men working together. For
high piling d(!rrif;k hoists operated cither ])y a horse or l)y an electric

mot(jr are us(!d to rais(! the boards. A third man is required in such

instances. An electric piler requiring only two men is used l)y one

company. Piling lurnlx-r is tedious work and is a jol) at which Ix^st

results s(!em to ]>e se<;ure(l ])y con tract. In fact, so Jnucli of (lie piling

is done by this system that conlrad I'atcs jnuy Ijc taken as standard
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costs. These rates for piling up to 15 feet above the track or plat-

form range from 35 to 40 cents per 1,000 feet board measure. At
some mills the rate is 35 cents per 1,000 for ordinary piHng, and 50

cents per 1,000 for piling clears, with which extra care is taken. The
contract rate for piHng over 15 feet above the tram is 40 cents per

1,000, upon condition that the company furnish a man and horse for

the hoist. On contract work two men usually pile a little more than

20,000 feet daily, thus making very good wages. When working by
the day two good men pile from 15,000 to 18,000 daily. At one

single-band miU eight men pile the daily output of 60,000 at a labor

cost of $20 daily, or 33 cents per 1,000. Upon the basis of the above

costs the average cost of taking lumber from the mill and placing it

in the piles is from 60 to 70 cents per 1,000.

When lumber is loaded from the piles directly to cars for shipment

the cost is from 30 to 35 cents per 1 ,000, including grading. However,

it is not possible to load much lumber in this manner because several

different grades, which come from different piles, must be placed in

one car. At one mill where the lumber is dried in the mill yard but

shipped to the main hne on a narrow-gauge raihoad the cost of load-

ing is about 34 cents per 1,000, including grading, and the cost of

transferring to standard-gauge cars at the lower terminal is' 33 cents

per 1,000. Usually the lumber is taken from the pile and loaded on

small yard cars. These yard cars are pushed a short distance to the

loading dock where the standard-gauge cars are spotted for loading.

The cost is from 20 to 25 cents for the first handhng and the same for

loading, plus about 10 cents per 1,000 for grading and running cars.

Since some lumber is loaded by both methods in most yards, it seems

proper to figure the cost of shipment of rough lumber at 50 cents per

1,000. It is customary to figure that lumber can be handled once

(from piles to finishing plants, for instance) for 25 cents per 1,000.

In addition to shipment and delivery of lumber to finishing plants

there is a certain amount of extra handling of lumber in the yards of

all large miUs. This consists in the resorting and transportation of

material which has depreciated in grade, and similar work. The
extent and cost of such work varies greatly.

A certain amount of supervision is necessary in any yard. At a

single-band mill there is usually only a yard foreman. At a double-

band miU the yard office ordinarily contains a yard foreman and a

clerk, who are employed practically the year round. The cost of

yard supervision is therefore about 8 or 10 cents per 1,000. There is

a smaU additional yard cost for the maintenance of tracks and tram-

ways. This probably does not exceed 5 cents per 1,000.

On the east slope of the Sierras the climate is so well suited to

drying lumber that dry kilns are not necessary. On the west slope,

however^ it is the practice to run part or aU of the upper grades of
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yellow pine through a dry kiln on account of the danger from blue

stain in ah' drying. A kiln 20 by 100 feet has an average daily

capacity of 12,000 feet. Thus at a single-band mill the usual kiln

is about 20 by 75 feet or 20 by 100 feet. Under very mifavorable

drying conditions such a mill may have a pair of kilns each 20 feet

wide and 70 feet long. At a double-band miU, operating two shifts,

the dry-kiln plant consists of two kilns each 20 by 100 feet, if drying

conditions are favorable. Under less favorable conditions the plant

is often double that size.

Dry kilns may be made of masonry, concrete, wood frame, or wood
crib. Masonry and concrete are said to give the best satisfaction.

Wood crib is rated as being superior to wood frame construction.

The cost of the equipment and fittings for a kihi 20 feet wide and 100

feet long, inside measurement, is about $1,600 f. o. b. factory. With
a wood crib frame the cost of a kiln of this size in place is from $3,500

to $4,000. A kihi 20 by 70 feet with wood frame costs about $2,500

in place. A kiln of the same size costs about $10,000 if the material

is concrete; and $7,000 if the material is tile. The average cost of

kiln drying lumber in this region is usually from 75 to 80 cents per

1,000. The cost of handling is approximately 65 cents per 1,000.

A portion of the upper gi-ades is usually stored in sheds if it is not

shipped inunediately after air or kiln drying. The construction of

sufficient shed room to accommodate aU upper grades would undoubt-

edly be an economy, because such sheds, though they involve an

extra handling, do much to prevent deterioration in the quality of the

lumber and insure a higher return. Care with wide and thick sugar

pine lumber pays especially weU. AU yards in this j-egion suffer

from lumber depreciation by waste or change in grades through

staining, checking, etc. The amount of this depreciation varies

with yard conditions and the care in handhng. It is generally greater

in thick lumber than in thiu lumber. Yards with unfavorable climatic

and meteorological conditions suffer more heavily than those with

good drying conditions. Deterioration takes place in kiln drying and
surfacing, as well as in au- drying. Thus shipping tallies at yards

differ in amount and quahty from mill tallies of lumber. Jjittle is

now known of the amount of deterioration; but studies are being

undertaken to determine the amount and extent of depreciation in

each grade, under different seasoning conditions and methods.

Sometimes surfaced lumber is shipped from the larger mills in

order to save on freight charges. Hius, in stumpage appraisals it is

necessary to add to the sawmill investment enough to cover the cost

of a 7)laniiig miU for this purpose, and in computing the cost of

lum])fr an allowanwi must be made for this ])luiiii)g. In most
instarif^'s llic planing mill is (;los(Jy conn<Hjted witli the box factory

and it is difficult to separate the equipment. For a medium-sized
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mill a double surfacer and a small band resaw are required. Power
is usually furnished by a separate plant from that of the sawmill,

though it may be combined with the power plant of the box factory.

Planing mills cost from $4,000 to $5,000 for a sawmill of 40,000 feet

capacity, from $8,000 to $10,000 for a single-band mill, and $15,000

for a double-band mill. The cost of planing is approximately $1 per

1,000. It is estimated that 30 per cent is the normal proportion of

the output that is surfaced in this manner. Upon this basis the pro-

rated cost upon the entire cut would be from 30 to 35 cents per

1,000.

Taking all the above items into consideration, the cost of yard

handling at most band mills ranges from $1.65 to $2 per 1,000. A
cost of $1.85 per 1,000 may be considered as normal. At smaller

mills the yard work involves less detail and costs less.

Most large lumber concerns also operate box and door factories

and finishing plants. These are commonly operated in connection

with the shipping yards. The principal products are door cuttings,

box shocks, moldings, etc., which may be considered as products

obtained from the remanufacture of lumber.

TRANSPORTATION TO COMMON CARRIERS.

All sawmills located on common carrier trunk-line railroads load

their lumber product for shipment directly into trunk-hne cars in the

shipping yard. A large proportion of the mills in the sugar and
yellow pine region, not so advantageously located, must provide

some means of delivering lumber to the trunk-Une shipping points.

WAGON HAULS.

The simplest method of transporting lumber is to haul it on wagons
with horses. It is the only means at practically all of the small

circular miUs. At the smallest of these the cut is sold at the mill

and each rancher hauls home his purchase. Where the lumber is

shipped on the nearest railroad or sold to retail yards in the nearest

large town, the sawmill operator maintains a number of teams and

wagons for hauling lumber.

The usual lumber outfit consists of a jerk-line team of eight horses

hauling two wagons and driven by one teamster. For a 10-mile

haul with a moderate amount of adverse grade the average load of

lumber is 800 feet per horse. The average load for a team is there-

fore in the neighborhood of 6,000 feet. Upon an 8 to 10 mile haul such

a team makes one round trip daily. Practieally aU such hauling is

done on contract by the owners of the teams and wagons used. The
standard contract rate for a haul of 9 or 10 miles with a small amount
of adverse grade is $3 per 1,000. The contract rate for a difficult

haul of 40 miles in length is $10 per 1,000. The rate for a 40-mile
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haul all downgrade is about $8 per 1,000. The rote for a haul of

3§ miles is $1.50 per 1,000. These charges are for air-dried lumber.

Loading and unloading is not included in these rates. The saw-

mill operator consequently maintains a crew in his mill yard to load

the wagons, and another crew at the railroad to unload them. Many
small concerns load the cars directly from the wagons. Others

maintain a small yard alongside the loading spur.

TRACTION HAULS.

Lumber from a few of the larger circular mills is delivered to the

railroad by means of traction engines similar to those employed in

hauling logs. The trucks are much lighter, however, being merely

heavy wagons in some instances. Several trucks are hauled at one

time. The direct cost is considerably less than for hauling with

horses, but the investment involved is much greater and there is

much more risk of delay through breakdowns and inclement weather.

On the whole the method serves very weU for mills with a moderate

output where road conditions are satisfactory. With a large output

and consequent heavy traffic it is practically impossible to keep the

road in satisfactory condition.

LUMBER RAILROADS.

The most satisfactory method of delivering lumber from the mUl
to the trunk railroad is by means of a lumber-carrying raihoad. AU
new mills employ this means of transportation wherever the amount
of timber is sufficient to justify the investment. Whenever one of

the trunk roads can not be induced to build a branch line it is neces-

sary ioT the lumber operator to construct the road.

Operators prefer to build and operate such lines as private roads in

order to avoid certain State regulations as to common carriers.

However, in order to secure rights of way it is frequently necessary

to make them common carriers. In practically all cases standard

gauge is preferred because foreign cars can then be loaded at the

mUl. In fact, the only chcumstance under which a narrow gauge can

be considered is when the lumber-drying yard can not be located at

th(; sawmill. Even then the necessity of transferring all suppli(^s

and (equipment to narrow-gauge cars before delivery at the mill

makes the desirability of a narrow gauge doubtful.

Tiie layout and cost of construction of lumber roads are about the

same as for logging raUroads. J number railroads are generally of

longer life than logging roads, and the constniction can therefore bo

more permanent. The use; of rod <'iigines with heavy trains is usually

j>rovid('(l for in laying out the road. In cons('([uenc(^, t.ho maximum
grades are '.i or 4 per cent for cinply trains and I or 2 per cent for

loaded trains, ('urves an; ordinafily not over from l() t,o 20 degHMss.
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The construction materials used are the same as for logging roads,

except that the steel is usually 56 or 60 pounds.

The locomotives engaged on lumber hauls vary from 35 to 90

tons in weight. The smaller engines are employed on short, easy

hauls. An engine of from 70 to 75 tons in weight is commonly the

most satisfactory for the longer lumber hauls. Where the cars are

owned by the lumber operator light flat cars are employed. Foreign

cars are always used whenever possible.

One 75-ton locomotive and crew will handle the output of a double-

band mill for distances up to 30 miles on roads with moderate grades.

Two trips are made daily on a 15-mile run and one trip daily on a

30-mile run. A crew consists of a conductor, engineer, fireman, and

one or two brakemen. Definite cost figures on the operation of

private lumber railroads are not at hand, but it is estimated that

dry lumber can be transported for from 50 to 75 cents per 1,000

for hauls of from 10 to 15 miles.

Whenever it is necessary for the railroad to be a common carrier,

a separate company owned by the lumber company stockholders is

usually formed to operate it. The rates of common carrier raihoads

are subject to revision and approval by the State RaHroad Commis-

sion. They are theoretically equal to the proportionate cost of opera-

tion plus a reasonable profit on the investment. The local rates

upon a number of primarily lumber-carrying railroads follow

:

Name of road. Points.
Mile-
age.

Rate
per 2,000
pounds.

McCloud to Sisson 17
23
26
57
30
45

$2.25
Sugar Pine Railroad Lyons Dam to Sonera 1.35

Boca & Loyalton Railroad Loyalton to Boca -.

.

L50
Tiinlnmnp. to OaVdalfi

. 1.60
Butte County Railroad. Sterling City to Barber 1.65
San Joaquin & Eastern Railroad White Pine to iEl Prado 2.25

These local rates are used in combination with trunk-line rates

for most California shipments. Points on some of these lines take

coast group rates in transcontinental shipments. Air-dried pine

lumber has a shipping weight of from 2,500 to 2,700 pounds per

1,000 feet board measure.

LUMBER INCLINES.

Where the sawmiU is located within a short distance of a trunk-

line railroad but at a considerably higher elevation, an incline is

frequently the best and most economical method of delivering the

lumber at the loading spur. There are several such inclines in

operation, as well as one or two where the lumber is hauled up instead

of lowered. An incHne located in the central Sierras, and in general

typical of them all, is described below.
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The upper end of the incline is near the mill and the lower ter-

minus is on a trunk-line railroad. Its length is 4,200 feet and the

difference in elevation is 1,500 feet, making an average grade of

38.5 per cent. The maximum grade is 72 per cent on a stretch of

125 feet. The alignment of the track involves three tangents, vary-

ing about 5 degrees in direction, joined by two 10-degree curves.

The grade at the curves is flattened out to about 10 per cent. The
track is narrow gauge with 45-pound rails and 6 by 8 inch by 6 feet

redwood ties, dirt ballasted in the usual manner, no other provision

being necessary to prevent the track creeping downhill. The
initial cost of the construction of the track was between S6,000 and

$7,000. The expense of delivering the ties and lail on the ground

was very high.

The cars are lowered by a 1-inch cable, supported by 33 ground

rollers and three upright rollers. The cable is controlled by a large

wooden drum 11 feet in diameter and 14 feet in width, located in a

building at the top of the incline. This drum is equipped with a

brake wheel 16 feet in diameter and the load is let down by a hand
brake. A 14 by 20 inch twin cylinder hoisting engine from 150 to

200 horsepower operates the drum in hauling up the empty car.

This equipment has sufficient power to haul up an ordinary sawmill

boiler. A 60 inch by 16 foot boiler is required to supply the engine

with steam. The cost of the power plant was about $5,000.

The lumber is lowered on 21-foot narrow-gauge flat cars, one car

at a trip. The average load per car is about 3,000 feet, and a round

trip is made in one-half hour, including switching. The usual average

daily output is 40,000 and the normal capacity is 60,000 feet board

measure. The crew consists of an engineer, fireman, and brakeman.

The cost of operation is calculated at from 35 to 40 cents per 1,000.

LUMBER FLUMES.

Another way of transporting lumber from inaccessible sawmill

sites to trunk railroads is by means of flumes. These can be built

at a lower cost per mile than railroads and heavier grades may bo

descended, thus reducing the mileage. The initial cost is at least

from 60 to 75 per cent less than for a railroad. Another advantage

is that the water used in the flume can in most instances be disposed

of for irrigation purposes at the lower end.

The direct cost of fluming lumber is low, but the cost of main-

taining the flume is very heavy. The principal disadvantage is

that aU equipment and supplies used in the logging and sawmill

operation must be freighted in with teams for distances of from 40

to 50 miles. Tlie expense of suclx frelighting ranges from $15 to $20

per ton. Oth(;r disud vantages are the wear of the lumber in the

flume and the dilliculty of shipping wide boards. For these and
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other reasons it is improbable that any more lumber-carrying flumes

will be constructed in California, except in instances where a railroad

or incHne is clearly impracticable.

There are several flumes now in successful operation in California,

though the number in use is gradually decreasing. The longest ones

ai*e located in the southern Sierras, where longer and more expensive

railroads are required to reach merchantable timber than in the

northern part of the State. The lengths of the three flumes in the

southern Sierras are respectively 42, 56, and 60 miles. On the

other hand, one flume located in northern California is only 4J
miles in length.

These flumes consist of a V-shaped box with sides 32 inches wide

in the mountains and 48 inches wide where the grade is low and the

water sluggish. The angle formed by the sides of the flume is a right

angle, and the width across the top is 46 inches where the sides

are 32 inches wide. The flume box is supported at distances of

either 8 or 16 feet by bents composed of 4 by 6 inch or 6 by 6 inch

fir timbers. In the original construction bents were placed at

16-foot intervals, but it has been found advisable to place supports

every 8 feet for low trestles. Higher trestles are still constructed

with 16-foot bents, but heavier timber and sway and stringer braces

are used. Two 4 by 6 inch stringers are supported by the bents.

Upon the stringers at intervals of 4 feet are placed the braces wliich

hold the flume box in an upright position.

The cost of constructing flumes varies with the difficulty of pre-

paring the ground for foundations and the average height of the

bents ; with lumber at $12 per 1,000 it ranges from $20 to $25 per 1,000

board feet, the higher cost being where the average height of the

flume is least. The lowest recorded cost is for two flumes in northern

California, approximately $4,000 per mile. In the southern Sierras

the natural conditions affecting construction are more difficult,

and the average cost of construction is about $5,000 per mile. The
most expensive flume in that locaHty is reported to have cost $6,000

per mile. The average amount of material is from 225,000 to 275,000

feet per mile. Farther north the average is not over 175,000 feet.

The maximum grade allowable is about 25 per cent for short

pitches. Normally the grade is kept down to between 5 and 10

per cent, with 12 per cent as a maximum. In the San Joaquin

Valley the grade is very low. One flume in which the lumber is

shipped in bundles has approximately 13 miles on the lower end

with a grade of only 0.13 per cent. Another in which the lumber

is shipped loose has a similar length of slack water with a grade of

0.26 per cent. The maximum curve used is about 20 degrees. The
volume of water required to operate a flume varies from 25 to 35

second-feet.
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Lumber is shipped in flumes either loose or in bundles. Ship-

ment in bundles is the most common, and is adapted to flumes having

lower grades. The loss of lumber is less than for the other method
and fewer herders are required. However, the cost of bundhng is

considerable and the clamps must be hauled back to the upper end

of the flume at a cost of about 1 cent per pound. In either method
the lumber is graded and sorted roughly and distributed to the dry-

ing piles and shipping skids, which are located along a number of

branches feeding into the main flume. In shipping loose in long

flumes it is necessary to kiln dry boards from yellow pine and white

fir butts and air dry thick or heavy sugar pine boards. This involves

a considerable cost for handling in the mill yard and kOn, and loss

occurs through stain in air drying. Up to the present the same
practice has been customary in fluming in bundles. Recently, how-

ever, one company has developed a method of mixmg light and

heavy lumber in each bundle. AU lumber may thus be shipped

immediately after sawmg, and air and kihi drying at the miU is

practically ehminated.

In shipping loose, the lumber is distributed to various shipping

skids. The boards are then thrown one at a tune into the flume by
the shippers.

In bundle shipping the boards are made up in bundles from 10 to

13 inches thick, bound at each end by iron clamps and wooden
wedges. The bundles are then thrown into the flume and trains of

five or six are fastened together with short rope loops. A crew of

27 men, three men working at each of nine skids, may prepare the

bundles for a shipment of about 210,000 feet daily. The remainder

of the shipping crew is made up of three men tying the bundles

together, one man straightening clamps, one man distributing

clamps, one man distributing wedges, and one foreman.

As the bundles pass down the flume they are cared for by herders

who prevent jams and watch for flume breaks. On a typical opera-

tion the flume is divid(id into six-mile sections and two herders are

assigned to each. With two extra herders on the last half mile the

herding crew consists of 20 men and a foreman. At the lower end

the bundles are dumped by hand from slack water by a crew of five

men. The clamps are then loosened and the boards distributed and
handled in the yard in the same manner as if the yard wore located

at the sawmill.

The cost of flume maintenance is considerable. On the long

flumr.'s a repair crew is engaged nil wint(5r, and approximately a

million feiit of lumber is used annually in repairs. The average cost

is calculated at 80 (jcnts p(!r 1 ,000 for two flumes 56 and 00 miles in

length and 65 cents per 1,000 for one'42 mih^s in length. Exclusive

of depreciation the average cost of fluming luiiih(>.r in these long
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flumes ranges from $1.75 to $1,90 per 1,000. The cost of fluming in

short flumes with steep grades all the way is much less. In one such

flume 4^ miles in length the lumber is shipped right from the trimmer

without drying or sorting. One man is required to ship a daily out-

put of from 60,000 to 70,000 feet. Only two herders are required,

but five men are needed at the lower end to take the lumber out of

the flume. The direct cost of fluming is thus about 35 cents per

1,000, and the average cost of maintenance is calculated at from 10

to 15 cents per 1,000 on a yearly output of 9,000,000 feet board

measure.

PART IV. GENERAL COST FACTORS.

OVERHEAD CHARGES.

Overhead charges include aU current expenses which are not

directly chargeable to any particular step in the operation; that is,

expenses which apply to the entire operation. This is not strictly

true of certain items such as taxes and insurance, for the lump sums
in which they are paid can be divided into proportionate shares for

each part of the operation. Such is not the common procedure,

however, and need not be attempted in ordinary calculations of

operating cost. Overhead charges are ordinarily computed upon
the basis of each 1,000 feet of lumber shipped and may then be

appHed to each 1,000 feet log scale.

Cruising and layout of logging operations are the first items of

overhead cost met with. In private operations cruising is usually

done at the time of purchase and may be considered as an additional

cost of stumpage. Most of the layout of operations is covered by
general superintendence, woods supervision, and engineering.

The cost of protecting the timber from fire is a charge for carrying

stumpage rather than for logging. A considerable proportion of

the fire fighting done by private operators is, however, for the purpose

of protecting chutes, cables, trestles, camps, and the hke, and the

cost of this part of the fire protection work should be added to the

logging cost. National Forest sale contracts require each purchaser

to use his employees in fighting fires within a certain defined region.

The cost of this work may be properly considered as an extra cost of

logging.
TAXES.

Taxes on standing timber are frequently considered by lumbermen
as an operating cost; but they are logically a cost of carrying stump-

age, and consequently do not enter into the cost of operating. The
annual tax rates in the various timber counties vary from $1.64 to

$2.60 per $100 of valuation. The average rate is from $1.95 to $2.05.

Lumber plants are generally assessed at about 30 or 40 per cent of
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the value. The lumber on h^ind m the yard at the time of assessment

is valued in about the same way. Assessments are made in April,

however, when the lumber stock is generally at its lowest ebb.

INSURANCE.

Lumber operators should carry both fire and liabihty insurance.

Practically all except the smaU mills carry fire insurance. Most of

these carry their own risk because they can not comply with the

requirements of fire insurance companies without making an impos-

sible increase m their investment.

Steam sawmills and lumber in yards at steam sawmills may be

insured up to about 90 per cent of the actual value. To get a rate

for a mill the procedure is to take the standard rate and make certain

specified additions to it and deductions from it for designated de-

fects in the plant or for designated protective measures. The
standard rate for pine sawmills in California is $3 per $100 of insured

value. An addition of $1 is made if box factory, planing mill, or

boilers are located in the same or immediately adjacent buildings.

On the other hand a deduction of from 50 cents to $1 is made for a

good fire-protection system. As a rule the rate for normally well

equipped and protected niills with power plant in a detached masonry
or corrugated iron building is about $3 per hundred. For small

mills in the woods which are safe enough to insure, the rate is about

$5 per hundred. For especially well built mills with automatic fire

sprinkler systems the rate may be as low as $2 per hundred. These

are the rates established by the Board of Fire Underwriters of the

Pacific Coast.

The standard rates upon lumber piled in mill yards exposed to no
unusual danger are as follows:

Distance from mill.
Rate per
hnndred.

250 feet S2.00
2.25
2. .50

3.00
3.50

200 feet

150 feet : . .

.

100 feet

No clear space

All omployees of lumbering companies come under the provisions

of the California Workmen's Compensation Act, which provides

certain compulsory payments in the case of injury or death of an

employee. Operators usually do not wish to assume this risk and

prefer to carry liability insurance;. This insurance may be pla(;ed

with any insurance company, provided <ilaims are paid as directed

by the State Industrial Accident Commission; or the employer may
insure under the State Compensation Insurance Fund. The rates
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for State and private insurance are the same and are fixed in certain

amounts per each $100 paid out in wages. The schedule of rates

for State insurance in 1914 was as follows:

Box manufacturers $2. 96

Lath manufacturers 4. 81

Lumber yards (commercial) 2. 40

Lumber yards (at sawmills) 4. 81

Planing and molding mills 3. 42

Sawmills 4. 81

Logging 4. 16

Logging railroads (operation) 11. 20

Logging railroads (maintenance and construction) 4. 16

Clerical force 21

The average rate varies in different operations on account of the

difference in the number of men employed in the various activities,

but for a normal lumbering operation in sugar and yello'w pine tim-

ber, sawmill included, it is about 4:^ per cent of the pay roll. Elimi-

nating labor hired on contract in the lumber yard, the normal wages

involved in the production of a thousand feet of lumber amount to

about $7. At a rate of 4^ per cent the cost for liability insurance

amounts to' 32 cents per 1,000. The State Compensation Insurance

Fund returned 15 per cent of the premiums to policy holders in 1914.

SELLING.

The cost of selling includes all direct costs of disposing of lumber

which have not been deducted from the net price of lumber f. o. b.

the mill. The cost of lumber selling agencies and commissions are

generally so deducted. However, most large firms have a salesman

who travels for the purpose of selling lumber. For the smaller

mills this selling may be done by some member of the office force

who devotes but part of his time to it. At large double-band mills

a sales manager is maintained the year round.

OFFICE AND GENERAL EXPENSES-

Office and general expenses include all clerical help, stationery,

upkeep of office buildings, dues, and any other miscellaneous expen-

ditures necessary in the conduct of the business.

SUPERINTENDENCE.

A lumber company with an annual output of, say, 36 million may
require a manager and an assistant manager. The manager is

usually an official of the company. The combined salaries and

expenses are approximately $12,000, but about 20 per cent of this

superintendence may be assumed as chargeable to box factories and

finishing plants. Thus, in such a case the cost of superintendence

is $9,600 per annum, or 27 cents per 1,000 feet. The cost of super-

intendence is in about the same ratio in the case of smaller operations.
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One manager is required for a double-band mill producting about 20

million annually. The manager at a single-band mill operating one

shift frequently directly superintends both woods and mill. A pro-

portionate decrease is made in the office force in each instance.

SUMMARY.

To sum up: the cost of selling, general office work, and superm-

tendance at band mill or large circular mill operations is normally

from .55 to 70 cents per 1,000, and the total of overhead charges is

from $1.25 to $1.40 per 1,000.

At small cuxular mills, superintendence, office work, and selling

are covered by the salary of the operator. Such mills are commonly
one-man concerns; and since the owner devotes all his time to the

operation he should h&ve a salary as well as a profit on the investment.

A mill of 20,000 daily output markets about 3,000,000 feet per annum.

At a salary of $1,200 for the operator the cost of superintendence is

40 cents per 1,000.
DEPRECIATION.

All improvements and equipment used in lumbering depreciate

in value, and sufficient money must be taken from the business during

its course to form a siakiiig fund to cover this depreciation. The
amount of depreciation is measm-ed by the difference between the

initial cost and the salvage or residual value at the end of the opera-

tion. The common method of figuring depreciation against a body
of timber is to determine the total depreciation mvolved in its

exploitation and by proratmg this total over the stand to obtain a

figure per 1,000 feet. The depreciation per 1,000 may then be
applied to the annual cut to determine Jiow large an annual sinking

fund is necessary.

Raih'oads and sawmills which can be used for additional timber

have a residual value at the end of the operation much greater than
the salvage value. Railroads adapted to a continuous profitable

common carrier business may have a residual value practically as

large as the initial cost. Improvements and equipment which
can not be used any furtlier have only a salvage or wrecking value.

Tools, cables, and similar equipment are worn out and must be
replaced at frequent intervals, so that they rarely have even a

wrecking value. Horse and donkey chutes have no salvage value,

except when the material can be utilized as saw logs or made into

railroad ties.

The wrecking value of logging railroads whicli can not ])c used in

place for other purposes is tlie sah; value of the rails for rela3ang.

The rails commonly have a life of from 15 to 20 years; the former

where they are lifted and relaid every season, and the latter for more
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permanent use. Of course, where rails are lifted and relaid often,

there is a considerable current loss through breakage and kinking.

Geared locomotives, with proper maintenance and repairs, are good

for about 20 years service. During that period the boilers must be

replaced once. A rod engine should, under similar circumstances,

have a shghtly longer life, say about 25 years. Cars, either skeleton

or flat, have very little salvage value after being used five years.

In operations of from 15 to 20 years in length it is generally necessary

to figure that the log cars wiU be renewed at least once.

The sale value of second-hand logging donkeys and similar equip-

ment is very low. In first-class condition they will bring only about

30 per cent of the original factory price, and after five or six years'

use donkey engines can no longer be put in first-class condition.

The wrecking value is even less. Logging donkeys are ordinarily

good for about 9 or 10 years' service. In some instances they may
be used as long as 12 years, but if not worn out in 10 years they are

at least obsolete in type.

The wrecking value of sawmills is hkewise comparatively small.

It is confined to the salvage value of the sawmill, planing mill, and

dry kiln equipment. The lumber used in the buildings may have a

small value in excess of the cost of removing it if the period of use is

not too long. Depreciation commonly ranges from $1 to SI.50 per

1,000 feet board measure, depending upon the amount of timber and

the extent of the necessary construction.

SUMMARY OF THE COSTS OF TYPICAL OPERATIONS.

A more comprehensive idea of the cost of lumber production may be

gained from cost summaries of typical operations of three kinds;

namely, a small horse-logging operation, a medium sized circular

mill operation, and a large band miU operation. The cost summaries

given below are made on the basis of operations of average efficiency,

in much the same manner as calculations of operating costs are pre-

pared in appraisals of National Forest stumpage, and are checked

by the actual costs of various going lumber companies. The costs

of any particular operation may of course differ from these sum-
maries. Costs are in each instance on the basis of lumber shipping

tally.
SMALL MILL SUPPLIED BY HORSE LOGGING.

Operating costs:

Logging

—

Per 1 , 000 fee t

Felling, limbing and bucking |0. 75

Horse skidding and swamping 1. 20

Horse chute hauling 1. 40

Chute construction 50
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Operating costs—Continued.

Sawmill and yard^ Per 1,000 feet.

Sawing $1. 75

]\Iill maintenance 35

Sorting 25

Handling and piling QO.

Loading 25

Transportation^Wagon haul 2. 50

General expenses-

Supervision and office 70

Taxes and insurance 45

$10. 70

To tkis should be added an average allowance for depreciation of,

say .80

Total cost 11. 50

Mills of this class are usually situated close to the timber and at

some distance from either the local market or a common-carrier

railroad. In addition, they are often semiportable in character and

are moved from time to time in order to be near the timber. Con-

sequenth", the logging costs are low, but the cost of lumber transpor-

tation is high. In the example above the length of the wagon haul

is considered as about 7 miles. No allowance is made for surfacing,

as the lumber is usually disposed of rough. Very little expense is

necessary for selling because the lumber is generally sold to local

users or to some larger producer or box-shook manufacturer.

SINGLE CIRCULAR MILL OPERATION.
Operating costs:

Logging— Per 1,000 feet.

Felling, limbing, and bucking |0. 70

Donkey yarding 1. 90

Loading 30

Hauling on trucks 2. 20

Ptoad construction 20

Sa\^Tnill and yard

—

Sawing 1. 70

Mill maintenance 35

Sorting 25

Piling and handling 80

Surfacing 30

Loading 50

General expense- -

Superintendence and office (including mill and woods super-

vision) 55

SelUng 20

TaxcH and inHurance 50— $10.45

Depreciation—^A verage .95

Total cost 11.40

57172^—Bull. 440—17 7
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In this example the mill is situated on a common carrier. If it

were not, there would be an additional cost for hauling lumber to

the railroad. Since the mill is at some distance from the timber, a

rather high charge is involved in truck hauling with horses or a trac-

tion engine. In an operation of this type more care and work in the

yard is necessary than in smaller operations. A planer is usually

operated in connection with the miU and a portion of the cut surfaced

before sale. Loading on cars is a more expensive operation than

loading on wagons for hauling.

LARGE BAND MILL OPERATION.
Operating costs:

Logging

—

Per 1,000 feet.

Felling |0. 22

Bucking 08

Limbing 35

Yarding labor, etc 1. 58

Yarding maintenance .22

Cables 20

Loading 25

Railroad operation 50

Railroad maintenance 75

Unloading 03

Railroad construction 80

Woods supervision 22
$5. 20

Sawmill

—

Pond 07

Sawing 1. 15

Sawmill supplies 18

Sawmill maintenance .- .32

Sawmill supervision 05

Sorting 25
2.02

Sawmill yard-
Distributing 25

PiUng 40

Surfacing 35

Kilning 30

Loading 50

Super\dsion and upkeep .15
L95

General expense (overhead)

—

Taxes and fire insm-ance .40

Liability insurance 35

SelUng 25

Superintendence and office .40
L40

Depreciation—Average 1- 10

Total cost 11. 67
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The above list of costs does not take into account any finishing or

remanufacture of lumber other than surfacing for shipment. By
taking greater care of its lumber and paying more attention to selling,

a large mill generally sells its product more advantageously than a

small one. Since the costs at large mills vary considerably through-

out the California pine region, those given above may be considered

as somewhat ideal for a mill located on a common carrier and with a

logging road of moderate length. Inspection of operating-cost rec-

ords shows that, exclusive of profit, interest, and stumpage, the bulk

of the lumber produced at large mills in this region is placed on cars

at common-carrier railroad points, rough or surfaced for shipping, at

from SI 1.50 to $12.50 per 1,000 feet. Mills with flumes or branch-

line lumber roads, severe logging conditions, or inefficient plants may
have to pay more.
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INTRODUCTION.

Investigations of the action of manganese on plants and soils

have been conducted by the OflS.ce of Soil-Fertihty Investigations

both in the laboratory and in the field for several years.

Alangancse is universally found in soils and plants. Robinson/
who examined 26 American soils, found the content of manganese
CMnO) to be from 0.01 to 0.51 j^er cent, the average being 0.071 per

cent, and Kelley - found in Hawaiian soils amounts varying from
less than 0.1 to 9.74 per cent MngO.,.

A number of investigators have studied the effect of manganese
on plants in botli water and soil cultures, and from the evidence at

hand it seems that in most cases manganese in small amounts exer-

cises a stimulatijig action on growth. A general r(^view of the liter-

ature? on the su])ject jias been given in former pai)eis of members of

« Sullivan, M. X., and Robinson, W. O. Manganese as a fertilizer. U. S. Dept. Agr., Bur. Soils C'irc.

75, 3 p. 191.3.

» Kelley, W. 1'. The influence of manganese on the growth of pineapples. Hawaii Agr. Exi). Sta.

Press IJul. 23, 11 p., n. d.

Manganese in some of its relations to the growth of pineapples. In Jour. Indus, luid Engin
Chem., V. l,no.8, p. 5.'«-i).38. 1909.

Note.—The results given in this bulletin throw further light on the effect of this catalytic fertilizer under
various soil conditions. That its etTect is dependcnl, on Iho roardon of the soil is dt^monstratcd. Tlio

bulletin Is of interest to srientiflc investigators, U, triiiiiiifacl iirers of catalytic forlilizers, and to those grow-
ers whose technical Iruiiiint; induces them to o.xjMsriment with new substances to iucreiuso or control croj)

f>rodaction.

oTlfA'— HiiJI. Ill I'i
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the staff of the Office of Soil-Fertility' Investigations and others/ so

its repetition here is not deemed necessary.

Working with soil extracts ^ from poor, unproductive soils, man-
ganese salts were found to increase the oxidizing power of the plant

roots grown therein and increased the growth of the plants. With
extracts from good, fertile soils the oxidative power of the plants was

increased, but it was not attended by an increase in growth. This

was attributed to excessive oxidation in the soil solution. The plant

tips and leaves themselves showed indications of this excessive oxi-

dation. Similar results were obtained with soil in pots. .The poor,

unproductive soils were improved by manganese, while good soils

were not further benefited. The best results were secured with small

amounts varying from 5 to 50 parts per miUion of the element

manganese.

Schreiner and Sullivan ^ have further pointed out that the oxida-

tive power of the soil is dependent in part on the nature of the organic

matter. Thus, when salts of manganese, iron, calcium, etc., were

added to soil of shght oxidative power, oxidation was but sHghtly

increased until certain kinds of organic matter, such as citric, mahc,

tartaric, and glycolic acids or their salts, were added, when marked
improvement in oxidation took place.

EFFECT OF MANGANESE ON ARLINGTON SOIL UNDER ACID CONDITIONS.

Field tests with manganese sulphate were inaugurated on the ex-

periment farm of the Department of Agriculture at Arlington, Va.,

in 1907. The results secured from 1907 to 1912 have already been

published.2 The experiment has been continued with some modifica-

tion,.and the additional data throw considerable fight on the action

of manganese in soils of this character. The soil in which these ex-

periments were made is a silty clay loam, low in organic matter.

The physical condition of the soil is rather j)oor, and great care had
to be practiced in cultivation to keep it in a good physical condition.

The ground is level and has surface drainage, and the soil throughout

these manganese plats and their controls is uniform, so the results

obtained should not be considered as unduly influenced by irregu-

larities due to nonuniformity of the soil in different plats. The soil

is of an acid nature.

The ground on which these experiments were made consists of two
paraUel strips of land, each 1 rod wide and separated by a 3-foot

path. Each strip is divided into seven plats of 1 square rod, with

1 Schreiner, Oswald, and Sullivan, M. X. Studies in soil oxidation. V. S. Dept. Agr., Bur. Soils Bui.

73, 57 p. 1910.

KeUey, W. P. The function and distribution ot manganese ui plants and soUs. Hawaii Agr. Exp.
Sta. Bui. 26, 56 p. 1912.

2 Skinner, J. J., Sullivan, M. X., et al. The action of manganese ia soUs. U. S. Dept. Agr. Bui. 42,

32 p. 1914.
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paths 2^ feet wide separating the plats. One strip, or a series of

seven plats, was treated with manganese sulphate; the other strip

of seven plats was not treated and served as a control, or check.

Seven crops, rye, wheat, timothy, clover, com, cowpeas, and pota-

toes, were grown on both the treated and untreated plats, which he

side by side in the two strips. The crops on the plats were not

rotated, but each crop grew year after year on the same plat. The
manganese sulphate was apphed annually, before the crops were
planted, at the rate of 50 pounds per acre. Tlie corn, cowpeas, and
potatoes were planted m the spring of each year and harvested m
the fall, and the wheat and rye were planted in the fall and harvested

the next July. The timothy and clover plats were planted m 1907,

and the gTOund was agam plowed and reseeded m 1909.

The results for the six years from 1907 to 1912, inclusive, are

given briefly in Table I and wiU permit a short discussion here,

the reader being referred to the earher pubhcations previously men-
tioned for the results in. detail. The yields are calculated to pounds
and bushels per acre and are so given m the table. The wheat and
r3'e were not thrashed, the yield being given in weight of straw plus

gram. Tlie timothy and the clover were a failure on this soil; these

plats produced practically no yield and no results were obtained.

Table I.

—

Effect of manganese sulphate on the yields per acre of wheat, rye, cowpeas,
corn, and potatoes on an acid soil treated for six successive years (1907 to 1912,
inclusive)

.

Wheat. Rye. Cowpeas.

^'ear.
L'n-

treated.

Treated
with

mangan-
ese sul-

phate.

Increase
or de-

crease of

mangan-
ese plat.

Un-
treated.

Treated
with

mangan-
ese sul-

phate.

Increase
or de-

crease of

mangan-
ese plat.

Un-
treated.

Treated
with

mangan-
ese sul-

phate.

Increase
or de-

crease of

mangan-
ese plat.

1907
Pounds. Pounds. Pounds. Pounds. Pounds. Pounds. Pounds.

8,320
8,800
5,920
4,320
6, 720

3,360

Pounds.
6,720
6,560
4,480
3,360
5, 600
3, 520

Pounds.
-1,600
-2,240
-1,440
- 960
-1,120
- 160

190S
19(«
1910
1911

1912

4, 960

4, 160
4,fXX)

4,000

3, MO

4,320
3,680
3, .520

3, .360

2,400

- 640
- 480
- 480
- 640
-1,440

5,280
4, 160

1,920
3, 680

2, 210

4,160
4,640
1,600
4,000
2,720

-1,120
-1- 480
- 320
-t- 320
-t- 4 80

Com. Potatoes.

Year. Untreated.
Treated with man-
ganese sulphate.

Increase or de-
crease of man-
gane.se plat. Un-

treated.

Treated
with

mangan-
e.se sul-

phate.

Increase
or de-

crease of

Stover. Grain. Stover. Grain. Stover. Grain.
e.so plat.

1907
1908
1909

1910

1911

1912

Pounds.
9,120
4, \m
4, .320

0,240
4,WX)
ft, 440

Bushels.
m
71

20
40
40
46

Pounds.
10, 4(K)

3, :}60

3, 040
4,.320
4,0(K)

2,72(J

Bushels.
40
.'.1

17

23
20
9

Pounds.
-t 1,280
- 8(M)

-
1 , 280

-1,920
- 800
-2,720

Bushels.
-20
-20
- 3

• -17
-20
-37

Bushels.
221

120
181

147

2i3
85

Bushels.
152
80

221

96
152
61

Bushels.
-60
-10
-1-40

-51
-91
-21
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Table I shows that whe^t w^^' reduced m yield each year by the

manganese, the decrease varymg from 480 to 1,440 pounds per acre.

With rye, the yield was increased in 1909, 1911, and 1912, and was
decreased in 1908 and 1910. With com, there was a decrease each

year except 1907, when the yield of stover was larger. The gTowth

of cowpeas was also decreased, this decrease varying from 160 pounds

per acre in 1912 to 2,240 poimds in 1908. Potatoes were hkewise

aifected, there being a smaller yield m the manganese plat each year

except in 1909, when there was an increase over the check plat of

40 bushels per acre.

Acidity tests of the various plats were made in 1912. The results

of these determmations show that the manganese tests were made
under acid conditions.

The lime-requirement determinations were made by means of the

Veitch method.^ Table II shows the amiount of lime required

according to this method for each plat to produce a neutral condition

in the soil. The soil in each plat required approximately a ton of

lime per acre. Where wheat was grown, the manganese and the

untreated plats had the same hme requirement. Where rye, com,

and cowpeas were grown, the manganese plats had a higher lime re-

qairement than the untreated plats. With rye, the manganese plat

required 2,492 pounds and the untreated plat 2,136 pounds of lune

per acre. With com, the manganese plat required 2,492 pounds and
the untreated plat 1,780 pounds per acre. With cowpeas, the man-
ganese plat required 2,492 pounds and the untreated plat 2,136

pounds per acre. Where potatoes were grown, the untreated plat

had a greater lime requirement than the manganese plat, the man-
ganese plat requirmg 2,451 pounds of lime per acre and the untreated

plat 2,743 pounds.

Table II.

—

Liine{CaCO^) requirement per acre of the various plats, to a depth of 6 inches.

Plats. Wheat. Rye. Corn. Cowpeas. Potatoes.

TrRatPfi with Tnn.Tip-aTiPSft

Pounds.
1,780
1,780

Pounds.
2,492
2,136

Pounds.
2,492
1,780

Pounds.
2,492
2,136

Pounds.
2,451

Untreated 2,743

1 Veitch, r. P. The estimation of soil acidity and the lime requirements of soils. In Jour. Amer. Chem.
Soc, V. 24, no. 11, p. 1120-1128. 1902.

Comparison of methods for the estimation of soil acidity. In Jour. Amer. Chem. Soc, v. 26,

no. 6, p. 637-662. 1904.
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OXTOATIVE POWER OF PLATS WITH AND WITHOUT MANGANESE UNDER
ACID CONDITIONS.

Bertrand ^ showed that manganese played an essential part in the

oxidation by the so-called oxidizing enzym laccase. Fui-ther, since

manganese increased the oxidizing power of a number of soils tested

by the Office of Soil-Fertility Investigations and it has been found

that a number of soils of strong oxidizmg power contain considerable

manganese, some of which was in the highly oxidizing form of INinOg,

it became of interest to determine whether the manganese had any

accelerating effect on the oxidation in the soil of the field plats

planted with wheat, rye, corn, cowpeas, and potatoes.

In 1912 composite samples from five borings to the depth of 6

inches were taken of the manganese plats and check plats (1) early

in April, (2) late ui May, and (3) m August. The oxidation readings

were made on the air-dried samples within two weeks after collection.

When 10 or 20 grams of soil are shaken two or three times with 50

to 70 c. c. of a 0.125 per cent water solution of aloin, the aloin solu-

tion is changed ui a few minutes from a bright yellow to a cherry red.

After the soU has stood for about an hour and has settled, the some-

what turbid solution is decanted and centrifuged, the supernatant

Hquid dra\\ni off, and the depth of color of the different solutions com-
pared by means of a Schremer colorimeter, either with each other or

with colored glass of a shade of red matching the oxidized solutions.

In the present experiment the oxidation reading was made against a

glass standard which matched in tint the red color produced in the

alom solution by the sample of wheat soil collected in the spring.

Ten grams of sod were employed for each test. The relative oxida-

tion in the manganese plats and the check plats is given in Table III.

Table III.

—

Relatire oxidation in plats treated with manganese sulphate and in the

conresponding check plats . growing the same crops {wheat soil in April being taken
as 1011).

f'roj).

Wheat..
Ryo.
Corn
Cowpea-j
Potatoes

April. June. Aug

Plats Plats
Un- treated • Un- treated TTn-

treated with treated with treated
plats. man- plats. man- plats.

ganese. ga ne.se.

100 95 no i:w 55
131 lO.') lil 105 7H
no 1()0 KJO 131 87
06 (H lOfj no 53
S7 m) 91 78 53

]'lats

treated
with
man-
ganese.

' Bertrand, Gabriel. Sur les rapports qui oxislont entro la coastllutlon chimicjues dos composes organi-

(lues ct Icur o.xydabillti'- .sfjiis rinJIuence dc la laccase. In ('onii)l , Mond. Acad. Sci. [Paris], t. 122, no. 20,

p. 1132-11.31. l«9fl.

Sur rinlervention du n'uiigun^jso dans les o.xydulions ]>rov()'|iii'.es par la laccase. In ( iiiiiiil.

Kend. Ac-a<l. .Sc-1. (J'arLs), t. Vi\, no, 10, p. I(W2-1(«5. 1X97.
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With the exception of the wheat plat, where there is shown a sHght

increase as an average of the three determinations, the addition of

manganese sulphate has not increased the oxidative power of the soil,

and in a number of instances it has lessened oxidation. The soil in

general has a tendency to be acid in character and at best has not a

strong oxidizing power. If the first determination, made in April,

is considered (that is, the oxidative power of the plats at a time when
there is little or no growth) the oxidation in the manganese plat is

less in every instance than that of the check plat. This period is the

best one for testing the oxidation effect of manganese unmodified by
plant growth. The lessened oxidation produced by manganese sul-

phate is in harmony with the lessened yields on the same plats under

treatment with manganese. In 1912, for instance, the year in which

the oxidation was tested, the yield, as previously shown, of wheat,

corn, and potatoes was less on the manganese plat than on the

untreated plat, while rye only showed a slight increase and the yield

of cowpeas was practically the same,

In the second determination, made m June, the oxidative power of

the manganese plat is on the average more like that of the check plat.

In the third determination, made in August, shortly after the wheat

and rye had been taken off, the manganese plat was on the average

again less than the check plat.

As previously pointed out, the manganese plats, with the exception

of the potato and the wheat plats, showed a higher Hme requirement

than the check plats. Under acid conditions the formation of organic

compounds capable of acting as oxygen carriers or as activators of

inorganic oxidizing compounds, such as manganese salts, is much
lessened or entirely inhibited. This is also indicated from the results

with the acid soil under investigation, for the addition of manganese

did not increase the oxidizing power of the soil nor, indeed, of plants

growing therein. This oxidizing power of the plants was tested in

the case of wheat. By carefully removing the soil from the young
wheat plants growmg on the plats, the oxidizing power of the intact

rocits when placed in an aloin solution was found to be no greater in

the case of the plants from the manganese plat than from the check

plat. The relative oxidation was 97 and 100, respectively.

EFFECT OF MANGANESE ON ARLINGTON SOIL UNDER NEUTRAL
CONDITIONS.

As the manganese had no beneficial effect on the soil under acid con-

ditions, the experiment was continued and the soil neutralized as

nearly as possible by applying lime from year to year. Three years'

results have now been secured. Each year before planting, the lime

requirement of the plats was determined by the Veitch method and
an excess of lime added to both the check and manganese plats. The
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experiment was conducted as in previous years. Manganese sulphate

was applied each year in amoimts of 50 pounds per acre and the same
crops were grown on the same plats as before except on the clover

plats, wliich were planted in string beans. The timothy plats were

again plowed' and reseeded.

In September, 1912, the plats were limed, using 500 pounds per

acre CaCOg in excess of the amounts required by the soil as determined

by the Yeitch method, given in Table II. The manganese sulphate

was apphed to the wheat, rye, and timothy plats on September 15,

and the plats and their checks were seeded. The corn, cowpea, bean,

and potato plats received their applications in the spring of 1913,

shortly before seeding time.

The results for 1913 are given in Table IV.

Table IV.

—

Effect of manganese sulphate on the yields of wheat, rye, timothy, beans,
corn, cowpeas, and potatoes in 191S.

Area and treatment. Wheat. Rj-e.
Tim-
othy.

Beans. Corn.

Cow-
peas.

Pods. Vines. Stover. Ears.

Per square rod: Lbs.
13

n

2, oso
1,760

Lhs.
15

14

2,400
2,240

Lbs.
36
38

5,760
6,080

Lbs.
15
17

2,400
2,720

Lbs.
18

18

2,800
2,800

Lbs.
24
21

3,840
3,360

Lbs.
13

11

Bush.

30
25

Lbs.
32
29

5,120
4,640

Lbs.
24
21

Bush.

Treated with MnSOj..
Per acre (calfulated;:

Untreated 64
Treated \nthMnS 04.. 56

The results show that the manganese sulphate has again depressed

the yield, but only slightly as compared with previous years. The
only cases where the manganese plats produced larger yields were

with timothy and beans, but the differences are very small.

The soil was again examined for acidity early in August and the

wheat, rye, corn, cowpea, and potato plats were again found to be

acid ; the timothy and string-bean plats, however, were neutral. This

was true of both the check plat and the manganese-treated plat.

Th(! lime requirement of the different plats, expressed in pounds of

CaCOg per acre, is given in Table V.

Tahi.k \'.

—

Lime {('a(!()-_^) refjuirem^nt per arrc of Ihr different plats to a drplh. of 6 inches.

Plats. Wheat. Rye. Timothy. Beans. Corn. Cowpeas. Potatoes.

rntrpated
Pounds.

l,4fK)

\,m)

Pounds.
l.OfM)

1.2()<)

Neutral

.

...do
Neutral

.

...do

Pounds.
1,200
700

Pounds.
900
900

J'0U7ld».

1,200
Treated with MnSOi 901)

The amounts of lime added in the fall of 1912 were not sufficient to

keep this soil neutral during the n(!xt growing season except in the

two cases nicnl ioncd, iuid it is noted that tlicsci jitc tlie two pluts on
\vlij<li the niangunese ])roduced tlu; increase over its check.
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For the 1914 crops, lime (CaCOg) was added to all the plats at the

rate of 2,000 pounds per acre, except the timothy and bean plats,

which received an application of 500 pounds per acre. To the timothy

plats lime was added on the surface to the sod; on the other plats the

lime was applied to the surface and well harrowed, so as to thoroughly

mix the lime with the soil to a considerable depth. The reaction of

the soil was tested four veeks after the lime was applied and period-

ically during the growmg season. The soil in all the plats showed

no acidity during the entire season.

The manganese sulphate was applied and the crops were grown in

1914 as before. The yields for the year are given in Table VI.

Table VI.

—

Effect of viangane.se sulphate on the yields of wheat, rye, timothy, beans,

corn, cowpeas, and potatoes in 1914.

Area and treatment. Wheat. Rye.
Timo-
thy.

Beans. Corn.

Cow-
peas.

Pods. Vines. Stover. Ears.

Per square rod:
Untreated
Treated with
MnS04

Per acre (calculated):
Untreated
Treated with
MnS04

Us.
23

28

3,680

4,480

Lhs.
37

57

5,920

9,120

Lbs.
38

43

6,080

6,880

Lhs.
17

20

2,720

3,200

Lbs.
20

24

3,200

3,840

Lhs.
28

31

4,480

4,960

Lhs.
14

16

Bush.

32

36

Lhs.
23

27

3,680

4,320

Lhs.
23

.21

Bush.

61

56

Table VI shows that the manganese-treated plat with each crop

except potatoes produced a larger yield than its check. The largest

increase was with the rye crop. The grain was thrashed in this case,

the check plat yielding 4 pounds of grain and the manganese plat

7^ pounds. The straw was increased 3,200 pounds per acre." The
rye growing on the check and manganese plats is shown in figures

1 and 2 and the harvested straw and. grain in figure 3. In the case

of the other crops wheat was increased 800 pounds, timothy 800

pounds, bean vines 640 pounds, bean pods 480 pounds, corn stover

480 pounds, corn grain 4 bushels, and cowpea hay 640 pounds per

acre. With potatoes, there was no increase; in fact, a decrease of 5

bushels per acre is shown.

For the 1915 crop all the plats were again limed at the rate of

2,000 pounds per acre, the lime being applied in the fall of 1914.

The manganese was apphed as usual. Acidity tests of the soil were

made periodically, and again the soil was found not to become acid

during the growing season of 1915. The yields for 1915 are given

in Table VII.
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Table ^'II.—Effect of manganese sulphate on the yields of wheat, rye, timothy, beans,

corn, coivpeas, and potatoes in 1915.

Area and treatment. Wheat. Rye.
Timo-
thy.

Beans. Corn.

Cow-
peas.

Pods. Vines. Stover. Ears.

Per square rod

:

Untreated
Treated with
MnSOi...

Lhs.
11

14

1,760

2,240

LU.
18

26

2,880

4,160

Lbs.
41

45

6,560

7,200

Lbs.
25

27

4,000

4,320

Lbs.
31

34

4,960

5,440

Lbs.
48

54

7,680

8,640

Lbs.
30

33

Bush.

68

75

Lbs.
31

40

4,960

6,400

Lbs.
19

19

Bush.

Per acre (CRlculated):
Untreated
Treated with
MnSCi

40

40

The effect of manganese on all the crops m 1915 was somewhat
similar to its effect m 1914. Considerable increases were produced

Fig. 1.—Rye on an untreated plat.

with each crojp except potatoes. In this case the yield was the

same in the check plat and manganese plat. Again the largest in-

crease was secured with rye.

OXIDATIVE POWER OF PLATS WITH AND WITHOUT MANGANESE
UNDER NEUTRAL CONDITIONS.

In July, 1015, samples of soil were taken from each plat, as previ-

ously described for the work done in 1912, in order to determine the

oxidizing power. The relative oxidation in the check plats and

inungiincse plats is given in Tabl(5 VIII. Tlie chec^k plat in each

case is taken as 100 and compared with the manganese plat growing

the same crop.
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Table VIII.

—

Relative oxidation in plats treated with manganese sulphate and in the

corresponding check plats growing the same crops.

Plats. Wheat. Rye. Timothy. Beans. Com. Cowpeas. Potatoes.

Untreated 100
2S3

100
132

100
75

100
109

100
76

100
107

100
Treated with manganese 105

With the exception of the timothy and corn plats, the addition

of manganese sulphate has increased the oxidizing power of the soil.

In general, however, this increased oxidation agrees with the increased

yields in the limed soil. This is in contrast to the action of manga-
nese in this soil while under acid conditions, which caused less oxida-

tion in the soil and a decreased growth. Under acid conditions the

Flu. 2.—Kye on a plat treated with manganese.

effect of oxidizing compounds, such as manganese salts, is much
lessened or entirely inhibited, while under neutral or slightly alkaline

conditions this oxidizing power is stimulated. The soil under study

is of an acid character, naturally poor in its oxidizing power, and is

physically bad. Methods of cultivation which loosen and aerate

the soil and chemicals which increase its oxidizing power should

increase its crop-producing power. With the acid soil, where manga-

nese gave decreased yields, conditions were such that stimulating

action on plants and microorganisms of the soil did not come into

play; or, possibly on account of the acidity of the soil, the effect of

the manganese led to a stimulation of other biological processes,
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acting on the organic soil constituents in such a manner as to pro-

duce changes mjm'ious to the growmg crops.

The stimulation of the oxidative processes by manganese was
favorable in the soil kept under neutral or alkaline conditions by
applying lime year by year, and these oxidative processes acting in

timi on the organic or inorganic constituents of the soil produced

changes beneficial to the growing crops.

SUMMARY.

In a 6-years' field test of manganese sulphate used at the rate of

50 pounds per acre on an acid silty clay loam, its effect each year

Fig. 3.—Effect of manganese on rye. Straw and grain from check ]>hit, on the loft; from plat treated

with manganese, on the right.

was not beneficial t(; the crops grown—wheat, rye, corn, cowpeas,

and potatoes. The soil in the various plats required from 1,780 to

alKJut 2,750 pounds of CaCO., to neutralize tlie first 6 inches. The soil

is of an acid character, is low in organic matt(^r, rather ])ad physically,

and naturally has a poor oxidizing power. Tlie oxidative processes

in the soil were lessened l)y manganese in most of tlte plats under
the acid condition.
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. The action of manganese was studied on the same plats, kept

neutrahzed with lime for the three succeeding years following the

experiment with the soil in an acid condition.

The productivity of the soil was increased by manganese under
this neutral or slightly alkaline condition. With wheat, rye, timothy,

beans, corn, and cowpeas the yields were increased, while with

potatoes the yield was practically the same in the treated and the

check plats.

The oxidative power of the neutralized soil was also increased by
manganese, which is in accord with the results of former investiga-

tions, which have shown that the oxidation by manganese salts is

greater under shghtly alkaline conditions.

The action of manganese in decreasing the oxidation in the soil

while acid is in harmony with the decreased yield, and its action in

increasing the oxidation of the neutralized soil is in harmony with

the increased yield. The action of manganese in the acid soil was
probably to stimulate the life processes in the soil, acting on the

organic matter in such a way as to produce changes which resulted

in a lessened crop-producing power, while its action in the neutralized

soil was such as to stimulate oxidation and other biological processes,

acting on the organic soil constituents and producing changes

favorable to the growing plants.

These results on the behavior of manganese as a so-called catalytic

fertilizer when acting under acid or neutral soil conditions show that

no profitable return is to be expected in soils of a persistent acid

tendency until such soils are limed.
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INTRODUCTION.

Lemon-grass oil is the volatile oil distilled from the plant known
botanically as Cym.hopogon citratus DC. and commonly called lemon
grass (fig. 1). It is lemon yellow to brownish in color, with a strong

odor resembling that of the lemon verbena, and for many years

has occupied a prominent place in tlie perfume industry. The value

of this oil depends almost entirely upon its content of citral, which
is used in the manufacture of ioiione, or artificial violet. Consid-

erable use is also found for the oil in the soap industry.

The principal regions where lemon-grass oil is produced are the
Travancorc I'rovince and Madras Presidency of Inclia and the island

of Ceylon. Small quantities are regularly produced in other parts

of the East Indies, and from time to time in many other ))arts of
the world.

K.xact figures aic not available regarding the consmnption of

lemon-grass oil in 1 h?' Inited States, but estiniiiles place it at about
100,000 |)oun(ls juinually.

For the past eight years tiu^ Jiureau of J^lant Industiy has been
(•ondu<;ting exp(!riin(HitH in lh<! grov\'ing of lemon ginss in central

(MhZ'J'—Bull. 442—17
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Florida, and during the course of the experiments field tests have
been made with 13 varieties secured from eight different parts of

the world.

SOIL AND CLIMATIC REQUIREMENTS OF LEMON GRASS.

The best results with lemon grass have been obtained on well-

drained sandy loam (fig. 2), but this plant also does well on light

sand, such as the high pine lands of the Florida peninsula. Newly
cleared sandy pine land without the previous application of lime has

Fig. 1.—Two plants of lemon grass four luouihs afler plauf ing.

also given good results. Soil which is poorl}" drained or underlain

by hardpan within 3 feet of the surface should not be planted to

lemon grass. Field tests have not been made on heavy clay lands,

but the successful cultivation of the crop on that type of soil is

regarded as doubtful.

The climatic rec{uirements of lemon grass are subtropical. A
winter temperature of 28° F. has killed the plants to the ground,

while 24° has killed the roots. However, the crop may be planted

^\'ith safety where the temperature does not fall below 25° F., and

under certain conditions even a slightl}" lower temperature may not

cause serious damaae.
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PROPAGATION.

Lemon grass does not produce seed in this country, although occa-

sionally an abortive flower spike may be found on old, neglected

plants. Propagation, therefore, is effected by division of the clumps.

From each clump 25 to 50 divisions may be separated easily by tear-

ing them off from the base of the mature plant. This should be accom-

phshed by a sidewise pull, so that a few root fibers will be retained

on each division. In case the old plants are to remain in their places

the required number of divisions can be secured by pulling them off

Fig. 2.— I-/emon grass 31 feet high six months after planting on sandy pine land.

from the outer edge of the old clump. With a little practice these

may be removed without loss of root fibers.

Before planting, the tops of the divisions should be cut back to about

3 inches (fig. 3). The plants should be set in the early spring in rows
.'•) feet a[)art and about 18 inches apart in the row. This work should

he done just after a ruin or at a time wlien the soil is sufficiently moist

not to rc(|uii'(' artificial watering.

FHUTHJZKRS AND CULTIVATION.

The results ol)l;rnic(| from exjx'riiucnl.il (Vrlili/ci- j)lats seem to

indicates tlnit on tlie sandy Florida soils ratlici" inoic potash is r(M(nired

by lemon glass than by most grasses. Analysis shows a consich^rable

variation in the percentage of nitrogen, phosphoric acid, and potash

present in th(; plants of the different varieties tested. Tlu^ results

-eenred with one variety, whieh iii!iy be taken as a ty|)(', sliow that
.") tons of lemon g/ii>s conliiin 2().;>2 pounds of nitrogen, 3."). 20 |)oiinds
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of potash, and 18.75 pounds of phosphoric acid. In the fertilizer

tests a better growth was secured when the potash was applied in the

form of the sulphate, and the results were more satisfactory when
part of the nitrogen was apphed in organic form. In the tests which
have been made a fertilizer having 4 per cent nitrogen, 5 per cent

potash, and 8 per cent phosphoric acid, applied at the rate of 600

pounds to the acre, has given the best results with the least cost. On
soils of higher fertility a smaller quantity could be used. Although

the use of larger quantities of fertilizers will give a heavier growth, it

Fig. 3.—A mature clump of lemon grass, with divisions taken from it and trimmed for planting.

is by no means certain that the additional cost will be met by the

increase in the crop.

As soon as the plants have become well established in the field the

fertilizer should be given as a side application and well worked in at

the first cultivation. Cultivation should be frequent throughout the

spring, to conserve the soil moisture, and throughout the summer all

weeds should be kept down, as a few ill-smellmg weeds in the crop

at harvest time will greatly injure the odor of the oil. After the first

year, only slight cultivation is needed, smce after it is well established

lemon grass tends to retard weed growth.

HARVESTING.

The first cutting should be made four or five months after planting,

at which time the plants should be from 2^ to 3 feet high and the

bunches from 8 to 10 inches in diameter. Although the plants will
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continue to grow tkroughout the summer, it has been found that

after a certain size has been reached the increase in weight is less

rapid; hence, it is more profitable to harvest the crop at the time

stated and allow a new growth to develop. In the early fall of the

first year a second cutting can be secured. After the first year the

growth in the spring is more rapid and three harvests a year can be

obtained. Harvesting can be accomplished by the use of a mowing-

machine so adjusted as to cut the plants about 8 inches above the

ground. The cut material can be raked up with a horserake run

crosswise of the rows.

In order to determine the proper stage and height at wliich the

plants should be cut to produce the best yield and quality of oil, a

number of tests were made, covering several years. In 1908 the

plants were cut when they were 2 feet high. They were then tied

in bundles, the bundles cut into tliree 8-inch lengths, and each portion

chstilled separately. The yield of oil obtained from each portion,

together with the citral content of the oils, is shown in Table I.

Table I.— Yield cnid citral content of lemon-grass oils distilledfrom plants 2 feet hit/h.

Porlion of plant, distilled.
Yield of

oil.

Per cent.

Upper third 0. 46

Middle third .24

Lowest third , .10

Citral con-
tent of the

oil.i

Per cent.

70

78

82

' The ritral content throughout all the experiments was determined by the sodium-sulphite method.

From these results, which are borne out by additional data obtained

in succeeding yeai-s, the conclusion is evident that close cutting will

not be profitable, because of the low oil content in the lower portion

of the plant

.

For the purpose of determining whether the hauling cost could be

reduced })y drying the plants before taldng them to the still, the

following test was made: A quantity of fresh plants was collected,

well niixcfl, and di\'ided into thre(> portions. The fii-st portion was
flislillcd green, the second portion wns exposed to the sun for several

hour- until the })lades were nearly dry, and the third portion was
(h-ied in a loft for several hom-s at 110° F. The two dried portions

wen- then distilled separately and the yield of oil calculated on the

original green weight of the material. The results secured, together

with the citral content of the oils, ai-<' gi\'en in Tabk^ II.

These T-esnlts show that there was considcrahle loss of oil by diying

the plants. In the rase oC the sun-dried phiiits the loss on a 4-tou

erop would he t.S pounds of oil, or. at the prices prevailing for 101'),

a lo.^s of .^ii.sl, whieh would more than pay for the extra hauling
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charge. Drjmig the plants seems to have no effect on the citral

content of the oil, but on storing it was found that the solubiUty of

the oil in alcohol diminished more rapidly in the oils from the dried

material.

T.\BLE II.— Yield nml citral rnntenf of lemon-grass oils f/istilled from green anfJ from
flricfl plants.

Condition of material.
Weight of
material
f green).

Weight of
material
(dried).

Yield of
oil (based
on green
weight of
material).

Citral con-
lent of
the oil.

Fresh
Pounds.

78.1
9.3.1

100.

3

Pounds. Per cent.

0.37
.31

..32

Per cent.

7S

.58.

3

62.7
78

79

DISTILLATION.

The apparatus required for the distillation of lemon-grass oil does

not differ from that in general use for the distillation of other volatile

oils. Before distilling the plants it has been found advisable to run

them through a fodder cutter, in order to permit closer packing in the

retort. From the data at hand it is estimated that if the plants are

cut into 2-inch lengths a retort will hold 100 pounds of material for

every 6 cubic feet of space, but if the plants are put in whole the

quantity which the retort can hold will be somewhat less. The
closer packing, how^ever, in no w^ay faciUtates distillation.

In a retort having a capacity of 30 cubic feet a charge of 3,000

pounds can be distilled in 2 to 2J hours by the steam which may be

readily generated in a small farm boiler, and by the use of a larger

volume of steam the time can be much reduced.

In this connection it is interesting to note that distillation under

20 pounds pressure in the retort increased the yield of oil, but gave

an oil of very dark color and with lower citral content.

After the oil has been distilled it should be freed from water so far

as possible in a separator}^ funnel, then dried by shaking with anhy-

drous calcium chlorid, and filtered. It should be stored in well-filled

air-tight containers in as cold a place as possible until ready to be

shipped to market. The shipping can be done in new and clean tin

cans wdthout injury to the product.

In order to determine whether any appreciable quantity of oil

would be lost by discarding the distiUed water coming over w4th the

oil, a series of tests was made in 1915. The water from a number of

charges of several pounds each was retained and each lot separately

recUstiUed. In the apparatus used in the experiments about 1

gallon of water was secured for each 22 pounds of herb in the charge.

The average of the results secured bv tlie redistillation of this water
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showed that 1.2 gram of oil was dissolved in each gallon of water, a

quantity too small to make its recovery profitable. Examination of

this recovered oil showed its characteristics to be practically identical

with the oil distilled directly from the herb.

VARIETIES.

Duiing the many years that lemon grass has been cultivated a great

variety of forms of the plant has been developed. Some years ago

an attempt was made to divide the old species into two separate

species, basing the descriptions partially on the character of the oil

secured from the two sorts. In the essential-oil trade it long has been

recognized that there is a Avide difference in the characteristics of

lemon-grass ods from different regions. It is not the purpose of this

paper, however, to discuss any questions of systematic relationship

or nomenclature of the plant, but since a wide difference has been

found in the commercial value of the strains under experimental

cultivation, a brief discussion of these will be of interest to the pros-

pective grower.

During the course of the experiments, plants were obtained from a

number of sources, and altogether 13 different strains have been

tested. Following are the sources of the various strains

:

1. Secured from a nursery in Florida. Tlie oritiiiial stock was from

Havana.

2. A local form sold in Die Florida nursery trade.

3. Isle of Pines.

4. Porto Rico.

5. Cochin China.

6. Ceylon.

7. Mexico.

8. India.

9. India.
'

10. 11, and ]2. ()ri),dii unknown.

13. Ceylon.

'^ITicsc 13 strains faU into the foll(A\niig clnssf's as regards gi-owtli

<tharacteristics

:

(1) The West Indian type, represented by Nos. 1, 2, .'i, and I . The planls arc 21 Id :!

feet hif^h, with lax, droopinj;; leaves and of light color.

(2) Tl>e East Indian typo, represented by Nos. 5, S, and !). TIk; plants are '.Vj in I

feet high and crcrt. The leaves are rallicr creel and more s(at)r()ns tlinn i]\c West
Indian form.

(?>) The Mexican form, represented by Xn. 7. This is a we:d< form, very dniopinj;-

in habi*. with lax leaves and very liglitin (oinr

Xo. 6 ha.s the typical West iudiuii uj)pearaiice, but is juurkcidly

different in oil yield. No. 13 has tlic typical Kast Indian appearance,

<!\f('pt tlie col<»i-, wlii<-h is very ligbl, almost ycUowish. Nos. JO, 1 1^

.and 12 arc of the a|)|);-ov(Ml lOasl Indiiin lype.
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Table III shows the variations in the yield of oil and the citral con-

tent of the oil from these various types for the season of 1915.

Table III.— Yield and citral content of lemon-grass oils distilledfrom the various j)lants

under cultivation in 1915.

Variety. Yield of oil.

Citral con-
tent of tlie

oil.

Variety. Yield of oil.

Citral con-
tent of the

oil.

No 1

Per cent.
0.24
.27
.16
.23
.15

Per cent.

80
70
73
72
79

No. 9.
Per cent.

0.20
.23

.28

.29

.12

Per cent.

76
No.5 No. 10 80
No. 6.-
No 7

No. 11

No. 12.

80
81

No. 8 No. 13 85

It has been found year by year that there is considerable variation

in both the yield of oil and the citral content, yet the figures given

in Table III may be taken as representative of the varieties men-
tioned. It will be noted that the Ceylon forms, Nos. 6 and 13, are

very low in oU yield, and the same is true of No. 8, from India.

Both the yield of oil and the citral content of the oil have been

found to be affected to a considerable degree by the type of soil on

which the plants are grown. Therefore, before selecting a variety

for commercial planting, tests should be made to determine which

variety will give the highest yield of oil per acre and the highest

citral content on the land to be used. The vigor of the plants should

also be considered, since there seems to be a difference in soil require-

ments among the varieties tested.

FACTORS AFFECTING THE YIELD OF LEMON-GRASS OIL.

Soil conditions.—In order to determine the effect of soil conditions

on the yield of lemon-grass oU, tests were made in 1908 with the West
Indian variety. No. 1, on soils containing various degrees of moisture.

On light sandy soil of the high hammock type the yield of oil was
0.31 per cent, and on moist bottom land 0.27 per cent. Another test

on sandy high pine land in a different location gave an oil yield of

0.35 per cent, and on moist land near the lake 0.28 per cent. Further

tests with this variety under other conditions of soil moisture gave

results which were also much in favor of the sandier and better

drained land. In 1915 the plat devoted to the Ceylon variety. No. 6,

showed a higher yield of oil from the plants grown on the high,

weU-drained, sandy sod than from the part of the plat which con-

tained slightly more moisture, 0.16 per cent being obtained from the

former and only 0.11 per cent from the latter. Similar results were

secTU'ed in 1914 with varieties Nos. 5, 8, and 9.

The evidence thus far available indicates that for all the forms of

lemon grass tested, a heavy growth of herb with high oil content is

to be expected on light, well-drained soil of the high pine type.
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Time of harvest.—Since lemon grass is a perennial crop and two or

three cuttings can be made each year, it is of interest to note the

difference in yield of oil secured from the plants at each harvest. In

Table IV are given the results obtained from each of two harvests

for various years.

Table IV.— Yield of lemon-grass oil distilledfrom plants harvested at two different times

of the year.

Year and plants har-
vested.

Yield of oil.

Yeai' and plants har-
vested.

Yield of oil.

First
harvest.

Second
harvest.

First
harvest.

Second
harvest.

1908. Per cent.

0.31
.40
.20

.40

.28

.37

.34

.16

Per cent.

0.33
.48
..35

.36

.46

..50

.35

.20

1914—Continued.

No.8
Per cent.

0.12
.24

.27

.11

.19

.23

.28

.29

.12

Per cent.

0.38
No. 9 .36

Third plat
1915.

No.l1912.
.26

No. 1 No.8 .11
No.8 No.9 .17

No. 10 .47
1914. No. 11

No. 12

.40

.31

No. 13

No.6

These residts show that in general the percentage of oil is higher

in the second cutting. In the first year of planting, however, the

quantity of herb obtained in the second cutting is much less than

that from the first cutting; consequently, the acre yield of oil in the

first year would be greater from the first cutting rather than from the

second.

FACTORS AFFECTING THE CITRAL CONTENT OF LEMON-GRASS OIL.

Closeness of cutting the plants.—Experiments conducted with

variety No. 1, grown on very light sandy soil, showed that the citral

content was highest in the part of the plant nearest the ground.

Large plants divided into three portions yielded, on distillation, oil

witli citral content as follows: Upper portion, 70 per cent; middle

portion, 78 per cent; and lowest portion, 82 per cent. A similar test

made with variety No. 5 divided into only two portions yielded oil

with citral content in favor of the lower portion, as follows: Upper
portion, 74 per cent; lower portion, 76 per cent. These results show
that the clos(;st cutting which gives a profitable yield of oil also pro-

duces a better quality of oil.

Soil nujisture.—Plants of variety No. 1 ,
grown on soils having vary-

ing degrees of moisture, yielded oil witli citral content as follows:

On dry sandy soil, 75 per cent citral; on slightly moist sandy loam,

68 p(!r cent; and on moist loam near th(^ lake, 66 ])er cent. Further

tests with other varieties <in difrcn-iit lyjx's of soil liav<> given similar
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results. This would indicate that high citral content can be secured

only from plants grown on very well drained soil.

TiTYie of harvest.—Although the citral content of the oil does not

appear to be greatly affected by the time of harvest, the results indi-

cate that of the two harvests each year the oil distilled from plants

of the first harvest contains the greater quantity of citral. Data
covering a number of years are given in Table V.

Table V.- -Citral content of lemon-grass oil distilledfrom plants hai'vested at two different

times of the year.

Year and plants har-
vested.

Citral content of oil.

Year and plants har-
vested.

Citral content of oil.

First
harvest.

Second
harvest.

First
harvest.

Second
harvest.

190S. Per cent.

72
74
75

76
78

78
78
77

Per cent.

74
72
72

78
76

1914—Continued.

No. 8
Per cent.

81
75

70
73
77
78
80
80
81
85

Per cent.

72
No. 9 59

Third plat
1915.

No. 5
1912.

68
No. 1 No. 6 71
No. 8 No. 8 64

No. 9 70
1914. No. 10 74

No. 11 82
No. 12

76
79

No. 13

SOLUBILITY OF LEMON-GRASS OIL IN ALCOHOL.

For many years it was considered that good lemon-grass oil should

be soluble in clear solution in three volumes of 70 per cent alcohol,

and this was the test applied before the method of citral determina-

tion was in general use. It served a useful purpose, however, inas-

much as certain adulterations which had become quite general could

thus be detected, but at the present time, when the valuation of the

oil is entirely on the basis of the citral content, it is difficult to under-

stand the reason for the continued use of the solubility test. It

has been shown repeatedly that in many parts of the world pure

lemon-grass oil does not pass the solubility test, especially after it

has been stored for several months. This has been true of most of

the samples of the oils produced in the Western Hemisphere, so that

West Indian lemon-grass oil has come to be a synonym for insoluble

oil. This discrimination has kept out of the market inany West
Indian oils of very high citral content.

There has been much discussion regardmg the factors which affect

the solubility of the oil, it having been contended that the length of

time of distillation is the controlling factor. In order to secure data

upon this point the following tests were made: In 1914, 158 pounds
of the freshly cut plants were distilled with steam and the oil drawn
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off in fractions at intervals of 45 and 60 minutes, respectively. The
fii"st fraction represented a yield of oil of 0.28 per cent, the citral

content of the oil being 80 per cent, while the second fraction repre-

sented a ^neld of 0.04 per cent of oil, with a citral content of 85 per

cent. When first distilled the first fraction gave a slightly cloud}^

solution with three volumes of 70 per cent alcohol, but after two
months it gave a very cloudy solution in all volumes of 70 per cent

alcohol. The second fraction was soluble with clear solution in three

volumes of 70 per cent alcohol, showmg no sign of change after two
months. Another sample of 203 pounds of the fresh plants distilled

with steam and the oil drawn off in fractions at intervals of 15, 15,

20, and 40 minutes, respectively, gave the results shown in Table VI

.

Table VI.

—

Citral content (ind solubility in 70 per cent alcohol of various /ructions of
lemon-grass oil.

Frucrions. Yield of oil.
Citral (.011-

tent of oil.
Solubility in 70 per cent alpohol.

Per cent.

0.21

.05

.01

Per cent.

39

74

82
SO

15 to 30 minutes
volumes and over.

30 to 50 minul es
and over.
Do
Do

From the results shown in Table VI it is evident that complete

extraction of the oil gives a product of greater solubility and higher

citral content.

The oils produced in Florida from all varieties of the plant have
passed the solubility test when first distilled, but after storing for

three months all have become insoluble. At the present time there is a

decided tendency to disregard the solubility test, and no difficulty

has been encountered in selhng the Florida oils at a good price when
the citrjil content wms 70 })er cent or more.

("OMM I:R( J A L POSSIBILITIES.

The consumption of lemon-grass oil in the United States for the

manufacture of iononc and for perfumery purposes is continually

increasing, and it is believed that the demand is sufri('iejit to warrant
an att('ni})t to grow the plant for the commercial ]:)r()(kiction of the

oil in such parts of the country as possess the proper climatic require-

ments. Tests on iicre plats have been made to determine the cost

of pro(hjction, the Ixvst methods of distilling the oil, and the ({uality

of the pro(hicl. Siiniples of the oil pi-odiiccd have ]H'on sold on the

ni;iikcl nl the |)iiccs pf'vailing for I he hcllci- gi'iides of imported oil,

;ind it sccnis pos.-^iblc lo [H'oducc the oil cnnuncrci.MlK :i( ;i f;iir pi-olif.
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From the experiments made thus far the following estimates are

given of the cost of production and the returns that may be expected

for this crop under average conditions:

EXPENDITURES.
First year (per acre):

Preparing the land $3. 00

Planting 2. 00

Fertilizers. . . 8. 00

Cultivation - 2. 00

Harvesting und distilling 5. 00

Total expenditures, first year 20. 00

Succeeding years (per acre);

Cultivation 1. 00

Fertilizers 8. 00

Harvesting and distilling 8. 00

. Tolal expenditures, second year and succeeding years 17. 00

RETURNS.

First year: 25 pounds of oil per acre, at 80 cents 20. 00

Succeeding years: 35 pounds of oil per acre, at 80 cents 28. 00

In these statements no allowance is made for such charges as

taxes, insurance, mterest, or depreciation of outfit. It is doubtful

whether the production of lemon-grass oil would be profitable if aU

overhead charges were placed against this crop alone, since the dis-

tilling plant would be in use only a few weeks m a year. However,
if grown in connection with other volatile-oil plants, so that a long

distilling season would be secured, it is believed that this crop will

A'ield returns comparing favorabl}' with other crops grown on the

same type of land.
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INTRODUCTION.

The New Mexico range caterpillar^ (fig. 1) is regarded as a serious

pest by the stockmen and farmers of eastern and southern New
Mexico. It devastates

large areas of range pas-

ture and at one time

threatened to destroy

the live-stock industry

over an area of 30 000 ^^^'- l—The New Mexico range caterpillar: Larva, fourth stage.

• 1 1^ 1 Much enlarged. (C. N. Ainslie.)
square miles. l"ormerly

it fed only upon the range gi'asses, but of late has changed its feeding

habits and now attacks many cultivattul (U'ops as well. The present

destructive abundance of the p(5st is probably due to the fact that

the natural enemies, in the form of parasitic and predacious insects,

birds, and small mammals, were ]-('(hic(Hl in numbers through some
severe climatic condition wiiicii, liowever, (Ud not destroy the cater-

« The purpose of this bulletin i.s to place before the stockmen and farmers of the Southwest the

results of InvcillKatlonH carried on diirinj,' ihepiist throe years concerning tlic control of tho Now Mex-
ico range cat«ri)lllar.

2 llf.mllf.uca olivlae Ckll.; order jyepldopteni, fiimily Hntiinilldiio.

SlWiO*—Hull.4 4.'{— 16
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pillar. Without these natural checks the caterpillar multipHed and
became destructively numerous. At the present time the introduced

and native natural enemies are apparently reducing its numbers and
it is hoped that it will soon cease to be a menace.

GENERAL DESCRIPTION OF THE RANGE CATERPILLAR.

The newly hatched caterpillars (fig. 2) are one-fourth of an inch

long, dark brown or black in color, covered with fiine prickles or

spines, and may be seen during the cooler parts of the day feeding

in groups. When not feeding, or during cold or wet weather, the

Fig. 2.—Hatching of the eggs of the New Mexico range caterpillar. Size of larvae indicated by metric

rule beneath. (C. N. Ainslie.)

small caterpillars (fig. 3) ascend a grass or weed stem and twine

themselves together in a tight ball, for mutual warmth and protection

against cold or rain. When in this position they are conspicuous

objects upon the prairie. These small caterpillars feed upon their

various food plants, growing rapidly larger, and as this occurs they

separate from one another, and generally feed alone. In this process

of growth the caterpillar "sheds its skin," or molts, five times, after

each molt becoming larger and of a different color, gradually chang-

ing from the dark brown or black of the newly hatched caterpillars

to a uniform light brown, then to a light brown streaked with yellow,

and finally the full-grown caterpillars appear, yellow in color, with

faint black markings. These full-grown yellowish caterpillars are

from 2 to 3 inches long and as thick as a man's little finger, being
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covered with clusters of sharp, poisonous spines. They remain in this

stage about four weeks, and, owing to their large size, greediness, and
great numbers, do their greatest damage at this time by devouring,

or rendermg unfit for grazing, most of the range grasses, and certain

cultivated crops to a more limited degree, over large areas.

WHERE THE RANGE CATERPILLAR OCCURS.

At the present time the range caterpillar is known to occur in the

northeastern and south-central portions of New Mexico, with a

scattering infestation along the adjoining '' Pan-

handle'' of Texas. During the season of 1915

small colonies were found at Duran and Corona,

in southern New Mexico. The parent moths have

been found outside the hmits mentioned, but in

these locahties no caterpillars have ever been dis-

covered, although the surrounding country has

been searched each year for evidence of their

presence. It seems possible that this pest may
eventually be found far to the southward of its

present kno^^ai hmits, but the msect is now of

great economic importance only in the north-

eastern corner of New Mexico, in the counties of

San ^Miguel, Taos, Mora, CoKax, and Union.

ITS ECONOMIC IMPORTANCE AND GREAT ABUN-
DANCE.

In many parts of the section just mentioned

these range caterpillars, or "grass-worms," as

they are popularly known, constitute a great fig. 3.—The New Mexico

menace to successful stock raising and farmmg. 3uS'on wcTd

When the present investigations began, many stem, to avoid the

stockmen and farmers were of the opinion that on
^^^^^^ ""(cTAiLH]

account of the ravages of this insect it would be

necessary to abandon stock raising in that part of New Mexico,

which, as ha.s been stated, includes an area of approximately 30,000

s([uarc miles, or about the area of Maine.

Owing to the constantly decreasing area devoted to stock raising,

tlie economic; importance of this caterpillar can not bo overestimated.

The gi-eat abundance of thc;se caterpillars should be taken into

consideration in estimating the damage caused by the insect. In

lOl.'i a total of oOO full-gr'own cntc^rpiUars were counted f(ieding upon

an averages s((uare rod of pastiijc, 6 miles northeast of Las Vegas.

This is at the ratc^ of .'iO,720,000 of these large caterpillars per square

niil(\ Many squan; miles in this section were similarly infested.

The caterpillar is commonly found in niinibcns of from 100 to 200



4 BULLETIN' i43. U. S. DEPAKTMEXT OF AGKICL'LTUEE.

to the square rod over all of the infested section. It is plainly evi-

dent that the tremendous abundance of the pest constitutes a grave

menace to any crops attacked.

CROPS AND GRASSES ATTACKED.

The range caterpillar devom-s the range grasses down to, but not

including, their roots. It feeds upon all the grama grasses, bunch
grass, foxtail, side oats, 'vdld rye, blue-joint, mesc|uite grass, buffalo

grass, and even bluegrass on lavms. About 40 different kinds of

grasses are included in the determined Hst of food plants of this

insect.

One of the most important developments noted dm'ing the past

two years is that of the apparent change of the food habits of the

range caterpillar. In many instances, in addition to its damage to

the range grasses, it has seriously injured cultivated gi'ains and
forage crops, including millet of various kinds, wheat, oats, barley,

milo maize, Sudan grass, and, to a slight extent, corn and alfalfa.

Of the cultivated crops, millet has appeared to suffer the most from

attacks of this caterpillar. The damage to such crops has usually

occurred where isolated farms were surrounded bv infested rangre

pastures. As the range country of Xew Mexico is rapidly becoming a

diy-farming and nrigated agricultural district, it is evident that the

range caterpillar, unless checked, is likely to become a serious pest

to cultivated crops, and therefore of as much importance to farmers

as to stockmen. However, it is at present primarily destructive to

the range pastures.

CHARACTER OF THE mjURY.

The range caterpillar injures the crops in two ways: First, by eat-

ing the range plants down to the roots, over large areas, and in the

case of cultivated crops by devouring the leaves ; second, bj- poison-

ing the uneaten plants with the caterpiQar spines, which it sheds

in crawling from place to place or during the process of molting.

INJURY CAUSED BY PLANT FEEDING.

The injury caused by the range caterpillar in feeding upon various

plants is the more important of the two, as it deprives the grazing

stock of food and renders such cultivated crops as millet and Sudan
grass unfit for forage. The greatest amount of damage is done during

July and August, although some destructive feeding takes place

during late June and early September. When the caterpillars are

very numerous the range pastures for many miles wiU have the

appearance of having been chpped by a lawn mower. Under these

conditions many of the caterpillars die through lack of sufficient food

to enable them to complete their growth.
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111 cultirated crops the caterpillars devour the leaves and, in rare

instances, the upper and tender portions of the stem.

The caterpillare are very greedy and wasteful feeders, often eating

onlv a small part of each plant destroyed. Frequently they will

bite thi'ough a plant stem several mches below its top and then eat

from tills point do"svn to the junction of stem and roots, leaving the

upper part of the plant as waste. They are equipped with large,

powerful jaws and eat a tremendous amount of plant matter each

/?0(^.

/^/EB.
I'lc;. J.—iJiagram illiislratin:; li.« cyck- of t he New Mexico range caterpillar. (Original.)

day. ^^uch of this food is not fully digestfvl, but passes through tlio

caterpillar and is voided in an a[)parently slightly (^lianged condition.

Oftentimes it appears that the caterpillars eat from habit rather than

necessity.
inji;ry caused by poisoning uneaten plants.

Wlicn partly grown the range caterpillars develop poisonous spines,

probaljly as a protection against birds or inse(;t-eating mammals. In

crawling from plac(! t(j ])lac(^, or (hiring tlie j)rocess of molting, tlieso

spines (see fig. \) bceoinc scatt(u-ed ilirougli the imcntcii ])]iints.
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Upon coming in contact with the tender portions of the human skin,

such spines cause at first an intense local irritation or smarting, which

later results in a swollen and itching condition of the

affected parts, resembling that caused by the sting of a

wasp. It is possible that the same thing happens to the

mouth of an animal feeding upon this grass, and that

after one experience the plants are left untouched. At
least the cattle seem to avoid grasses so affected. For

this reason many areas of range pas-

ture not actually destroyed by the

range caterpillar are rendered unfit for

grazing purposes.

LIFE HISTORY.

During its Hfe (see fig. 4) the range

caterpillar passes tlirough four stages

—

first the egg, then the caterpillar, next

the pupal or ''spun-up" stage, and,

lastly, that of the moth or parent.

Egg stage.—^The eggs (fig. 5) are de-

posited by the parent moths (fig. 6)

during the months of September, Oc-

tober, and November, in cylinder-

of New Mexico shaped clusters, about the diameter
range caterpillar of an Ordinary lead pencil, encirchng
on weed stem. , • —,,

Enlarged, (c. grass and weed, stems, ihese egg
N. Ainsiie.) clustcrs coutaiu from 50 to 175 eggs,

are pearl-white in color, and from their size and

position are frequently mistaken for bunches of

weed seeds. The individual eggs are fig- 6.—The New Mexico

very tluck-sheUed and able to with- '^T^JSSL
stand the winter weather conditions resting attitude. En-

in New Mexico.
'^'''^- (^'- N- Ainsiie.)

Caterpillar stage.—The caterpillars (fig. 2) hatch from
the eggs as a rule in May or early June, the time de-

pending upon moisture conditions. A certain amount
of moisture appears to be necessary for hatching the

eggs, temperature being of less importance. By late

August or during September the caterpillars have com-
FiG. 7.—The New . ^ . . i i

Mexico range plctcd their growth and are ready to enter the spun-
caterpUlar: Pu- ^p" or pupal Stage,
pa, side view. i. ± j. o
Enlarged, (c. Pupal Stage.—In entering its pupal or resting stage
N. Arnsiie.)

(-|^g y-^ ^]^g fuU-growu Caterpillar draws the stems and leaf

blades of any weed or grass plant together (fig. 8), and inside this

foundation spins a rough, nethke inclosure or cocoon of yellow silk.
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Inside this cocoon the pupa is formed. The pupa is dark brown
in color, more or less cone-shaped, and from 1 to 1^ inches long. It

is this process of '' spinning up" that causes the matted and distorted

appearance of the range plants from late AugTist to the end of the

year. The pupal period lasts for a month or six weeks and then the

moth comes forth.

Moth, or parent insect.—^The moth (see figs. 6 and 9), or parent,

when freshly emerged bears only short, stubby wuigs, and may be seen

durmg the early part of

the day cliiigmg to a

grass or weed stem sit-

uated near its former

cocoon. After a few

hours the wings be-

come fully developed

and the moth takes

fhght. Mating occurs

very soon after emerg-

ence from the pupa,

andwithin 24hours the
female deposits hereggs

for next year's brood

of range caterpillars,

after which she usually
dies very quickly. In

the moth stage this in-

sect does not consume
any solid food. Most
of the moths emerge

and deposit their eggs

during the period be-

tween September 10

and November 15.

They are most active

just before sunset and
arc often so numerous
as to give the impres-

sion of a snowstorm.

The male and female

moths differ in color and size. 'V\w. male moth measures about 2

inches from tip to tip of the wings; his wings arc white or light gray,

and his body is covered with long, brick-red hairs. Tlic fcunalo

moth Is larger than the male, being generally 2^ to 3 inches from
tip to tip of the wings; hcsr wings are rechlish gray or dark brown
and her robust body is dark reddish brown witli white stripes on
the lower side.

Fig. 8.—Tho New Mexico ratiKO cateri)illar: A characteristic mass of

cocoons in a single jilant of Oiiticrrczia. Ilodticcd. (C. N. Ainslic.)
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NATURAL ENEMIES OF THE RANGE CATERPILLAR.

Several kinds of natural enemies native to New Mexico are destroy-

ing the range caterpillar. To help these native forms, other kinds of

natural enemies have been introduced.

NATIVE NATURAL- ENEMIES.

A small percentage of range caterpillar eggs is destroyed by a four-

winged, wasphke internal parasite. Two kinds of two-winged flies

resembling house flies

or blowflies lay their

eggs upon the caterpil-

lars, and the maggots

hatching from them act

as internal parasites,

devouring the flesh and

^'insides" of the cater-

pillars. One of these

flies is illustrated in fig-

ure 10. Furthermore,

three kinds of wasplike

internal parasites, one

of which is shown in

fig-ure 11, have been

found to destroy the

pupae. The effective-

ness of such parasites

in different localities

varies from less than 1

to as much as 75 per

cent of the caterpillars

and pupae present.

Skunks eat great

numbers of range cat-

erpillar pupae and have

been the means of prac-

tically exterminating the pest over certain areas. During the autumn

season about 85 per cent of the food of the skunk, in the infested

region, consists of these pupae. This animal is very valuable as a

destroyer of insects.

Badgers, coyotes, mice, and robins also feed upon the range cater-

pillar in its various stages. Several kinds of large ground beetles,

some of the large ants, and robber flies prey upon the pest.

In some localities from 10 to 50 per cent of newly deposited eggs

are destroyed by two different kinds of camel crickets.

Fig. 9.^—Male moths of the New Mexico range caterpillar resting

during the day on stem of wild smiflower. (C. N. Ainslie.)
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INTRODUCED NATURAL ENEMIES.

Xatural insect enemies, similar to those mentioned above, have
been introduced into New Mexico from Massachusetts, Indiana, Kan-
sas, Missouri, and California in an attempt to aid the native natural

enemies already present. Some of these have established themselves

in New Mexico and are at work helping to destroy the range cater-

pillar. None of these introduced insects, under any possible circum-

stances, could become injurious to crops.

Among the most important of these insects wliich have established

themselves in New Mexico are three kinds of large ground beetles

introduced from Massachusetts. One of these is illustrated in figure

12. Although onlv the above-mentioned insect enemies are known

Fig. 10. Tachina inella, a fly which is parasitic on the range caterpillar: Adult.

Ainslie.)

Enlarged. (C. N.

to be at work, additional natural enemies have been introduced to

work upon the; range caterpillar, and it is expected that they will

soon make their presence felt.

A WILT OR ROT DISEASE.

A "wilt" or rot disease in favorable seasons kills many range cater-

pillars during the late summer. This happens at rare intervals dur-

ing uinisually wet weather, but owing to the semiarid conditions of

tliis region the disease can not be depended upon to hold the range

cateq)illar in check.

DESTRUCTION BY HAIL.

Hailstorms often kill inuny full-grown <'-aterpillars during August
and September.
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HISTORY OF THE RANGE CATERPILLAR.

As a result of complaints received from the stockmen of north-

eastern New Mexico concerning the ravages of the range caterpillar,

a preliminary investigation was made during the period 1908 to 1912.^

It appears that no records exist of damage by this insect until

about 1904—that is, five years previous to the beginning of the original

investigations. There is no doubt, however, that the range cater-

pillar has been present in limited numbers in the section for many
years, and probably for centuries. Taking these facts into consid-

eration, it is probable that just previous to the date mentioned above

some severe and unusual climatic condition caused the death of most

Fig. 11.

—

Pimpla conquisUor , a parasite of the range caterpillar: a, Larva; b, head of same; c, pupa; d'

adult female. Enlarged, (d, C. N. Ainslie; a, 6, c, redrawn from 4th Rpt. U. S. Ent. Comm.)

of the natural enemies of the range caterpillar but allowed the pest

to survive, and in consequence to multiply rapidly and injure the

range. These unusual climatic conditions might have been in the

nature of a severe, long drought, or it might have been a mild, warm
period in midwinter, followed by a rapid drop in temperature, con-

ditions which occur in the plateau regions of New Mexico.

In 1913 a camp was established in the midst of badly infested range

pastures on the open range 6 miles east of Koehler, N. Mex. To
this camp natural enemies of the range caterpillar were brought

from various parts of the country. Experiments carried on under
temporary structures demonstrated that some of these natural ene-

mies were effective against the pest and were capable of existing

1 Ainslie, C. N. The New Mexico Range Caterpillar. U. S. Dept. Agr. Bur. Ent. Bui. 85, pt. 5,

pp. 59-96,flgs. 32-53, pis. 3, 4. 1910.
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under New Mexico conditions. These were therefore liberated on

the range.

After two years at this camp it became evident that perma-

nent quarters were necessary, so a laboratory was established at

Maxwell, N. Mex., where work, against the range caterpillar and other

cereal and forage-crop insects is now being carried on.

At the present time the native natural enemies are beginning to

assert themselves again, and with the help of the introduced enemies

it is hoped that the range caterpillar will soon be reduced to a point

where it wiU cease to

menace the stockmen and

farmers of the Southwest.

CONTROL MEASURES.

Mechanical measures,
such as burning the range,

roUing the ground, and

brush dragging have been

suggested as a possible

means of artificially con-

trolling the range caterpil-

lar. The pasturing of

turkeys and sheep has also

been proposed as a means
of control.

Burning the range

.

—
Burning the range to de-

stroy the range caterpillar

has been tried out. on sev-

eral occasions, but has not

proved successful on a

large scale because of the

lack of sufficient vegetation on most of the range to support a hot

running fire. Under certain favorable circumstances the winter

burning of restricted areas has proved of great benefit in destroymg

the overwintering egg clusters. Cultivated areas usually may be

protected by winter burning the surrounding egg-boaring grass, weeds,

or other vegetation. However, such burning destroys the grass

crop for that year, and unless car(!fully conducted may result in

the burning of buildings or timber in the vicinity.

RoUing tJie ground and brush dragging.—Rolling the ground with a

heavy cornjgated iron roll(T provcul expensive and killed only a small

percentage of tin; cattn-pillars pi-(!sent, on a(;count of the tufted or

uneven condition of the surfafic. Brush-dragging the small cater-

pillars gave similar results.

Fig. 12.—a predatory ground beetle, Calosoma sycophanta,

introduced into New Mexico from Massachusetts to help in

the destruction of the range caterpillar. About twice

natural size. (Howard.)
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Use of sheep turkeys.—1 . pasturing of sheep might prove

effective xdllir ^e caterpillars or pupae over small areas, but this

method would i ot oe practical on the vast expanse of the cattle

ranges. Turkeys* kept in confinement refused to eat the range cater-

pillar, and it therefore seems probable that they would not accept

them as food o^^
^' range.

General con- '.ons.—In any method for destroying the range

caterpillar, the low value of the range land must be taken into consid-

eration. This land sells for $5 or $10 per acre and rents at from 2 to

10 cents per acre. It will thus be seen that none of the foregoing

methods of artificial control are practical on range land. Thus the

introduction of natural enemies remains as probably the best solution

of the problem.

Protection of cereal crops.—When this pest is found attacking

cultivated cereal crops, such as corn, sorghum, or kafir, it can be

controlled ' v spraying these crops with a solution of powdered

arsenate oi j.ead, 1 pound to 50 gallons of water. But crops so

treated should not be pastured off or fed to stock until after heavy

rains have fallen, and at least 30 days should elapse between the

time of spraying and the use of such crops as forage.
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INTRODUCTION.

For a number of years past an abnormal development of vines of

the cranberry (Oxycoccus macrocarpus) has caused considerable loss

in cranberry marshes, especially in the district about Grand Rapids,

Wis. The trouble is commonly called false blossom by the growers.

Since this term is so generally used in Wisconsin and is somewhat
applicable to the disease, it is probably best to adopt it as the com-

mon name. It should be explained, however, that a disease of an

entirely different nature, caused by Exohasidium oxycocci Rost., has

received the same name among Massachusetts growers. The name
rose-bloom is proposed for this latter disease.

DESCRIPTION OF FALSE BLOSSOM.

The disease under consideration produces as one of its most con-

spicuous features a malformation or metamorphy of the floral organs.

It was briefly describ(^d by the writer (10)' in 1911. In the simplest

form of the trouble the flower pedicels become more or less erect

instead of drooping and the calyx lobes become onlargcnl, greenish,

and somewhat foliaccous. ITie petals become shortened, broadened,

' The figures In parentheses refer to " Literature cited" at the end of the paper.

Note.—This bulletin la of Interest to plant pathologists and to cranberry growers, especially In tho
States of Massachusetts, New Jersey, Wisconsin, and tho coastal regions of OroRon and Washington.

MOWi' -Bull. 444 10
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and sliglitly reddish or greenish, in color, as shown in Plate I, figure 2,

h and c. The stamens and pistil are more or less aborted and mal-

formed and no fruit is produced. Plate I, figure 1, shows normal

flowers for comparison.

All intermediate gradations of phyllody can usually be found
among diseased vines, from the simple form, in which there is only a

shortening and thickening of the parts of the perianth, to cases in

which the entire flower is replaced by a short branch with small

leaves, as shown in Plate II, figure 1, c, d, and e.

Fig. 1.—A cranberry plant in which the terminal bud has developed into a ninner instead of a fruiting bud.

Plate III shows a condition in which the different floral organs are

represented by whorls of green, leaflike structures on the prolonged

axes. Besides the transformation of the floral organs, other abnor-

mahties of growth are usually found. Plate IV shows details of a

malformed flower and various conditions of development of leaflike

bodies in whorls on the prolonged floral axis. Affected plants have

a great tendency to develop lateral branches from the usually latent

axiUary buds situated on the vine below the fruit bud, as shown in

flgure 1. The branches are slender and weak and fail to produce

normal flowers or fruit. They give the plant a kind of witches'-broom
appearance. In some instances the end of the flowering shoot, in-

stead of forming a fruit bud for the next season, as is the case in



FALSE BLOSSOM OF THE CULTIVATED CEANBEERY. 3

normal plants, continues to grow and produces a long, slender run-

ner, as shown lq figure 2. Cranberry plants in bogs where this malfor-

mation occurs generally show an excessive vegetative growth, usually

forming a deep, dense mass of vines.

In their dormant condition the ter-

minal buds are frequently enlarged and

abnormal and die during the winter.

Under some conditions the plants

produce few runners.

ORIGm AND DISTRIBUTION.

All the data at hand seem to indicate

that this disease first appeared in Wis-

consin. Cases of phyllody have been

found in Massachusetts, New Jersey,

Oregon, and Washington, but most

cases appear to be traceable to vines

obtained from Wisconsin. No printed

reference to this disease has been found

by the "svriter previous to his brief men-
tion of it (9) in 1908. The disease has,

however, undoubtedly been present in

Wisconsin for many years.

The first cases of the disease dis-

covered in Massachusetts were exam-
ined by Dr. H. J. Franklin and the

writer in 1914 and have been reported

by Franklin (3). Affected vines were

observed in five different bogs.
^

In
f,«. 2.-A cranberry plant m which the Bor-

four cases the vines were of the variety mally dormant axillarj- buds have devel-

known as Metallic Bell, which had '>P«d ^to shoots.

been obtained from Wisconsin. In the fifth case the variety was
unknown, but this also had come from Wisconsin. Tliese vines had

been planted about 10 years previously. The next year, 1915, the

writer's attention was called to the occurrence of this disease in New
Jersey. In this case llio plants were of the Jumbo variety obtained

from Wisconsin and planted several years previously.^ In both Mas-

sachusetts and New Jersey a few scattered vines showing the disease

have been found in plantings of eastern varieties in the same bog,

but wlu^ther tlxiso diseased vines are really eastern plants or have

ari.sen from Wisconsin cuttings is very difficult to determine, since

plants affected with fals(! })lossom rarely d(vv<^lop normal fruit. This

has raised tlio (juestion of the possi])le infectious nature of the disease.

> Since this wem written tlie diMaae lias J)een found in other bof^s In Now Jersey under such conditions

as to suggest thut ttio disease may have developed thnrn IrKiopcndAntly.
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ECONOMIC IMPORTANCE.

This disease is an important factor in reducing the crop of cran-

berries in Wisconsin. In some bogs one-half of the crop may be lost

on this account, as affected vines rarely produce any good fruit.

Fortunately, in Massachusetts, New Jersey, and on the Pacific coast

the disease up to the present time is confined to very small areas.

It is very important, therefore, to avoid the introduction of diseased

vines in new plantings.

CAUSE.

At present the cause of this pathological condition is uncertain.

Careful examination and study of many specimens in the field and

laboratory have failed to give any evidence that insects or fungi

cause the trouble, and the writer has come to believe, from all the

evidence at present available, that it is primarily due to some serious

disturbance of the nutritive fimctions of the plant. Goebel (4) says:

"In like manner there can be no doubt that the phyUody of flowers,

a favorite domam of teratology, is a symptom of disease; it is a mis-

birth, the cause of which we do not know in most cases." Similar

effects, such as chloranthy, as Peyritsch (8) has shown, may be

induced by aphides. In other cases it may be assumed that the

power of producing reproductive organs has been enfeebled, whUe
the vegetative growth has been abnormally stimulated through the

nutritive conditions.

Beijerinck (1 and 2) assumed the existence of certain growth

enzyms which caused the formation of normal organs. In case of

the transformation of organs, according to his theory, one growth

enzym must replace another or be formed instead of it.

In the case of the cranberry it seems possible that this striking

metamorphy is due to some serious disturbance of the nutrition of the

plant. A similar opinion was also expressed by Jones and Shear (5)

as the result of a joint field study of the disease. Mr. Malde (6),

who has observed this trouble for many years in Wisconsin, says:

The dryness of the season seems to have reduced the amount of "false blossom " this

year, and from the data gathered in the Mather region, it has become more evident than

ever that this so-called "false blossom " is due to conditions of culture rather than any

disease affecting the plant.

In all the localities in Wisconsin in which the writer has observed

this malformation, there has been a deep, coarse, peat soil, suppHed

with an excessive amount of water during the greater part of the

growing season. Of course these peat bottoms contain vast quanti-

ties of nitrogenous matter, but not in such form as to be available to

ordinary farm crops. The cranberry, however, is regarded by physi-

ologists as obtaining its nutriment chiefly by means of the endophytic

mycorrhiza of its roots and may be able to secure an abundance of
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A Normal Fruiting Branch of a Cranberry Vine and a Shoot with Malformed
Flowers.

Fio. 1.—A fniH.inK liriinch of a fraiibfirry vino witli normal flowers In dilforont stanos of dovolopnicnt:
a. An uno[)f!nj!<l bml; h, an open flower; c, tho j'oiin;^ fnilt just aftor tlio blossom luis falhui; </, yoiiiiK
fruit.

Tui. 2.—A fTfinlxirry shoot, showing tho simnlost forms of inalformiitlon of (lowors: a, A llowor wKli tlio

csilyx lolK^-i S')mf!Wliat broiulor than normal and the iwtals much sliortoiUMl and broadonctd; /), a Mower
with the :«'i)ar< bro;wlene<l and divided to tho base; the iHitals are also short, broad and vircsceiit, a|)-

proiwhin;; a foli;i'i-ous condlllon; tho stamens are somowhat shortened and abnormal, and tho ovary
abnormal, eloii'aled Into a eonieal form, and infertile; c, a e<mdltion very similar to tliat shown In f).

These illastralion.s were ma^le from j)laiits collected near (Irand Kapids, \Vls., on Juno 2!), 1!)()7.
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:^^^^

A Portion of an Upright Branch of a Cranberry Vine in Which the Terminal Bud,
Which Normally Produces a Flowering and Fruiting Shoot, Failed to Develop.
In Its Stead Three Shoots Arose from Normally Dormant Axillary Buds.

a, An abnormal flower in which the sepals are short, broad, virescent, and divided at the base; petals
short, broad, and mostly virescent; stamens present, but shortened and somewhat abnormal in form.
The ovary is prolonged into a columnar form, is virescent, and shows four depressed liaes representing
points of origin of the division walls of the ovary, which easily ruptures along these lines; 6, an enlarged
figure of the same flower; c, d, and e, flower pedicels in which the floral organs have all been transformed
into small foliaceous structures, c representing the most advanced condition of this transformation,
in which, instead of a flower, an almost normal foliaceous shoot is produced.
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Flowering Shoots of Cranberry ^/|NES, Showing Various Stages of Phyllody.

Fig. 1.—a flower in(; sliool; with tlirco flKTorcrifc kIukm of phyllody: a, The iikisI, jiroiKiiuiccd ciindh ion, in
which sepals anrl t)ol;ilsarofiljnorrnal in form and virosccnt. Jnslead of an o\;ii y.llio axis is cloiif^'alod,

bearing a whorl of four small, green, leafliko liodies, and this is followed by iiiiollii'rsiniilur whoi I, wi(,hin
which arc two ol her part iaily fleveloped organs of tlio same kind; b, an ehlargiid (igiii'e of (lie same, and,
c, a .sfiCtion of the t)a;al whorl, ntprescnl ing sojials and petals, showing tho condition of the antliers.
which were present in a somewhat ahnormal form in almost all ca.sos e.\ccpt in the condition reprusentod
in Plato Iv, c, and also in I'iate Jl, c, d, and e.

Vvi. 2. -A (lowering shoot in which two of the flowers are still more greatly transformod: a, Tn this case
the axLs of tho flower, after being prolon(.'ed and bearing a whorl of small, "gr(M'n, leafliko bodies, is con-
tinued, producing a.s<;ries of small li^aves, the lower more or less whorled, but tliose above lending toward
an allernaU) arrangement similar to that of a normal shoot; h. a form in which tho elong:it(Ml axis has
all tho stn.ill leafliko bodies more or less alternately arrangou. In all tho.so cases, abnormal stamens
were present in their normal itosition.
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^^;l^^

Transformations of Flowers of the Cranberry in Various Stages of Phyllody.

Fig. 1.—Modifications of the transformation of flowers: a, The flower with green, abnormally shaped
sepals and petals; the axis prolonged, bearing two whorls of small, green, leaflike bodies, the upper
whorl with eight abnormal stamens, the lower also with stamens; 6, an enlarged view of o; c, the upper
whorl of b, dissected, showing the abnormal floral organs. Within the outer whorl of four short, broad
bodies, were four much malformed organs, showing the condition intermediate between an aborted
petal and a stamen. Within this whorl were eight abnormal stamens and at the center a partially opened
bud, with two small, partially developed leaflike organs.

Fig. 2.—A shoot in which the flowers are still further transformed: a, All the parts of the flower except
the stamens are green and more or less leaflike; 6, an enlarged view of a, showing the condition of the
stamens; c, a stage in which the parts, instead of being arranged in whorls, are more or less alternate
or spiral; d, an enlarged view of c. There is no sign of stamens present in any of these groups of smaU,
green, leafl ike bodies in c, the stamens being apparently the last organ to disappear in the metamorphosis
of the flower.
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nitrogen from these soils, as it usually shows great luxuriance of

vegetative growth where the water supply is abundant. Mr. Malde

(7) corroborates this view and states that the development of the

disease appears also to be favored by extreme drought or lack of

water.
CONTROL.

It appears from experiments conducted by Mr. Malde at the Wis-

consin Cranberry Station and reported to the writer that malformed

plants when transplanted and kept under more favorable conditions

tend to return to the normal form. The writer has been told by a

grower on the Pacific coast that plants from Wisconsin showmg
phyllody have entirely recovered from the disease when grown on

that coast. The cases in Massachusetts previously mentioned indi-

cate, however, that under rather favorable conditions of cultivation

in the Eastern States the disease persists for a long time in affected

vines.

Owing to the obscure nature of this disease and the difficulties

involved in carrying out satisfactory experiments to determine

definitely its cause and nature, but little has yet been accomplished

in this direction. On the basis of the present theories of the cause of

the trouble, recommendations have been directed chiefly toward

correcting and making as nearly optimum as possible the soil and

nutritive conditions under which the plants are grown, as indicated

in the writer's papers presented at the Wisconsin State Cranberry

Growers' Association (9 and 11). This involves sanitary measures,

such as clean cultivation, thorough drainage, pruning, and fertiliza-

tion where needed. In cases where half or more of the plants in an

area are affected, it is best to mow off the vines, properly drain the

bog, and apply ground rock phosphate, which Mr. Malde believes

beneficial. In bad cases it will probably be best to scalp the bog

and replant with healthy vines (11).

Experiments have been undertaken in Massachusetts to determine

definitely whether the transmission of the disease to normal plants

when grown in contact with diseased plants is possible.

Plants from diseased bogs should be carefully avoided in making
new plantings. Even though under optimum conditions of growth

the plants may outgrow the trouldo in time, they will hot produce a

profitable crop as soon as healthy vines.

SUMMARY.

The disease known locally as false l>l<)ssom in Wisconsin is a true

case of phyllody.

The ilond organs show all degrees of transformation Iroiii noiniul

flowers to those in which the parts are all changed to green leaflike

})oHi(!S and the axis prolonged into a shoot.
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The disease appears to have originated in Wisconsin, but has

become estabUshed in Massachusetts, New Jersey, Oregon, and
Washington by transplanting diseased vines.

The cause is not known. No evidence has yet been obtained to

indicate that it is produced by insects or fungi.

It is suggested that the disease may be due to unbalanced nutri-

tive conditions.

The disease is perpetuated from year to year in plants reproduced

vegetatively from diseased plants, not only in bogs where the trouble

originated, but also under somewhat more favorable conditions of cul-

tivation in localities in which the disease was unknown previously.

Observations made by Mr. Malde in Wisconsin and by a grower in

Oregon seem to indicate that the offshoots from plants affected with

false blossom tend to recover and become normal when transplanted

and grown under optimum soil and moisture conditions.

To overcome the disease, optimum conditions for growth should be
provided, including good drainage, clean culture, and pruning.

Where diseased plants are numerous, the bog should be scalped

and replanted with healthy vines.

To prevent the further spread of the disease only vines known to

be absolutely free from it should be planted.
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INTRODUCTION.

Since the introduction of the Washington Navel orange from

Brazil 4.5 years ago, its culture in California has been continually

extended, until to-day the industry produces an annual income of

something like 30 millions of dollars. Yet, in spite of the impor-

tance of this fruit, little has been knoAvn in the United States of its

history in its native home, Brazil, or of the methods and practices

of Brazilian orange growers.

ORIGIN AND HISTORY OF THE NAVEL ORANGE OF BAHIA.

L'lilortiuiately, the oi-igin of tliis remarkable fruit is somewhat

obscure, and the only available accounts are those which have been

handed down f r(;rn father to son and are still preserved amoi>g a few

of the Brazilian orchardists. Tt is the general belief among the

latter that the navel orange came into existence at Bahia in the

early part of the nineteenth ccnfury. it is believed to have been

first pi'opngatcfl by a l*ortugu('S(! who lived at Calnilla, a suburb of

Bahia City. This section is at the present day the most impoi-tant

68081°—Bull. 44.'>— 17 1 1
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orange-growing district of Bahia (PL I), though most of its com-
mercial plantations do not date back more than 40 or 45 years. The
name of the originator does not appear to be known at the present

day, or the exact location of the property on which the variety origi-

nated. Only the most fragmentary accounts are given by the orange

growers, who should and probably do know more about the subject

than most others. The most complete and probably the most ac-

curate statement is that furnished by the Rev. W. A. Waddell, a

Presbyterian missionary, who has lived for years in the vicinity of

Bahia and has been much interested in this subject, as follows:

Twenty years ago an old man, a very intelligent cabinetmaker, told me that

in his youth, before the independence of Brazil, the laranja de umbigo (navel

orange) was found only in some groves in Cabulla. He, as a boy soldier, in

company with his comrades, " chupou muitas " (ate many) during the siege

of Bahia, being stationed in a grove that contained some trees. Most of his

comrades had never seen them before, but he had seen them sold by the slaves

of a Portuguese. He had heard that a " mandinga " woman charmed a seed

and made the first tree yield " umbigoed " fruit. This was information gathered

Avhen he was young, say, 1816 or 1818. I came to the conclusion that the

seedling tree originated in Cabulla in 1810-1820, or perhaps even earlier, and
was first propagated by a Portuguese grower, and that in 1822, the year of

Brazilian independence, there was quite a lot of trees. Of course, the produc-

tion of any odd-shaped fruit would be explained by fetichism among the lower

classes.

It will be noted that Dr. Waddell speaks of the " seedling tree
"

which originated in Cabulla. All the evidence, however, indicates

that the variety originated as a sport, or mutation, upon a Selecta

orange tree, laranja selecta, as it is known in Brazil. The Selecta is

almost identical with the navel orange in many characters and fre-

quently shows a marked tendency to produce navel fruits, even

though it is normally without any vestige of a navel. The Bahians

themselves recognize the similarity between these two varieties and

call the navel orange " Selecta de umbigo," or navel Selecta. This

name may, in fact, have been given to the first navel tree to indicate

its origin.

The Selecta orange, while rarely seen at Bahia, is still cultivated

commercially in the vicinity of Rio de Janeiro, especially at Sao

Gongalo, a suburb of Nicthero}^ In one of the groves of this section,

that of Joao Elias Esteres, the presence of occasional fruits with

well-defined navels was observed on trees which normally produced

typical Selecta fruits. The navels in these fruits were in same cases

as large and well developed as in the typical navel orange, although

they did not protrude through an opening in the apical end of the

fruit as commonly as in the latter variety.

The typical Selecta orange (PI. II) is slightly oblate in form and

contains 15 to 20 seeds. In bud-sport fruits with navels (PL III),
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the form tends to become more nearly that of the navel orange, i. e.,

spherical, and the number of seeds was reduced to an average of

nine in the specimens examined.

When all the evidence is considered, there is scarcely any room
left for doubt concerning the origin of the navel orange of Bahia

as a sport from the Selecta variety. Other accounts obtained at

Bahia substantiate the belief of Dr. Waddell that the variety orig-

inated in the CabuUa district during the first or second decades of

the nineteenth century.

The origin of the Selecta orange is even more obscure than that of

the Bahia navel. It has been known in Brazil since a remote date,

and in all probability was brought there by the Portuguese from the

Iberian Peninsula, though it might have come through one of the

Portuguese settlements in the Orient. An article which appeared in

" The Garden " and is quoted in the report of the United States

Department of Agriculture for 1877 mentions it as occurring in the

Azores, with the note that it is "large, of first-rate flavor, little

acidity, and of deep yellow color. It has scarcely any pips and does

not ripen until April, which gives it a higher value." In Kio cle

Janeiro it is preferred by many to the navel orange; in fact, it is

classed by some as the best orange in Brazil. Its fine quality at Eio

de Janeiro may be due in some measure, however, to the effect of

climate or soil.

The extension of the navel-orange industry in Bahia, which has

resulted in the present large groves of Cabulla, Matatu, and other

districts near the city of Bahia, has taken place since 1860 or 1870,

according to the statements of the oldest orchardists. This is about

the time of the introduction of the variety into the United States.

Previous to that time there were only a few small groves in the

Cabulla district. A census taken in 1913 by Dr. V. A. Argollo Ferrao

showed that there were in the territory immediately adjacent to the

city of Bahia about 67,000 trees, and about 6,000 more in small planta-

tions in the interior of the State, notably at Matto de Sao Joao, Santo

Antonio de Jesus, Amargosa, and Bom Fim, making a total of 73,000

trees. The principal orange districts within the municipality, as

shown upon the map (p. 8), are as follows: Cabulla, containing

al)ont 30,000 trees; SaV>oeiro, with 12,000 trees; Cruz do Cosme,

7,000 trees; Matatu, 8,r>fX) trees; Brotas, 6,000 trees; Sao Gon^:alo,

2,000 trees; and Victoria (including Barra, Gra^a, and Eio Ver-

melho), 1,500 trees. As there are usually about 100 trees to the

iicre, the total acreage in oranges within the State is approximately

730. About one-third of the total number of trees have been planted

h'ss fh;in three years; oru^tliird are from 3 to G years of age, and the

jejjiaining tliird, 6 to 40 years of age.
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At the present time nearly the entire crop is consumed locally.

While small shipments are made to Eio de Janeiro and the steamers

which call at Bahia usually take on oranges for use on board, an

established trade has not been developed. Yet new orchards are be-

ing planted every year and the growers seem to be awakening to the

possibility of developing a vastly larger and more profitable indus-

try, with the hope of building up an export trade which will include

not only Europe but eventually the United States as well. Because

of superior transportation facilities, the European markets are likely

to be entered first. In the past the high cost of transportation,

crude methods of packing and handling, and other factors have pro-

hibited exportation to distant countries. With fast steamers and

the introduction of modern methods of packing and shipping there

seems no reason why Bahia should not enter the export field.

The cultivation of this variety in Brazil is not limited to the State

of Bahia. It has been planted in other parts of the Eepublic, but

in nearly all cases less extensively than at Bahia itself. Commer-
cial orchards are said to exist in the States of Sao Paulo and Rio

Grande do Sul. In orchards around Rio de Janeiro the variety is

very rarely grown.

INTRODUCTION OF THE WASHINGTON NAVEL ORANGE OF BAHIA
INTO THE UNITED STATES.

The United States owes the successful introduction of the navel

orange to the late William Saunders, Horticulturist, Landscape Gar-

dener, and Superintendent of Gardens and Grounds of the United

States Department of Agriculture. It is not certain, however, that

the trees which were introduced by Mr. Saunders were the first which

had been brought to the United States, though they were the first to

come into successful bearing. The late Thomas Hogg, of New York,

in an account published in 1888, stated that about 1838 a wealthy

Scotch planter in Brazil determined to manumit his slaves and re-

move with them to the United States. He settled on an island in

middle or southern Florida and then returned to Brazil and secured

a collection of plants for introduction, which he consigned to Mr.

Hogg, who at that time conducted a nursery at the corner of Broad-

way and Twenty-third Street, New York. Among these plants were

several navel-orange trees. After the plants had been held in a

greenhouse for a year, in order to allow them to recover from the

effects of the long sea voyage which they had undergone, they were

forwarded to the owner in Florida. During the Seminole War the

owner was charged with giving aid and comfort to the enemy, and
the entire collection of plants was destroyed by the United States

troops. The owner then moved to Haiti.
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While it can not be positively stated that these trees were of the

same variety as that subsequently introduced by the United States

Department of Agriculture, it seems probable that this was the case.

Xone of the trees survived long enough to come into fruit, however,

and no trace of them now exists.

In a private notebook of Mr. Saunders, now in the possession of his

daughter. Miss Belle C. Saunders, is to be found the following entry

:

Decembek 20, 1898.

I propose to note from time to time some reminiscences of persons and things.

Also make mention of such items as I desire to establisli as worthy of record in

my practice, items that liave been more or less of value in horticultural and
kindred pursuits.

William Saunders.

This note indicates that Mr. Saunders wrote the following unpub-

lished account (appearing in that notebook) of the successful intro-

duction of the navel orange some time between December 20, 1898,

and the date of his death, September 11, 1900:

Some time in 1869 the then commissioner of agriculture, Horace Capron,

brought to my office and read to me a letter which he had just received from
a correspondent at Bahia, Brazil. Among other matters, special mention was
made of a fine seedless orange of large size and fine flavor. Thinking that it

might be of value in this country, I noted the address of the writer and sent

a letter asking to be the recipient of a few plants of this orange. This request

brought, in course of time, a small box of orange twigs, uttex-ly dry and useless.

I immediately sent a letter requesting that some one be employed to graft a

few trees on young stocks and that all expenses would be paid by the depart-

ment. Ultimately a box arrived containing 12 newly budded trees, and, being

packed as I had suggested, were found to be in fairly good condition. I believe

that two of them failed to grow. No expenses were charged, so I presume that

the correspondent sent them as a gift. All that I ever knew about the donor

was that slie was a lady, and that the correspondence, so far as she was con-

cerned, was not ofiicial.

I had a supply of young orange stocks on hand, and as fast as I could secure

buds tliey were inserted on these stocks. The first two young plants that were
scut o>it were sent to a Mrs. Til)betts, Riverside, Cul. That lady called here

and was anxious to get some of these plants for her place, and I sent two of them
by mail. They pro.spered with her, and -when they fruited attention was directed

to their size and fine appearance, and when ripe their excellence was acknowl-

(•tlge<], and the fruit was called Riverside Navel, thus ignoring the label at-

tafhed to the plants, which was Rahia, a very distinctive name, whicli should

have been refainod. Afterwards otlu-r Californians, not wishing Riverside to

be boomed witli tlie natne, dianged it to Washington Navel, all of which was
uiK-iillf'd for, but this department could not alter it, and it was considered best

to adojit liie name and so avoiil furtlier confusior).

We budded many hundre*] from time to time and sent tliem to Florida, where
it has never become very popular, owing to its not bearing plentifully. I have
seen trecH 15 fo't in height, fine trees, at Rockledge with not over a couple of

dozen fruits on tlu-ni. Why It fruits better in California than it does in

Florida is not known. In tlie orange house of tlie department It has never
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fruited heavily, but is most profuse in flowers. It was thouglit tliat tlie original

trees were not all of one kind and that those sent to Florida were different

varieties. This was a mistake, as all were fruited here and all were alike.

* * * Many thousands of acres have been planted and upward of 2,000

carloads of fruit have been transported to the East in one year. It has also

been received with favor in the English market, some sent to London having
brought good prices. It has proved to be, perhaps, the most valuable introduc-

tion ever made by the Department of Agriculture in the way of fruits.

Some years ago Eev. W. A. Waddell, already referred to in con-

nection with the origin of the navel orange, was in Eiverside, Cal.,

and saw the two original trees which were sent by Mr. Saunders to

Mrs. Tibbetts. Becoming interested in their history, he made in-

quiries of some of his associates when he returned to Bahia, and

was told by the Rev. F. I. C. Schneider, the first Presbyterian mis-

sionary to Bahia, that he was the one who had secured and packed

the trees which were sent to the United States in 1870. Mr. Schneider,

who died about three years ago, told of an earlier shipment that had

been sent to the United States, but word was sent back that the trees

had all perished during the voyage. Some one requested Mr.

Schneider to prepare a shipment as carefully as possible, and he

did so.

Several old friends of Mr. Schneider were interviewed in Bahia,

to see if any account of this shipment could be obtained. One of

them, Carlotta da Boa Morte, whose mother was a servant in the

Schneider household, clearly recalled the incident. She stated that

while she was yet a girl and was living with her mother at the

Schneider home Mr. Schneider one day took the family for a picnic

to Engenho Velho, a large farm in the suburbs of Bahia, owned by

Sr. Teixeira. They spent the day there, and before they returned to

town Sr. Teixeira brought in a number of navel-orange trees, and

also a few of the lima doce, or sweet lime, which he packed in boxes

and sent to Mr. Schneider's house in the city. Here, after long dis-

cussion of the best method of packing them to withstand the trying

voyage which was before them, they were placed in a wooden crate

and dispatched to the United States.

The fazenda (farm) of Engenho Velho, where the trees were ob-

tained, has been divided in recent years, but a portion of it still

remains in the possession of Sr. Teixeira's son. A number of old

orange trees, uncared for and in bad condition, are still growing on

the property. Some of these may have been the parents of the young
plants which were sent to North America. The younger Teixeira

states that the orchard was planted originally with budded trees from

the grove of Sr. Barro Reis, in Cabulla, but he knows nothing about

the young trees supplied to Mr. Schneider.
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CULTURE OF THE NAVEL ORANGE IN BAHIA.

CLIMATE.

The climate of Bahia is warm and humid, with more or less well-

defined wet and dry seasons, the wet season beginning in February or

March and lasting until June or July, when the dry season normally

commences and continues until the following January. The rainfall

is not, however, limited to the wet season, although it is much heavier

at that time than during the remainder of the year. The size of the

orange crop and the quality of the fruit are said by the orchardists

to be affected materially by the amount of rainfall, the largest crops

and the best fruit being produced when the rains are unusually heavy.

The annual precipitation for the last nine years has varied from
40 to 73,35 inches, both these extremes being unusual; ordinarily

there is a rainfall of 55 to 65 inches. The temperature of this

region is more or less uniform throughout the year and compara-

tively constant during the entire 24 hours. Frost is unheard of, the

lowest recorded temperature during the last nine years being 63° F.

The highest temperature for the same period is 101° and the mean
temperature 76.4° F. From January to June the mean temperature

usually ranges from 75° to 80° F. ; from June to September there

is a slight drop, the average being 72° to 75° F. October, November,

and December are slightly warmer, varying from 77° to 80° F.

These figures are based upon data obtained at the State meteorologi-

cal station, near the city of Bahia (Table I).

Table I.

—

Temperature and precipitation at Bahia, Brazil, 1904 to 1912,
inclusive.

Temperature (° F.).

Total
precipi-
tation.

Year.

Temperature (" F.).

Total
Year.

Maxi-
mum.

Mini-
mum. Mean. Maxi-

mum.
Mini-
mum. Mean.

precipi-
tation.

1904 101

91
95
92
92

64
64
63
63
64

76
76
76
76
78

Inches.
59.1
67.5
62.25
40.0
50.5

1909
1910

93
92
92
95

06
60
67
67

76
76
77
77

Inches.
59.4

1905 63.5
1906 1911 .73.35

1907. . . 1912 ... . 71.9
1908

SITUATION OF THE ORANGE ORCHARDS AND THE SOIL CONDITIONS.

The land in the immediate vicinity of Bahia is, for the most part,

a series of low, rambling hills, not over 100 or 200 feet in height, with

intorxoning level vallcy.s wheic^ the soil is frequently wet and best

suited to tiie cultivation of such plants as Angola grass {Panlcmii

barhinode Trin.), an important forage crop both for horses and for
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cattle. Practically all of the orange groves are located on the hill-

tops (fig. 1 and PL IV), frequently extending down the hillsides to

the borders of the valleys. As terracing is not practiced, the hillside

soil is sometimes bady eroded.

The surface soil on the hilltops is usually a rather coarse, sandy

loam a foot or more in depth, underlain by the heavy, yellowish red

clay which is characteristic of the region. On the hillsides, which are

subject to erosion by the rains, the surface loam is lacking. The claj''

Fig. 1.—Sketch map of the vicinity of Bahia, Brazil, the dotted areas showing the prin-

cipal districts where navel oranges are grown.

soil, though occasionally shallow, frequently extends to a depth of

30 feet or more, as shown by numerous railway and road cuts in the

region. It commonly rests on granite.

Before clearing, the land is covered with shrubby vegetation,

nicuri palms {Cocos coronata Mart.), mangabeiras {Flancornia

speciosa Gomez), and sometimes virgin forest. The presence of the

mangabeira is taken as an indication that the land is suitable for

orange cultvire. The municipality of Bahia includes about 50,000

acres of arable land, of which it is claimed about 35,000 acres are

typical citrus soil.
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A Typical Fruit of the Selecta Orange and a Longitudinal Section of the Same.

While normally of the shape shown and devoid of any vestige of a navel, the variety occasionally
produces fruits with internal or even externally prominent navels, resembling in every way those
of the Bahia or true navel orange. This and other evidence indicates that the Bahia navel
originated as a sport or mutation from the Selecta orange, a variety which has been cultivated
in Brazil since a remote date and is grown commercially near Kio de Janeiro. Photographed at
Kio de Janeiro, Brazil, March 20 and 23, 1914. (Natural size.)
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PROPAGATION AND STOCKS USED FOR THE NAVEL ORANGE.

Shield budding, essentially the same as practiced in the United

States but differing in a few minor details, is the method used for

propagating the navel orange in Bahia. Seedlings of laranja da

terra {Citrus auraiitiunn L.) , the bitter or sour orange, are practically

always employed as stock plants. The chief reason for the almost

exclusive use of this stock seems to lie in the fact that it is more

easily budded than others. Laranja da china {Citrus sinensis (L.)

Osb.), which is sometimes used, is objected to in Brazil because of its

thorniness, and also because it does not heal well around the bud and
is apt to die back when it is cut off after the bud has started into

growth. Very little is known of the comparative effect of these two
stocks on the scion, but some of the orchardists in Rio de Janeiro,

where both these stocks are used, hold that laranja da china produces

a longer lived tree than laranja da terra.

Seeds of laranja da terra are sown in beds or rows, preferably on
high, well-drained, sandy land. When the seedlings have attained a

height of about 6 inches they are either transplanted to nursery

rows about 3 feet apart, setting the plants about 12 inches apart in

the row, or they are transferred to the place the budded trees are to

occupy permanently in the new orchard and later budded in situ.

The orchardists give as a reason for this latter practice that it pro-

duces hardier trees and that the trees come into bearing sooner than

those transplanted from the nursery after budding.

When the seedlings are 1 to 2 years old they are budded, no care

being used in the selection of bud sticks, as a rule, other than to cut

thrifty water sprouts from large and vigorous trees. Budding is

usually done in the dry season; buds cut in the shape of a shield

three-fourths of an inch to an inch and a half in length are inserted

in the stocks 15 to 20 inches above the ground. The bud sticks are

sometimes an inch or more in diameter, the small bud wood gener-

ally used in the United States not being considered desirable by

Bahia propagators.

Budding is always done when there is an abundance of sap in

both stock and scion and the bark slips readily. If either is found

to be dry and the bark does not slip readily, the operation is post-

poned until a more favorable time.

The incision in the stock is made in the form of an inverted T.

The bud, aftci- insertion, is ti('(l firmly in place with a portion of a

leaflet of tlio niciiri palm {('ocas coronata Mart.)? made soft and

pliable by s<''aliling. This palm is common in all the orange-growing

(listi'ifts <){ Ijiiliia. Fifteen diiys aftei- insertion the wrap is i-enioved,

arxl at thec-nd of anollicr 15 days, if the biid has started into gi'owth,

the stock is ent oH' about 2 indues above it.

r,W)sr— I'.iil). MO—17 2
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At the end of six months to a year, if grown in the nursery, the

young trees are ready for transplanting. The tender growth is re-

moved and the plant dug with a ball of soil around the roots. If

they are to be kept any length of time before planting in permanent
locations or are to be offered for sale in the markets, as is often the

case, the trees are placed in small baskets, about 6 to 8 inches in

diameter and 8 to 12 inches in depth, made from splints from the

woody leafstalks of the dende palm {Elaeis guineensis Jacq.). These

baskets take the place of the clay flower pot and are widely used.

PLANTING AND CULTURAL PRACTICES.

The cost of uncleared lands suitable for orange culture near the

city varies from $10 to $100 per acre, and farther away, from $3 to

$15 per acre. The expense of clearing is frequently more than met
by converting the natural growth of timber into charcoal, which can

always be sold at a remunerative figure. Immediately after clearing,

the orange trees may be set and mandioca (Manihot esculenta Crantz)

planted between the rows, or the ground may be cultivated to man-
dioca for a year before the oranges are set out. Mandioca matures

in one year. The cost of planting, cultivating, and harvesting the

crop is about $20 per acre and its value from $30 to $40 per acre,

leaving a sufficient profit as a rule to cover the cost of planting and

caring for the orange trees during the first few years of growth, after

which the cultivation of mandioca in the orchard is discontinued.

It is customary to plant from 80 to 100 trees to the acre, though

on rich soils this may be increased to 120. The market price of

budded trees varies from 65 cents to $1 each, according to size. In
planting, the crown of the roots is barely covered with soil. In dry

seasons it is sometimes necessary to water the young trees by hand
for a few weeks, but beyond this little or no irrigation is practiced.

In most groves the only cultivation consists in clearing the land of

weeds two or three times a year with a heavy hoe. Labor for this

purpose costs 30 to 60 cents a day. Sometimes the work is let out on
contract at the rate of $3.30 per acre for each cleaning. Hoeing is

usually done during the dry season, when conditions are most favor-

able for killing the weeds.

The most healthy, vigorous, and productive orchard observed in

Bahia was planted to Angola grass {Panicum harbinode Trin. ; PI.

IV) , which prevents soil erosion and is at the same time an important

source of income as a green forage. Manure is frequently applied

to stimulate the growth of the grass, the oranges, no doubt, sharing

in the benefits of this practice. In most of the small groves little or

no manure is applied directly to the trees ; in some of the larger ones,

however, the practice of applying manure or other fertilizers has

become common in recent years. Several groves in which the trees
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•were formerly starved, unhealthy, and unproductive are said to have

been brought back to a state of health and fruitfulness by the use of

manure.

Dairying in connection with orange culture is an interesting fea-

ture of the Bahia orange, industry. The milk is sold in the city at a

very profitable price, usually 25 cents a quart at retail and 15 cents

at wholesale. The manure is used on the orchards and in every case

is said to have had a marked effect in increasing the production and
health of the trees.

As a rule, little pruning is practiced. When the trees become old

and seriously weakened by the ravages of gum disease they are often

renewed by allowing the suckers which start up from the trunk

aboA-e the union of the stock and scion to form a new top; in fact,

it might be called a new tree. The old trunks are either allowed to

rot off or are cut away. Having a large and established root sys-

tem, the suckers make rapid growth and often begin to bear fruit

within two or three years.

The orchards usually come into bearing within two or three years

after planting. The oldest known trees in Bahia were planted over

40 years ago and are still producing good crops of fruit.

ENEMIES OF THE ORANGE TREE IN BRAZIL.

In the older orchards many of the trees are affected by gum dis-

ease, which seriously impairs their health and eventually kills them
or results in their having to be renewed by the production of suckers

from below the affected region on the trunk.

Chlorosis, or mottle-leaf, exists in many of the orchards, but the

growers take no cognizance of its existence as a disease. They con-

.sider it a constitutional weakness of the tree due to a lack of proper

nourishment.

A parasitic vinelike shrub known as herva de passarinho, a species

of Phoradendron, is frequently found on the trees and has to be re-

moved. If allowed to remain, it will in time smother the tree. Sev-

eral epiphytic plants of the order Bromeliacea3 are also occasionally

found on orange trees, but do not, it is believed, cause any appre-

ciable injury and are easily removed. The trunks of the trees, espe-

cially in the older orchards, are covered with lichens, alga?, and other

low foinis of plant life, none of which apparently does any very seri-

ous harm.

Scale insects of several species are prevalent, but seem to be held

in check by some natural agency and do not as a general thing

appear to produce serious results. Practically the only insect which
is an actual menace to the industry and against which combative

measures are taken is the saiiva or sauba ant {Atta sp.).
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These ants are black and about half an inch in length. The head
in proportion to the body is large. The species is probably closely

related to the leaf-cutting ant of Texas and Cuba {Atta sp.). While
they cut the leaves of practically any plant, they appear to be par-

ticularly fond of orange leaves, and it is not infrequent in Brazil to

see a good-sized orange tree nearly defoliated in a single night. The
leaf-cutting ants are practically agricultural ants. The fragments of

the leaves cut from the trees are carried into a chamber in their nests.

Here they decay and form the basis for their so-called " mushroom
garden." The' fungi that are cultivated upon these small bits of de-

caying leaves supply the food of the entire colony. It is reported,

and doubtless is true, that these gardening ants exercise every pre-

caution to prevent their mushroom beds from becoming contaminated

by other species of fungi. The Brazilian farmer combats this pest

by forcing hot fumes of sulphur into the runways.

In view of the fact that no serious effort is made to combat insect

or fungous enemies other than the saiiva ant, the comparatively

small amount of injury which such enemies appear to do is remark-

able.

THE ORANGE CROP OF BAHIA.

While ripe oranges are obtainable in Bahia every month in the year,

there are two principal seasons, one in June and July and the other

in December and January. The June crop is considerably the larger,

and the fruits are considered by Bahians much sweeter and juicier

than those which ripen in December.

It is difficult to estimate the average yield per tree. The number
counted on numerous trees examined at the beginning of the Decem-

ber season varied from a few dozen to nearly 500, with an average

of about 250. In groves which had been manured and were gener-

ally well cared for, the trees usually carried from 300 to 400 fruits,

and this, it must be remembered, does not include the fruit produced

in the June crop. Where the trees received good care the yield will

probably compare ver}^ favorably with that in California. (PI. V.)

While pruning shears are occasionally used in picking, the fruit

is usually pulled from the tree and either allowed to fall to the ground

or dropped into a sack. Sometimes the peddlers who come from the

city to buy the fruit lead their horses or mules into the grove and

toss the fruits from the tree into the large baskets, called " cassuas,"

strapped on each side of the animals' backs. Frequently the fruits

are graded into two sizes before being carried into the city for sale.

Careless picking and handling naturally result in many injuries,

such as gravel bruises, abrasions, and punctures of the skin. These

must, of necessity, encourage the growth of blue mold and other

fungi, but the effect is not so serious as it would be if there were a
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large export trade and the fruit were held in storage for some time.

At present it is picked from day to day to supply the market de-

mands, and very few days elapse before it is consumed.

Oranges are either sold on the tree to peddlers who pick them,

carry them to town, and hawk them about the streets, or picked by

the orchardist and delivered to the buyer at the grove. Practically

all of the crop is carried from the groves to the city, usually a distance

of 2 to 4 miles, in baskets, either by horses and mules or on the heads

of the natives. The grower usually receives $1.50 to $2 per hundred

oranges, and the buyer retails them at about $3.30 a hundred. The
local demand is said to be increasing rapidly, and orange culture is

proving to be one of the most remunerative agricultural industries.

At the present time the best groves are said to be returning net

annual profits of $75 to $150 per acre.

An experimental shipment, consisting of a box of 96 fruits, care-

fully picked and handled so as to avoid bruising, was made from
Bahia to Washington, D. C, on January 4, 1914. When examined

in Washington on January 27, with the exception of one partly de-

cayed fruit the shipment was in perfect condition. With careful

handling and proper facilities for shipping there is little doubt that

the Bahia orange can be successfully carried to the leading orange

markets of the world. The light greenish yellow color will perhaps

make it a slow seller at first, until buyers have learned that it is

characteristic of this variety as grown in Bahia.

THE FRUIT OF THE NAVEL ORANGE AT BAHIA.

The navel orange of Bahia has long been known to travelers on the

eastern coast of South America, many recent travelers having as-

serted that it is a fruit vastly superior to the California navel

orange. Some declared that its superiority is due to the climate;

others affirmed that better types are grown in Bahia than in Cali-

fornia, or that since its introduction into North America the navel

orange has degenerated.

True it is that there are marked differences in the size, the color,

and the quality of the navel oranges produced in these two widely

distant regions, though of the same horticultural variety. As to the

superiority of one over the other this is a question which can only

be decided by individual taste. The navel orange of Bahia (PI. VI)

is large, varying from 3^ to over 4 inches in diameter; yellow green

in color, unless very ripe; extremely juicy and sweet, lacking that

sprightly subacid flavor which characterizes the California product.

The skin is comparatively thin, and, although the flesh is filled with

juice, it is not quite so tender as in the California fruit. Those

who prefer a sweet fiMiit would pioljaldy choose the Bahia orange
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as the better; others who relish a slight degree of acidity would

give the California product first place.

Analyses made by H. C. Gore, Chemist in Charge of the Fruit

and Vegetable Utilization Laboratory, Bureau of Chemistry, United

States Department of Agriculture, show the principal differences in

chemical composition of 42 navel oranges from Bahia, Brazil, and

13 from Eiverside, Cal. Those from Brazil were picked on January

2, 1914, at which time they should have been fully ripe, since they

were fruits of the December crop. Those from Riverside, Cal., were

picked about the end of March, 1910, and were also fully ripe. The
comparison should therefore be a fair one. (Table II).

Table II.- -Comparative analyses of navel oranges grown at Riverside, Cal., and
at Bahia, Brazil.

Aver-
age

Percentage
of— Analysis of juice.

Source offruit. Alka-
As invert.

weight.

Peel.
Rag
in

pulp.

Specific
gravity.

Acid
(as

citric).

Solids. Ash.
linity of
soluble
ash

(K2CO3).

Re-
duc-
ing.

Sugar.

Su-
crose.

Bahia, Brazil: Grams.
Average of 42 fruits. 366 20.4 1.5 1.0376 0.46C 9.4 0.353 0.24 3.43 7.48 3.85

California:
Hermosa ranch

—

-

Average of 5 fruits
from sandy soil. 199 29.1 1.69 1.0633 1.09 15.47 .51 .23 6.44 12.40 5.66

Average of 4 fruits

from adobe soil

.

193 31.2 2.04 1.0638 1.09 15.57 .49 .22 6.08 12.72 6.31

Eureka ranch-

Average of 4 fruits

.

/235
\ 210.5

34.0 1.89 1.0572 1.08 14.06 .55 .18 5.60 10.93 5.07
31.2 1.97 1.0585 1.01 14.36 .49 .18 5.41 11.29 5.58

It will be seen from Table II that the percentage of peel or rind is

considerably lower in Bahian fruits than in those grown in Cali-

fornia. The percentage of " rag," by which term is designated the

fibrous matter which remained after all soluble substances were

washed out of the pulp, is slightly lower in Bahia than in California.

The most noteworthy features of the chemical analysis of the juice

are the low percentage of citric acid and the low percentage of sugar

in the Bahian product as compared with that of California.

Table II brings out the difference between humid-climate fruits

grown in an equable temperature and those of an arid climate with

decided drops in temperature. The dry climate and continuous sun-

shine of California give the sugar, while the decided drop in winter

temperature tends to develop the organic acids and also color.

Decided variation, thought to be bud variation, was observed in

every orchard, not only in the fruits but in the vegetative characters

of the tree as well. All of the various types originating through bud
variation which have been observed and defined in the California
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orchards, and in addition several new ones, were found to be present

in Bahia. The type known in California as the "Australian Navel

"

orange, characterized by a somewhat corrugated appearance and
flattened shape, was observed in several groves. In some cases the

production of these fruits was limited to certain limbs on a tree or

even to certain fruit spurs ; in other cases there were entire trees of

this type. "Australian Navel " oranges are inferior in quality, and
the great vegetative vigor of the tree is correlated with a poor yield

of fruit. Another type was found in which the fruits have a small

and almost rudimentary navel. Opposed to this were forms with

the navels extremely large and in several instances protruding.

These and other types were studied with the object of determining,

if possible, whether there existed in Bahia any navel oranges superior

to those already known in California and therefore worthy of intro-

duction into the United States. Bud wood of a number of the most

promising of these forms was secured and they are being tested in

California and Florida. Because of the important effect of climate

on the size and character of the fruit, it is impossible to determine in

advance whether types which appear valuable in Bahia will retain

their characteristics in the United States. This can only be decided

by a trial.

CITRUS FRUITS OF BAHIA OTHER THAN THE NAVEL ORANGE.

In addition to the navel orange there are several other citrus fruits

which are cultivated to a limited extent in Bahia. One of the most

important of these is the tangerine, grown commercially in a small

way, the trees usually being scattered among the orange trees in

the orchards. (PI. I.) The bitter or sour orange {Citrus aurantium

L.), which already has been mentioned in connection with propaga-

tion, is usually represented by one or two trees in each grove, which

provide seed for nursery purposes. Sweet and sour lemons and the

common lime are occasionally seen, the lime usually being present

in the markets in small quantities.

Good grapefruits are unknown in Bahia. A few fruits seen in a

garden near the city, which appeared to be inferior forms of the

shaddock {Citrus grandis (L.) Osbeck),were seedy and thick skinned,

and no use was made of them. The so-called " lime orange," laranja

lima {Citrus sp.), which appeai-s to be more common in Rio de

Janeiro, was seen in an orchard at Agua Comprida, about 20 miles

from Bahia. It is the size of an ordinary orange, very juicy, and
combines the taste of the orange and the lime. The citron {C. medica
L.) and one or two other citrus fruits are occasionally grown, more
as curiosities than anything else.
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CITRUS FRUITS OF THE REGION AROUND RIO DE JANEIRO.

There are a number of districts in the vicinity of Rio de Janeiro

where citrus fruits, especially oranges, are grown commercially to

supply the markets of the city. The most important are Maxam-
bomba, Nictheroy, and the Banca Velha and Porta d'Agua districts

near Cascadura.

Maxambomba, 20 miles from the city on the Central Railway, is

the largest and by far the most prosperous of these districts. It is

difficult to estimate the approximate acreage in oranges, but there

are half a dozen groves varying from 5 to 10 acres in extent in the

immediate vicinity of the village and others scattered upon the

near-by hills (PI. VII). Most of the groves are better cared for

than those seen in the other districts noted above and present a much
healthier and more vigorous appearance.

At Nictheroy most of the orange groves are located in the suburb

known as Sao Gongalo, about 4 miles from the center of the city, but

easily accessible by means of the electric cars. Here there are

numerous small plantations of 1 or 2 acres in extent and a few

larger ones. As in the other districts, practically all the groves are

located on the hillsides or on sloping ground.

Banca Velha and Porta d'Agua, in a beautiful valley about 12

miles west of Rio de Janeiro, contain numerous small groves and a

few several acres in extent. As at Nictheroy, not as much attention

is given to the culture of the orchards as at Maxambomba, and the

groves do not, as a rule, have a thrifty appearance.

In all these districts the soil appears to be fertile and well suited

to orange culture. In the valleys the sandy loam on the surface is

sometimes underlain with a subsoil of reddish clay, while on the hill-

sides the loam is frequently badly washed by the rains. At Maxam-
bomba the reddish clay is visible, the hillsides being of light clay

loam.

The methods used in propagating and cultivating the trees and in

picking and handling the fruit differ in no important respects from
those practiced at Bahia. Laranja da terra {Citrus aurantiuon)^ the

bitter or sour orange, is generally used as a stock on which to bud
and by most growers is considered the best. The orchards are rarely

cultivated, but the svirface is cleaned of weeds from time to time with

a hoe. The trees, which are often stunted in appearance, are planted

closer together than at Bahia, 12 by 12 feet being a common distance.

Of the numerous varieties of the orange known at Rio de Janeiro,

only three are cultivated extensively, Selecta, Pera, and Natal, the

latter being very similar to Pera if not actually synonymous with it.

Many horticulturists at Rio de Janeiro consider Selecta the best
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orange in Brazil. Though not seedless, like the navel orange, its

flavor is considered better and the flesh more delicate in texture.

The slightly oblate form of this fruit has given rise to the name
laranja deprimida, or "flattened orange," which is sometimes ap-

plied to it. In size it is large, though somewhat smaller than the

average navel orange of Bahia, measuring 3^ to 4 inches in diameter.

The skin is thick, yellowish green in color early in the season, later

becoming bright golden yellow. The flesh is tender and very juicy,

with tender rag but a rather large, open core. The seeds are rather

large, commonly 10 to 20 in number.

In flavor Selecta is strikingly suggestive of the California navel

orange: there is more acidity than is normally found in the navel

orange produced at Bahia and consequently a more sprightly flavor.

The tree is not as prolific as the other commercial varieties grown
at Eio de Janeiro. The fruit commences to ripen early in March and

continues until October, the main season being June and July. The
relationship between Selecta and the navel orange has already been

discussed.

Pera is considered second only to Selecta. It is a smaller and
sweeter fruit, coming at the opposite season of the year and thus not

competijig with Selecta in the market. A good specimen is 3 inches

in diameter, slightly elongated in form, but not pyriform as the name
laranja da pera, "pear orange," seems to indicate. The skin is

smooth and fine in texture, deep golden orange in color, not more
than an eighth of an inch in thickness. It adheres closely to the light

yellow flesh. The rag, though not thick, is objectionably tough. The
juice is abundant and of very sweet flavor, perhaps a trifle lacking in

acidity.

In the groA'es of Maxambomba (PL VII) this variety is grown
practically to the exclusion of all others. At Nictheroy Selecta is the

most i:)rominent, though Natal, "the Christmas orange," which in

reality appears to be Pera under another name, is cultivated to a

certain extent.

Most of the other citrus fruits found at Bahia are grown also at

Rio de Janeiro, the tangerine being especially popular in the

Nictheroy district.

MISCELLANEOUS FRUITS GROWN AT BAHIA.

With its rich soil, mikl climate, and abundant rainfall Bahia is

preeminently suited to fruit culture. That the Brazilians have not

been neglectful of this fact is evidenced by the large number of

species cultivatec], some of tliem indigenous to the region and others

introduced from the Orient by the Portuguese in the early days of

5S081'—Bull. 44.'>—17 3
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colonization. Fruit forms an important item in the diet of tlie

people, and the abundance and variety offered in the markets are a

constant surprise to visitors.

With the exception of the orange and the pineapple, of which
there are extensive commercial plantations, nearly all fruit trees are

grown near the houses and in the gardens of the natives, either as

single specimens or in small numbers, frequently crowded together

without regard to order. Under such conditions the trees receive

very little attention; yet their growth is usually vigorous and their

appearance indicative of health.

The Indian tamarind {Tamarindus indica L.) is common, the

fruit being used principally for making a cooling drink. The
carambola {Averrhoa carambola L,), another Indian fruit, is also

cultivated, but it is not very common. Phyllanthus acida (L.)

iSkeels, known as groselha ("gooseberry"), is seen in many gardens.

The avocado, locally called abacate {Persea ameHcana Mill.), is one

of the most popular of fruits during its season and is cultivated on

a commercial scale, one grove alone containing nearly 800 trees.

Budding or grafting is not practiced. Among the seedlings none

was seen Avhich appeared to be superior to those grown in Florida and

the West Indies. The caja and the caja manga {Spondias^lutea L.

und 8. cytTierea Sonnerat) are seen occasionally at Bahia ; both are

used for making sherbets as well as eaten in the fresh state. The
sapodilla, locally known as sapoti (Achras zapota L.), grows to large

size and its fruit is highly esteemed. Two varieties are distinguished

hj the natives, one oval or elliptical and the other round. One or

more species of Passiflora, known as maracujas, are occasionally seen,

as is the jambo, or rose-apple (OaryophylliLS jambos (L.) Stokes).

The papaya {Carica papaya L.), known in Portuguese as mamao,

is esteemed as a breakfast fruit. Two forms are distinguished, a

small, usually round or oblate type, known simply as mamao, and a

large, elongated form known as mamao da India. The latter is con-

;sidered much the better in quality and always brings a good price

in the market. When the fruits are picked it is customary to make

four or five shallow incisions through the skin from base to apex

and then allow 24 hours or more for the milky juice to exude before

the fruit is eaten. This tropical custom is said to improve the flavor

of the flesh. Propagation is usually by seed, though in rare in-

stances the mamao da India is said to be grown from cuttings in

order to insure its coming true to type.

The common guava of the Tropics (Psidium guajava L.), used

principally for jelly making, is present in many of the gardens. The

manufacture of jelly is carried on commercially, but not on so large

a scale as in the State of Pernambuco, farther north. Several in-
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digenous species of Psidium, known iis Araca do Rio, Araga cagao,

etc., are also g-roTrn to a limited extent.

The pineapples of Bahia (called abacaxi in Portuguese) are justly

renowned; one author describes them as "mellow and overrunning

with juice of incomparable flavor." By the Brazilians they are con-

sidered inferior oidy to those of Pernambuco. During the height

of the season they are brought in boatloads across the bay from the

mainland and heaped up in large piles at the waterside or in the

markets.

The jak of the Malayans {Artocarpus Integra (Thunb.) L. f.) , here

loiown as jaca (jack fruit), which, like the mango, was introduced by
the Portuguese in the early days, is not only eaten and appreciated by
the lower classes but when abundant is utilized as stock food. Cat-

tle appear to be especially fond of it. The dried pulp, candied,

wrapped in tinfoil, and packed in boxes holding about a pound, has

recently been put on the market. The fruta de pao, or breadfruit

{Artoca7'pus communis L.), is not as common as the jaca, or jack

fruit, but is grown in many gardens.

Of annonaceous fruits there are several, of which the most im-

portant is the fruta de conde (AnnonU' squamosa L.), so named, it

is said, because of its having been introduced about the end of the

seventeenth century by the Conde (Count) de Miranda. The fruits

grown here are of large size and excellent quality. A rare species,

Annona salzmanni A. DC, usually known under the name of arati-

cum, was seen in several gardens near Cabulla and E.etiro. The
fruits are about the size of those of the custard-apple {A. reticulata

L.), with white, rather insipid flesh (PI. VIII). They are occa-

sionally sold in the market.

A number of other important fruits are grown or occur wild in

the region about Bahia. These are described somewhat in detail,

since they deserve to be called more particularly to the attention of

American horticulturists.

THE GRUMIXAMA.

Among the cultivated myrtaceous fruits the grumixama or grumi-

chama {Eugenia domJjeyi (Spreng.) Skeels; Eugenia hrasiliensis

Lam.) is one of the most interesting. It is sometimes called the

"cherry of Brazil," a term which not inaptly describes its appearance

and taste. The tree, 20 to 25 feet in height, is shapely and attractive

in appearance, with ovate-elliptical, glossy, dcep-grcen leaves 2 to 3

inches in length. The small white flowcrs-'arG followed by pendent

fruits, round or slightly flattened, about three-fourths of an inch

in diameter, glossy, decj) c;rinison in color, crowned at the apex by the

[jcrsistent green sepals. 'J'bc thin, delicate skin incloses a soft, n)elt-

ing pulp of mild and agreeable flavor, strikingly suggestive of a
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Bigarreau cherry. The seeds are rounded or hemispherical when
only one or two are present; sometimes there are three or more, in

which case the size is reduced and they become angular.

The rapidity with which the fruits develop is surprising; within

a month from the time of flowering they have reached maturity and
are falling to the ground. Tavares ^ states that the trees, even of the

same variety, do not all ripen their fruit at the same time, some
blooming much later than others and thus extending the season

from November to February. Three varieties are distinguished, the

difference being in the color of the pulp; in one it is dark red, in

another vermilion, and in the third white. All three are said to be of

equally good quality.

The grumixama is much more common in southern Brazil, par-

ticularly in the States of Parana and Santa Catharina, than it is at

Bahia. Little attention is paid to its culture, but it is said to prefer

a deep and fertile soil. Its propagation is entirely by seed, the trees

coming into bearing at 4 or 5 years of age.

The fruit is usually eaten while fresh, but is well adapted to the

preparation of various sorts of jams and preserves, in the manufac-

ture of which the Brazilians are unusually adept.

THE PITOMBA.

Another myrtaceous fruit occasional!}^ seen in the gardens of Bahia

is the pitomba {Eugenia luschnathiana Berg) , stated to be indig-

enous to this region. It is not common in cultivation.

Like the nearly related grumixama, the tree is particularly hand-

some and v\^orthy of planting for ornamental purposes alone. It at-

tains a height of 20 to 30 feet, with compact, dense foliage, the indi-

vidual leaves being lanceolate, about 3 inches in.length, glossy and

deep green above, lighter green on the under surface.

The fruits (PL IX), which are borne upon a slender stem about 1

inch in length, are broadly obovate in form, an inch in length, with

the apex crowned by four or five green sepals half an inch long. The
color is bright orange-yellow. Inclosed by the thin, tender skin is the

soft, melting, bright orange-colored flesh, very juicy, aromatic, and

of an acid flavor. The seeds, normally one in number, but som_e-

times two, three, or even four, are rounded or angular and attached

to one side of the seed cavity.

The season in Bahia is November and December. The tree as a

rule is not so productive as the grumixama or some other myrtaceous

fruits, but nevertheless bears a fair crop of fruit.

Propagation is readily effected by means of seed, which appears

to be the only method used. Volunteer seedlings spring up abundantly

1 Tavares, J. S. As fruteiras do Brazil. In Broteria, Ser. Vulgar. Sci., v. 10, fasc. 6,

p. 420. 1912.
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under the trees when fruits remain on the ground. Like nearly all

the other myrtaceous fruits observed in Brazil the pitomba seems

capable of rapid improvement in the hands of the plant breeder.

THE GENIPAPO.

The genipap of the British West Indies {Genipa americaTia L.),

known in Brazil under the name of genipapo, is a close relative of

the Gardenia. It is common in Bahia, huge baskets of the fruit being

offered in the markets during the months of February and March.

While its flavor is rather peculiar and not certain to please a Euro-

pean at first trial, the fruit appears to be quite highly esteemed by
the Brazilians and is used by them in various ways.

The tree attains a height of fully 60 feet. It is symmetrical and
stately in appearance, but devoid of foliage for a part of the year, as

the species is semideciduous. In November it is covered with small

yellow flowers. The leaves are a foot or more in length, oblong-ovate,

dark green in color, sometimes entire, sometimes more or less dentate.

The fruit is the size of an orange, broadly oval to nearly round in

form, russet brown in color. After being picked from the tree it is

not ready to be eaten until it has softened and is bordering on decay.

Immediately under the thin, delicate skin lies a layer of granular

flesh a cjuarter of an inch or more in thiclaiess; within this are the

numerous seeds surrounded by j^ellowish brown pulp. The seeds are

compressed, about a quarter of an inch in diameter, and so abun-

dant that it is difficult to eat the pulp without swallowing them. The
flavor is characteristic and quite pronounced ; it may be likened, per-

haps, to that of dried apples, but is stronger, and the aroma is con-

siderably more penetrating.

A liquor which is made from the genipapo retains the distinctive

flavor and aroma of the fruit to a marked degree. Its manufacture is

carried on commercially in a small way.

A refreshing drink is prepared from the ripe fruit, with the addi-

tion of sugar and water. The green fruit yields a dye, which, accord-

ing to Barbosa Rodrigues, is employed by the Mundurucii Indians

for tattooing, and also for coloring clothes, straw, and hammocks.

THE GRAVATA.

An oblong straw-colored fruit, known to the natives as gravata, is

fKcasionally seen in the markets of Bahia. It is a species of Bro-

melia. It is not cultivated, but occurs wild in this region and is

gath'*red an<1 bi-Duglit to market l)y tlie natives. Its close relation-

.ship to the pineapple makes it of peculiar interest. Unlike the pine-

apple, in which the individual fruits are fused together and form a

single wliol(!. the fruits of the gcavata reiniiin separate. They vary

in length from .'} to 4 inches, in thirkncss froni iin inch to \\ inches.
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They are usually more or less compressed from being crowded to-

gether on the stem; a tuft of dry, brown sepals protrudes about an

inch beyond the apex. The flesh is crisp, juicy, white, and contains

two or three rows of small flattened seeds. The flavor is spicy and

delightfully subacid. Care must be taken to remove the skin before

eating, however, as it contains a principle which burns the lips and

mouth severely. Like the uncultivated types of pineapple, and to a

less extent the cultivated ones, it probably contains raphides and

also the enzym known as bromelin.

The name gravata is not limited to this fruit alone, but in Brazil

is commonly applied to a large number of bromeliaceous plants.

THE ABfU.

The abieiro {Pouteria caimito (E. and P.) Radlk.), a small tree

of the family Sapotacese, produces the fruit known as abiu (the suf-

fix " eiro " being added to names of fruits in Portuguese to designate

the tree). It is not common in Bahia, but the fruit is seen in the

markets in small quantities during February and March.

The tree is pyramidal in form, reaching a height of 15 to 20 feet.

The fruit (PI. X) is Qgg shaped, 3 inches in length, and externally

orange yellow in color. The skin is thick and tough. Surround-

ing the two or three large oblong seeds is the translucent, white flesh,

of delicate flavor, resembling that of the sapodilla (Achras zapota

L.). Unless fully ripe it contains a milky fluid which coagulates on

exposure to the air and sticks to the lips in an annoying manner.

The abiu appears to be used only as a fresh fruit. It is, perhaps,

more popular at Rio de Janeiro than at Bahia, though its cultivation

is not extensive at either place. At Para it is said to be one of the

commonest fruits.

THE PITANGA.

The pitanga (Eugenia unifiora L.
) , known in southern Florida as

Surinam cherry, is widely grown in Bahia as a hedge plant. It seems

admirably adapted to this use, forming a compact, bright-green

hedge, thickly foliaged from the ground up. It produces small, ob-

late, ribbed fruits, deep crimson in color and about an inch in diame-

ter ; when grown as a hedge, however, the plants do not bear as heav-

ily as when given more room and allowed to develop unhindered.

The small, ovate, glossy green leaves are frequently scattered over the

floors of the houses, yielding, when bruised by trampling, an agree-

able spicy odor, which is much liked and thought to be efficacious in

driving away flies.

THE CASHEW, OR CAJlfr.

One of the most abundant and popular fruits is the cashew, or

cajii {Anacardium occidentals L.), of which there are innumerable
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wild trees in the immediate vicinity of the city. The tree is practi-

cally never planted, and so far as could be learned no effort is being

made to select and propagate the better types. Quantities of the

fruits are gathered from wild seedling trees and brought into the

market, where their aromatic fragrance soon dominates all other

odors. The island of Itaparica, in the bay of Todos os Santos, about

T miles from the city, is said to produce the finest cashews. One tree

on the island, the "Manteiga" or "butter" cashew, is especially

famed. Aside from being eaten fresh, in which state great quantities

are consumed by the natives, the cashew makes excellent jams and

jellies and a light wine, all of which are manufactured commercially.

THE MANGO.

The mango {Mangifera indica L.), introduced from India in. the

early days, vies in popularity with the cashew, though it is not pro-

duced in such lavish profusion. Large seedling trees are seen every-

where, not only in gardens, but along the roadsides wherever seeds

have chanced to fall. The immense size which the tree attains in

the deep soil of this region is astonishing; a magnificent specimen

at Cabulla (PL XI), said to be over 100 years old, was found to

have a spread of 120 feet, while the trunk was over 25 feet in cir-

cumference.

Itaparica is famed throughout Brazil for its mangos. Most of the

trees on the island are seedlings, of which more than 180 are known
by name. Quantities of fruit are exported to Eio de Janeiro, the

growers receiving $5 to $10 per hundred. At this rate, some of the

largest trees are reported to yield an annual income of $200.

It must be admitted that most of the mangos grown in Bahia

and elsewhere in Brazil, grafted varieties as well as seedlings, are

somewhat inferior to the best of those cultivated in India, the Phil-

ippines, or the United States. There is one variety, however, whose

unusual beauty and exceptional commercial qualities make it of par-

ticular interest. This is the Manga da rosa (rose mango), grown
commercially in the vicinity of Pernambuco and to a less extent at

Bahia, Rio de Janeiro, and other points in Brazil. During the holi-

day season quantities of the fruit are shipped to Rio de Janeiro,

principally from Pernambuco, and sold by dealers in fancy fruits at

the efjuivalent of G5 to 80 cents each. The attractiveness of this

mango, with its cordate, regular form, slightly beaked at the apex,

and its contrasting shades of apricot and scarlet, can scarcely be

resisted. It will average about 1 pound in weight. The fiber is

coarse and rather long; the quality is fair; the flavor and aroma
aio very good, indeed. However, the variety as a whole can not be

considered the equal of tljc Mulgoha, Pahcri, or several other Indian
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mangos grown in the United States. Its unusual attractiveness and

the fact that it withstands shipment and handling much better than

other varieties observed make it of interest and well worthy of

introduction for experimental tests in North America.

Manga da rosa is believed to have been introduced into Brazil from

Mauritius. Two subvarieties are known in Bahia, " da terra " and " do

Rio," differing slightly in the shape of the fruits. Inarched trees are

produced in small quantities and sell at $3 each. The variety is

polyembryonic, like the "No. 11" mango of Florida and the West
Indies, and appears to be a regular and prolific bearer.

There are four other named varieties of the mango which are

propagated by grafting and are more or less well known at Bahia

as well as in other sections of Brazil. The best of these is probably

the Itamaraca, which takes its name from the island of Itamaraca,

off the Brazilian coast near Pernambuco, a place especially noted for

its mangos. The fruit is small and of very unusual form, distinctly

oblate, with a small protuberance, or "nak," at the stigmatic point

near the apex. Usually it does not average more than 3 inches in

diameter. Its color is orange yellow, and the flesh is free from fiber,

is aromatic, and of piquant, spicy flavor. It is generally considered

the best flavored of the grafted varieties. Espada (sword), an-

other named variety, is apparently a seedling type, of which indi-

viduals are sometimes propagated by inarching. Its form is distinc-

tive, long and curved at each end. It is usually yellowish green when
ripe, not at all attractive in appearance. While its flavor is fair, the

flesh is very fibrous and it must be ranked as inferior. Carlota and

Augusta and two other named varieties, neither of them being widely

grown. Both are rather small, of good flavor, but with no particular

merit.

THE dend]e: palm.

The Guinea oil palm {Elaeis guineensis Jacq.), known in Bahia

as dende, was doubtless introduced from Africa in the early days of

the slave trade. It is frequently seen growing upon the hillsides on

the edge of the city and is common around the huts of the negroes.

Its tall, straight stem, ascending to a height of 40 or 45 feet, is

crowned by a rather compact head of stiff, pinnate leaves about 20

feet in length. While not graceful in appearance, it is handsome
and of considerable ornamental value, the scattered groups, which

are abundant in the suburbs, being among the most pleasing features

of the landscape.

The fruits are produced in crowded bunches, clustered around the

trunk at the bases of the leaves. Individually they are oblong ellip-

tical, about 2 inches in length and 1 inch in thickness, dull orange-

scarlet in color when fully ripe. The large seed is surrounded by a

layer of firm golden yellow pulp, very rich in oil.
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The ABiu, a Fruit Resembling the Sapodilla.

This tree is comparatively rare in tropical America, but it is cultivated at Bahia, Rio de Janeiro, and
other places in Brazil. The fruit is bright yellow in color, with white flesh of a sweet, rich flavor,

strongly suggesting that of the sapodUla (Achras zapota), to which it is related. The tree is small
and of very attractive appearance. Botanically it is known as Fouteria caimito. Photographed at
Bahia, Brazil, November 3, 1913. (Natural size.)
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An Unusually Large Mango Tree at Cabulla, Bahia.

'in Uif! flonp, U-rliU- .soil <>l f.liis region I.Ik^ Juanf,") iilJ.iuns ininiciisi' proiiorl inns. Tlin spof imon shown
in I his photograph i.s )>cMi:vcrl l,o he, ov(t !i hnndrwl yciir.s oliL II. is 2't fcnl. in circnniriTcnco und at

nfcjri'lav f.'usl.s a sharlow IliO feel, in diunicl cr. 'I'lii.s lar(,'(i sccdlinf,' niniiKo oc'casioniilly hi'iU'S :i good
croi) of fruit of fair (|nallly. I'holo^'raplicd al. Col. I/Ugo's, Calm I la,, I'.aliia,, lira/.il, Di^cxiiuljcr 12, H)i:j.
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Dende oil is an important food product, entering into the prepara-

tion of a number of dishes, some of which, such as vatapa, are con-

sidered peculiar to the region. While utilized by all classes of people,

its greatest popularity is among the negToes, long familiarity hav-

ing made dende oil almost as indispensable to them as olive oil

is to the Spaniard. The price at which it is sold, 25 to 30 cents for

a quart bottle, is not high by Brazilian standards. Its flavor is

characteristic, but not objectionably strong. The oil is prepared by
a simple process, requiring no special utensils and involving but

little labor. The pulp is macerated and placed in cold water, and as

the oil rises to the surface it is skimmed off, placed in a pan, and

boiled down to remove all water and other foreign substances. When
ready for use it is deep orange colored, about as heavy as olive oil,

and usually somewhat cloudy in appearance. Upon exposure to

cold it solidifies. It is said to be employed as an illuminating oil,

as well as being used for culinary purposes.

The utility of the dende palm is not limited to the production of

oil. Among the Bahians the leaflets are used for making brooms,

while the woody leafstalks are split and woven into baskets.

SOME INTERESTING FRUITS OF RIO DE JANEIRO AND VICINITY.

Aside from the natural beauty of its surroundings, the capital of

Brazil has an added interest to the horticulturist in its magnificent

avenues of Royal palms {Oreodoxa oleracea Mart.), of which there

are a number scattered throughout the city. In such an avenue as

that in the Botanic Garden, over half a mile in length, this palm is

seen at its best, its straight, flawless trunk rising to a height of over

a hundred feet, crowned by a tuft of graceful leaves. There are

certainly few plants more striking in landscape effect than this, and

it should be more widely grown throughout the Tropics and in the

United States wherever it will survive the winters.

Rio de Janeiro does not appear to have the profusion of indigenous

and exotic fruits which are found in Bahia, yet the markets are

nearly always supplied Avith many choice sorts. European fruits,

such as the apple, tlie pear, and the grape, hold a much more impor-

tant position than in Bahia, large quantities being imported from
I^urope and North America in addition to a limited production of

certain ones in various parts of Houtbern Tirazil. Many of the

tropiciil fiiiifs foiiiid \\i I>:ilii;i mic common, notably the cashew,

the mango, the sugar-ap])lc, t!i(^ pineapple, and tlie banana.

THK JABOTICABA.

Among the frnit ti-ees ruUivatocl in tlic gardens about Rio de

Janeiro tlie jaboticiiba is ouv of the coinnionest, and certainly the

one which creates the strongest impression npon the newcomer. The
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peculiar habit of producing its delicious fruit directly upon the

bark of the tree, not only upon the small limbs but upon the trunk

and it is said even upon exposed roots, together with the unusual

beauty of its synmietrical, dense, umbrageous head of light-green

foliage, places it far above the average indigenous fruit tree of

tropical and subtropical South America.

The jaboticaba is extremely popular and highly esteemed by all

classes of Brazilians. It has been cultivated for generations, yet in

spite of this fact, it is, botanically speaking, but imperfectly known.
Horticulturists generally list it as Myrciaria jciboticaha Berg, but

Berg himself distinguished and defined three distinct species, M.
cmdi-flora^ M. truncvjloroL, and M. jaboticaba, whose fruits are all

known under the name of jaboticaba. Tavares,^ in describing these

three species, states that they can only be distinguished when grow-

ing wild in the forests, since culture produces marked variation from
the typical characters and in addition some of the cultivated forms

are the results of crosses between the different species. It can easily

be seen, therefore, that in studying the trees found in cultivation

and attempting to name them accurately, many obstacles are en-

countered.

The geographic distribution of the jaboticaba is stated by the best

authorities to be from Rio Grande do Sul on the south to Minas

Greraes on the north and from the coast to Goyaz and Matto Grosso on

the west. Outside of this region the tree is occasionally seen in culti-

vation, as at Bahia, where it does not appear to thrive and is rarely

grown. Around Eio de Janeiro it is one of the features of gardens

and orchards. Not only are there single trees in many gardens, but

occasional small plantations an acre or two in extent.

The zone of the jaboticaba extends from sea level to altitudes of

3,000 feet, or even more. At Petropolis it grows and fruits well,

according to Tavares,^ and at Barbacena, in Minas Geraes, where the

altitude is 1,168 meters, it seems to thrive, although the winters are

sometimes very cool. In this section of Brazil, however, ice rarely

forms, even at such altitudes.

At Lavras, Minas Geraes, nearly every garden contains one or more

trees, making the jaboticaba easily the most important fruit of the

region. At Pirapora, head of navigation on the Rio Sao Francisco,

there are a few gnarled and stunted trees whose abnormal condition

apparently indicates that they are near the edge of the zone in which

the tree can be grown.

One of the greatest Brazilian botanists, Barbosa Rodrigues, con-

sidered the jaboticaba (PI. XII) the handsomest of all the Myr-

tacese. Under favorable conditions it reaches a height of 35 or 40

1 Op. cit, V. 10, p. 422. 2 Op. cit., v. 10, p. 429.
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feet, the trunk branching freely close to the ground. The leaves

are persistent, opposite, ovate-elliptical to lanceolate, acute at the

apex, generally glabrous, with the margins entire. In length they

vary from three-fourths of an inch to over 3 inches, their size being

one of the principal characteristics by which the natives distinguish

the different horticultural forms which are cultivated in the gardens.

The flowers (PL XIII) are small, white, produced singly and in

clusters on the bark from the base of the trunk to the ends of the

small branches, sometimes so thick as almost to hide the trunk,

limbs, and small branches from view; in form they resemble those

of the myrtle, having four small white petals and a prominent clus-

ter of white stamens. The season of flowering varies greatly with

the different species and in different localities.

The fruit (PL XIV) develops very rapidly and is ripe two or

three months after the appearance of the flowers. In form it is round

or slightly oblate, half an inch to an inch and a half in diameter,

deep, glossy maroon-purple in color, crowned with a small disk at

the apex. While sessile in Myrciaria cauliflora, in M. jaboticaba the

fruits are produced upon slender stems about an inch in length.

Those of M. cauliflora are considered the largest, frequently averag-

ing an inch or more in diameter as seen offered for sale in the mar-

kets. The skin is thick and rather tough; besides coloring matters

it contains a large amount of tannin. The translucent, juicy pulp,

white or tinged with rose, is of a most agreeable, vinous flavor,

suggestive of the Scuppernong or Muscadine grape {Vitis rotundi-

folia) of the Southern States; the whole appearance and character

of the fruit so suggest a grape, in fact, as to earn for the jaboticaba

the name of "the grape of Brazil." One not infrequently finds a

jaboticaba with the disagreeable resinous twang common to a num-
ber of myrtaceous fruits. This may be due in many instances to

the condition of the fruit at the time of eating or to the inferiority

of the particular variety. A good jaboticaba is so thoroughly enjoy-

able as to tempt one to keep on picking and eating the fruits indefi-

nitely. Brazilians are wont to yield to this temptation, especially

the children, who spend hours searching out and devouring the ripe

fruits, their only complaint being that it is impossible to satisfy

one's appetite with jaboti cabas.

The seeds, which vary from one to four in number, are not easily

separated from the pulp. In form they are oval to almost round,

compressed, and about a quarter of an inch in length.

A number of named varieties are known to the Brazilians, some

of which are probably true species, otliers liorticultund forms origi-

nating through se<Mlling variation. The name jaboticaba, without

any qualifying word, is considered to be properly applied only to
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Myrciaria cauliflora. The species jaboticaba is properly known as

jaboticaba de Sao Paulo, jaboticaba de cabinho, and jaboticaba do
matto. Tavares^ mentions another species, M. tenella Berg, whose
fruit is known as jaboticaba macia. The horticultural variety Coroa,

one of the commonest named forms in Rio de Janeiro and Minas
Geraes, can probably be referred to 31. cauliflora. Another variety,

Murta, is equally well known, and has smaller leaves than Coroa;

it, too, is possibly a form of M. cauliflora. Branca (white) and Eoxa
(red) are two other names that are occasionally applied to varieties

cultivated in the gardens.

When heavily laden with fruit the tree is a curious and interesting

sight (PI. XV). Not only is the trunk covered with clusters and
masses of glistening jaboticabas, but the fruiting extends to the ends

of the smallest branches as well. When one stops to consider the

comparatively small size of the fruits and the profusion with which

they are produced all over the tree, it is apparent that the number
must be enormous.

The season not only varies with the species and location, but quite

frequently several crops a year are produced. The trees even flower

and fruit during the winter months in locations where the tempera-

ture does not go below 64° F. Tavares ^ considers moisture to be the

essential factor governing fruit production and states that the

fazendeiros (ranchers) of Sao Paulo, who irrigate their trees at times

when there is a scarcity of rain, succeed in having ripe jaboticabas

throughout the year.

For shipping, the fruit is usually packed in wooden boxes which

originally held two 5-gallon cans of kerosene. No packing material

is used, and on account of the quantity of fruit in a single package

much of it, of course, is crushed and bruised. Since good jaboticabas

are sold in Eio de Janeiro for the equivalent of 25 cents a pound there

is sufficient profit in handling the fruit to permit its being shipped

from considerable distances. Boxes from Sao Paulo and the interior

of Minas Geraes are sometimes seen in the markets of Rio de Janeiro.

While the jaboticaba is adapted to a number of different uses, at

the present day practically all of the fruit seems to be consumed in

the fresh state. By the aboriginal inhabitants a wine was made,

which was held in high esteem. Recently the manufacture of jaboti-

caba jelly has been taken up with very successful results. It has been

found that the skins should be removed from about half the fruits

used in order to prevent the jelly from having too strong a taste of

tannin.

The tree succeeds best in a deep and rich soil, although it seems to

grow on heavy clay or poor soils when forced to do so. Its growth

^Op. cit, V. 10, p. 429. 2 Op. cit., v. 10, p. 427.
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The Fruiting Limbs of a Jaboticaba Tree.

Thoolii'rtfTS ari'l massos of (elision iiiK piirpio fniilssoiillcrffl ovor llio snioolli Imrk of tlio liiiiik and
milin bninfhi'S of thf) jaliotifalia trco aro a novel ari'l inlcresl iiiK si'nlil . SonicliMrcs two or oven
thr»"« crops aro pro'luffd in a year. ]'hoU)Kra|)lic<l at Hr. Catruinby's, I'orta d'Agua, lUo do Janeiro,
lJra/,1), Ootot)(!r2S, I'jl.'f.
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is slow, from six to eight years being required for it to come into

bearing. While doubtless hardier than many of the strictly tropical

fruits, it withstands but little frost. Its advantage seems to be, how-
ever, that it thrives in regions where the winters are normally too

cool for the successful culture of such fruits as the jak {Artocarpus

i-ntegra) and the cashew, which come from strictly tropical regions.

Its propagation seems to be exclusively by seed, though inarching

is said to be practicable. Some vegetative means of propagation must
be employed if improved varieties are to be established and perpet-

uated.

THE CABELLUDA.

This myrtaceous fruit (botanically Eugenia {Phyllocalyx) tomen-

tosa Cambess.) is not common in gardens around Rio de Janeiro,

although indigenous to the region. While an occasional tree is seen,

it does not compare in popularity with either the jaboticaba or the

pitanga.

AMien well grown the tree is handsome and would be of value as

an ornamental alone. It reaches a height of 15 to 25 feet, with a

Inroad dome-shaped head of foliage. The leaves are 2 to 4 inches in

length and about 1 inch in breadth, oblong lanceolate, bright green

and slighth^ tomentose above, dull green and tomentose below.

The name cabelluda is the feminine of the Portuguese adjective

meaning hairy and has reference to the downy tomentum present on
both the leaves and the fruits. The tree flowers in June and the

fruits ripen in October and November. They are sessile and pro-

duced on the small branches in great numbers, somewhat resembling

large gooseberries in appearance, but when fully ripe are bright

golden yellow in color. The largest specimens are slightly under an
inch in diameter, round or nearly so, and the skin is firm and tough.

The pulp is rather scanty, but juicy and of pleasant subacid flavor,

suggesting the May-apple {Podophyllum peltatum L.) of the United

States. The one or two large seeds are surrounded with coarse but

very short fibers.

THE GUABIROBA.

Another interesting myrtaceous fruit is the guabiroba {Cam/po-

maneHia fenzliana (Berg) (Jluziou), Avhose foliage is remarkably

similar to that of some of the European oaks. It is indigenous in

the forests of liio dc Janeiro State and is cultivated to a limited

<'xtent in gardens.

The iiaiiK' giiiiljiroba is also applied, with various orthographical

changes, such as gahiiolKi and giiabiraba, to several other fruits of

the germs ('iiinpoiiuiiicsi!!. some of uliich are common on the campos

or open phiiris of Miiias (ieraes.
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The tree occasionally reaches a height of 30 or 40 feet. Its leaves

are elliptical-ovate in form, entire, about 2 inches in length, the veins

depressed above and prominent below. The fruits' greatly resemble

small guavas ; they are three-fourths of an inch or more in diameter,

oblate in form, the apex crowned by a large disk and five persistent

sepals. When fully ripe they are orange yellow in color, the surface

slightly wrinkled longitudinally and covered with a thick tomentum
or down. The skin is thin and surrounds a layer of granular, light-

yellow flesh, which incloses the seeds and the soft pulp in which they

are embedded. The flavor is similar to that of a guava, but fre-

quently stronger.

According to Tavares^ there are four varieties of this species,

but they are not well known. The principal use to which the fruits

are put is the manufacture of jellies.

THE CAMBUCA.

Botanically the cambuca is referred to Myrdaria plicato-costata

Berg, correctly known as M. edulis (Veil.) Skeels, but Barbosa

Rodrigues believed there was some confusion within the species.

Like the guabiroba, this fruit is indigenous to the vicinity of Rio

de Janeiro and is also cultivated in gardens. In general appearance

both the tree and the fruit are suggestive of the jaboticaba. The
leaves are somewhat larger, however, and the bark a darker shade

of brown.

"\'\'liile cauliflorous and sessile, the fruits (PI. XVI), which are

commonly eaten fresh, are not produced in such profusion as jaboti-

cabas, nor are they found as a rule on the lower part of the trunk.

In form they are oblate, an inch and a half in length and 2 inches

in breadth, with a small brown disk not over an eighth of an inch

in diameter at the apex. The skin is smooth, orange yellow in color,

and rather tough. The soft, translucent inner flesh only is edible;

between it and the skin is a thick, tough layer, bright orange in

color, which has to be discarded with the skin. The flavor is subacid,

greatly resembling some of the Passifloras, very pleasant and agree-

able, though perhaps not so delicious as that of the jaboticaba. The
seed is oval, seven-eighths of an inch in length, and is easily separated

from the flesh.

THE BACUPARI.

This is a beautiful pyramidal tree {Rheedia hrasiliensis Planch,

and Triana) of the family Clusiacese, indigenous to the State of Rio
de Janeiro. As indicated by the name it greatly resembles the

bacuri {Aristoclesia esculenta (Arruda) Stuntz; Platonia insignis

Mart.). It is smaller in size, and while not considered quite so

1 Op. cit., p. 36, 1913.
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delicious is highly esteemed by the natives, especially in the form of

a doce or jam, when, as one writer says, " it is a nectar."

In form the bacupari is ovate, rather sharp at the apex, varying

in length from an inch and a quarter to an inch and a half. The stem

is 1 to 2 inches in length, rather stout. The tough, pliable, orange-

yellow skin, about an eighth of an inch in thickness, surrounds the

soft, translucent, snowy white pulp in which two oblong, elliptical

seeds are embedded. In flavor the pulp is subacid, sprightly, sug-

gestive of the mangosteen, to which it is distantly related. When
fully ripe it is delicious.

The tree is said to flower in December and ripens its fruit in Janu-

ary and February. It is little known in cultivation.

THE FRUTA DE CONDESSA.

During March and April the fruta de condessa {Rollinia deliciosa

Safford) is not rare in the markets of Rio de Janeiro. Large

baskets of the fruit are shipped in from the near-by regions and

offered alongside its relative, the sugar-apple {ATvnona. squamosa L.),

called locally fruta de conde, frequently at a higher price than the

latter.

In general form this fruit (PI. XVII) is conical to cordate, some-

times even oblate, and 3 to 4 inches in diameter. The surface is

covered with conical protuberances arising from the carpellary areas

and is creamy yellow in color. The skin is rather tough and not

easily broken ; it surrounds the milky white, somewhat mucilaginous

flesh in which the seeds are embedded. The flavor is sweet, and it

is relished by the Brazilians, as evidenced by the quantity of fruit

sold. The seeds are not as numerous as in many other annonaceous

fruits and are about the size of an average bean.

FRUITS 01!' THE HIGHLANDS AND SEMIARID REGIONS OF MINAS
GERAES AND BAHIA.

A large numljer of wild fruits are found on the rolling plains of

the State of Minas Geraes, some of them having been brought under

cultivation by the inhabitants of this region. In addition to the

common fruits of the Troj)ics, the higher portions of Minas Geraes

produce some of the European fruits and the North American grapes

(juite successfully. As there is an extensive demand for peaches,

pluniH, apph's, pcius, and other temj^erate fruits in Rio de Janeiro

and (jtlicr lai-ge cities, the Tirnzilian Government has recently estal)-

lishcd ;iii cxpcriinent station in connection with the agricultural

school at Harhacena (PI. XVIII), where numerous varieties of all

the rriofc. imf)f)rt!uit temperate fi'iiits are being tested in order to

find uhii li iiic best ndiipfcd <n (he fc'rion.
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PEKA DO CAMPO.

The pera do campo or cabacinlia do cainpa (pear of the campo or

gourd of the campo ; botanically Eugenia Motzschiana Berg) is found
near Lavras, Minas Geraes, and also at Sitio, about 100 miles east

of Lavras; but it is extremely rare in both places and the natives

themselves in many cases seem not to be familiar with it. The
plants usually grow in groups or patches and are so low that it is

often difficult to distinguish them among the grass. The aromatic,

penetrating odor of the fruits, however, which is noticeable several

yards away, frequently furnishes a clue to their location.

The plant is not bushy or shrubby in growth, but usually sends up
several slender, unbranched stems 1 to 2 feet in height. When grow-

ing along the banks of ravines this habit is sometimes changed, the

stems attaining a height of 4 or even 5 feet and giving rise to a few
slender, drooping lateral branches. The leaves are lanceolate, 3 to 5

inches long, rather hard and brittle, silvery pubescent on the under

surface. The slender pyriform fruits, 2 to 4 inches in length, ripen

from November to January. In appearance they somewhat resemble

pears except in their more elongated form and downy surface (Plate

XIX). The thin, delicate skin is light yellow to golden brown in

color. The flesh resembles that of a pear in color and texture ; it is

extremel}^ juicy and possesses a strong aromatic fragrance indicative

of its flavor, which is acid, spicy, and refreshing. Little is known
of its uses, but it is probably better suited to culinary use than for eat-

ing fresh, because of its acidity and a possible slight purgative effect.

The seeds, one to four in number, are irregularly oval in shape and
occupy a comparatively small amount of space in the center of the

fruit, a rather unusual thing in a wild species of Eugenia..

LIMlO DO MATTO.

The limao do matto (lemon of the forest ; Rheedia edulis Planch,

and Triana) is a rare fruit, cultivated to a small extent at Lavras,

Minas Geraes. The tree is small, upright, sometimes pyram-
idal in form, of handsome appearance, with its oblong, glossy,

deep-green leaves 4 to 6 inches in length. The fruit (PI. XX) is

about 2 inches long, usually elliptical, tapering at both ends, and

bright orange in color. The thick, tough skin incloses a mass of

light-colored, juicy, aromatic pulp of rather acid flavor. The seeds

vary from one to three in number and are oblong or oval in form,

about an inch in length. If cut or bruised, a viscous, bright-yellow

fluid exudes from them. In quality, the fruit of this species seems

slightly inferior to Rheedia hrasilieneis, which grows at Rio de

Janeiro. »
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The "COUNTESS'S Fruit" (Fruta de condessa).

ThI.s popular fruit (fiollinla ddicloHU) grow.s wild near lUo <ln .lanoiro. It is pi(^kc(l wliilo .still hard and
jjrwnand bron>;htintottif! markets, whcroitKraduallyassuinps a briKht-yellow color and heconics soJt.

Itforitiilns nuiiicroN.s dark-brown secdsabout tliesi/.o of an av(!raKol)eun,cacli .surrounded byniilkv
white (Irah . whifh is siiRary awect and of good (lavor. I'hotographed at Kio do Janeiro, Jirazil, March
KJ, 1914. (Natural .size. J
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The Limao do Matto ("Lemon of the Forest").

A handsome small tree (Rheedia edulis), with striking dark-green foliage. The attractive, medium-
sized, roimd or oblong yellow fruit somewhat resembles a lime or small lemon. When fully rii)e,

the light-colored juicy pulp loses most of its acidity, has a pleasant flavor, and is slightly aromatic.
The tree is related to the mangosteen. Photographed at La\'Tas, Minas Geraes, Brazil, January 12,
1914. (Natural size.)
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Flowers and Fruits of the ImbO (Spondias tuberosa).

The thick yellow skin of the fruit incloses a juicy pulp of a subacid flavor, somewhat suggestive of a
sweet orange. The natives, in addition to eating quantities of the fresh fruit, make imbii jelly and
a famous Brazilian dish called imbuzada, prepared by mixing the juice of the imbu with boiled

sweet milk, sweetened to taste. This is a delightfully pleasant and refreshing drink, not altogether
unlike whipped clabber with sugar, except that it has a decidedly fruity flavor. Photographed at
Bahia, Brazil, December 15, 1913. (Natural size.)
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The Joazeiro (Ziziphus joazeiro), an Interesting Dry-Land Tree.

This Ih a hand.Homo cvfrr^frr-on trcf!, with dcDso k^'iti fol iuf,'" hiuI is .siiid to bo llio finly plnnl; on Uio
caatinKiw whlfrh rotains it.s foliaf,'" UiroiiKli tlio lonR season of tlroiiKliI;. 'i'lio friiil. (calleil jua) iind

foliage arc eaten by stock. Thotograiiliwl at Jircjo, Mina.s Gcraos, Brazil, February 14, 1'Jll.
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Fruits and Foliage of the Joazeiro.

The numerous small green fruits, about the size of a cherry, which become yellow when ripe, have a
translucent, viscous pulp surrounding the seeds, which is eaten by the lower classes of natives; but
its peculiar, insipid flavor is not particularly agreeable to the average person. As the fruits are
produced in the greatest abundance and are eaten by stock, they have more or less economic ini-

portance in regions subject to excessively dry periods. Photographed at Januaria, Minas Geraes,
Brazil, February 13, 1914. (Natural size.)
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THE SUGAR-APPLE.

In the small towns throughout the interior of Minas Geraes and

Bahia States the sugar-apple {Annona squamosa L.) is one of the

most important cultivated fruits. It is known here as pinha (pine

cone; probably so called because of the similarity in appearance).

Originally brought to the interior from Bahia, it is believed, the tree

found such congenial surroundings and produced fruit of such ex-

cellent quality that it has gradually taken first place in many gar-

dens. The fruit is peddled about the streets by small boys, large

specimens selling for 2 vintens (less than 2 cents), smaller ones for a

vintem.

In flavor the sugar-apples of this region are superior to those of

the coast. They are not so large as those of Bahia, but there is a

peculiar delicacy of flavor and tenderness of flesh which is lacking

in the latter place. This may be due in part to the fact that the

fruits are allowed to remain on the tree until fully ripe, while at

Bahia they appear to be picked a trifle too soon and are then ripened

in the house.

A good sugar-apple is 3 inches in diameter and usually heart

shaped. Within its rough exterior is a mass of snow-white delicately

flavored pulp containing numerous black seeds the size of a bean.

The pulp separates into slender, conical segments, each one contain-

ing a seed. After being picked from the tree the fruit is placed in

a cool place for 24 hours, when it becomes soft and ready to eat. It

is always eaten while fresh, no methods of cooking or preserving

it being known.

THE SWAMP ARATICUM.

Near the village of Urubu, on the Rio Sao Francisco some dis-

tance below Januaria, the low, swampy lands which extend back
from the river bank a distance of three or four hundred yards are

covered with Annona spinescens Mart., a compact, spiny shrub
known to the natives as araticum do brejo, or " swamp araticum."

Thi.s plant is often found on ground which is submerged under a

foot or two of water during part of the year. It grows to a height

of 8 or 10 feet and produces an al)undance of oblong-conical fruits

2 to 3 inches in length, reddish orange in color and externally cov-

ered with small conical protuberances. When fidly ripe, these fruits

are so soft and delicate in texture that it is diflicult to handle them
without breaif ing the skin. The flesh is of the same color as the exte-

lior and of a sweet, insipid flavoi-, aj)i)arontIy not relished by the

natives, as they allow the hogs to consume the crop. Tlie seeds are

very numerous and do not separate easily from the pulp. The spe-
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cies may prove valuable, however, as a wet-land stock for the cheri-

moya or for breeding purposes.

THE IMBtj.

Among the drought-resistant plants of the caatinga or semiarid

section of interior Bahia, the imbii {Spondias tuberosa Arruda) is of

particular interest. It is abundant and highly appreciated, not only

in the interior of Bahia State, but also in Pernambuco and other

sections of northeastern Brazil. To^ the natives it is a most important

article of diet, taking the place of the cultivated fruits which are so

common around the city of Bahia, but in the interior found only

in the gardens of the better classes. During the ripening season

imbiis may be had for the gathering. Natives go out from every

village into the surrounding caatinga, often to a distance of several

miles, and bring in bushels of the fruit on their burros or diminutive

ponies, consuming much of it immediately, but not forgetting to

store away an abundance in the form of jam or jelly for the time

to come when the imbii can not be obtained. In all the towns and

villages along the Rio Sao Francisco, in Bahia State, imbus are

plentiful in the markets, and the ground around the market places

is often literally covered with the skins and seeds. A basket con-

taining a quarter peck or more of the fruit can usually be purchased

for 2 or 3 cents.

The imbu tree (PI. XXI) is distinguishable from other growths

on the caatinga by its low, spreading head, sometimes 30 feet in diam-

eter. Its fruit is produced on slender stems, mainly toward the ends

of the branches. Some trees are so productive that the fruit, when
allowed to fall, forms a carpet of yellow upon the ground.

In general appearance the imbu (PL XXII) may be likened to a

greengage plum. It is oval, about an inch and a half in length, slightly

less in breadth, and light greenish yellow when ripe. The skin is

somewhat thicker than that of a plum, with the result that it is not

eaten along with the pulp. The flavor of the soft, melting, almost

liquid pulp is suggestive of a sweet orange. It is frequently eaten

before fully ripe and soft, when it is rather acid, though not dis-

agreeably so. The seed, oblong and about three-fourths of an inch

in length, is difficult to separate from the inner pulp which ad-

heres to it.

The natives of the interior will often tell one that there are several

varieties of the imbu, one being round, another oblong, and so on. The
fact is that seedling variation results in the fruit of every tree being

different from its neighbors in some minor characteristic of size,

form, or flavor. No doubt the fruit could be greatly improved by

selection, even in a few generations.
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The imbii furnishes the basis for a dish famous throughout north-

eastern Brazil, known as itnbuzada. This is made by adding the juice

of the fruit to boiled sweet milk. The mixture is greenish white in

color and when sweetened to taste is relished by nearly everyone on

first trial. Imbu jelly is another well-known product, obtainable in

the stores of Bahia, Rio de Janeiro, and other coastal and interior

cities.

THE JOAZEIRO.

Another interesting tree of the caatingas is the joazeiro, or juazeiro

(Zisiphus joazeiro Mart.), from which the town of Joazeiro takes its

name. This tree grows along the banks of the Eio Sao Francisco in

Bahia State, but is not abundant in most parts. It rarely occurs in

large groves, but is usually scattered among the other plants along

the river and on the caatinga. "VVlien it attains mature size it forms a

beautiful, dark-green, umbrageous head 30 feet in diameter (PI.

XXIII). The leaves are hard and brittle in texture, oval to ovate,

about 2 inches in length. The small wood is armed with short, stiff

thorns, which are not, however, particularly dangerous.

The fruits (PI. XXIV) vary greatly in size according lo the tree

by which they are produced. The largest ones are nearly an inch

in diameter, round, and creamy yellow in color. Inside the thin skin

is a layer of mealy flesh, within which lies the seed, surrounded by a

mass of translucent, mucilaginous pulp. In size and shape the seed

resembles a small olive stone. The pulp adheres to it very closely and

can scarcely be separated, even in the mouth. The flavor is peculiar

and somewhat insipid.

Natives of the poorer classes gather up the fruit and use it for

food, but it is as a source of stock feed in dry regions that the tree

seems to have its greatest value. The trees bear prodigiously, the

ground under them being covered with fruits at the end of the

season. These are considered fattening and reported to be readily

eaten by cattle and swine. In addition, the ornamental value of the

tree and its drought-resisting qualities make it worthy of note. It is

said to be the only plant on the caatinga which retains its leaves

during excessively dry periods.
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INTRODUCTION.

This bullethi is the first of a series designed to meet the long-

standing need for a careful study of apple orcharding in various parts

of the United States which would give comparative and detailed

information on the different methods of orchard management in

vogue and the several factors which enter into the cost of apple

production. This particular study was made during the summer and

fall of 1914 in Wenatchee Valley, Chelan County, Washington, in

territory tributary to the towns of Wenatchee, Monitor, and Cash-

mere. Complete and detailed data^ were secured on the bearing

apple orchards of 87 ranches,^ and the figures presented represent

conditions as they actually existed on the farms when surveyed in

1914.

' I'nfortunatcly, few farmers keep accounts which would give the necessary information for a study of

the cost of conduci ins various farm enterprises. However, amjjlc experience in IhoOlliccof l''anu Manage-

ment has shown llial although farmers may not have accurate records of their work, expenditures, and

income, the average farmer does have in min(l fairly accurate information oil Iheso points, and this infor-

mation can Ix! obtained from liim hy skillful (luestioning when the (lueslioiis are stated in the terms in

w lilch the farmer thinks. Tlic O/hcc of Farm Management has therefore developed the method of studying

cost of i)roduciion by means of the farm survey, in which informal ion is ol)taiiK!d from a large niiinlier of

farmers by dir<-ci liucrviews. In many ln.stanees It lias been possible to conipan! averages thus ol)lained

with iu-fniraii! records, an<l the results justify theconc^lusion that when tlu! surv(?y method is j)ropcrly and

skillfully M'M-il the Information obtained by it Is ordinarily as accurate as the results secured in carefully

wmducied iU-Ui cxjicrlments. The siirvf^y melliod was used in olitaining tlie information contained in

this bulletin.

2 The word "ran<;h" lsalo<;al term for any farm, ami tlu? word "raiichi'r" is useil iu I lie sense of funiici-.

.SoTK. - .Vckiiowlr'dKmeiil Is due to the Ofllco of Jforticiilliiral and l'oinol()(.;ical Investigations uf the

Ilurcauof i'lant Industry for material assistance in the preparation of this bulletin.

58500'—Bull. 44H—17 1



2 BULLETIN 446, U. S. DEPARTMENT OF AGRICULTURE.

SUMMARY OF RESULTS.

The salienfc facts concerning these 87 orchards brought out by this

investigation, made in the summer and fall of 1914, are, in brief, as

follows:

The average investment per farm surveyed is $20,974; the average

investment per acre of bearing apples alone is $1,925. The equipment

investment is high, being $444 per ranch, or $47 per acre, exclusive

of stock. There is an average of two horses per farm, or 5.3 tillable

acres per horse.

The total annual cost of production is $469.73 per acre, or $0,792

per box, f. o. b. Of this, labor-cost constituted $179.09 per acre, or

$0,302 per box, and cash-cost, including interest on investment,

$290.64 per acre, or $0.49 per box. This is the annual cost for the

average orchard under clean cultural management. Where under

alfalfa or clover management, this cost is reduced about $0.02 per

box.^

Orchards average 6| acres and 81 trees per acre. Trees average

11 years of age.

In the Wenatchee Valley proper, counting every bearing orchard,

the leading 10 varieties in order of importance are: Winesap,

Jonathan, Esopus, Rome Beauty, Stayman, Gano, Ben Davis, Yellow

Newtown, Arkansas (Mammoth Black Twig), and Arkansas Black.

On the basis of the number of young trees, 1 to 5 years of age, in-

clusive, the order is Winesap, Delicious, Jonathan, Rome Beauty,

Stayman, Esopus, Winter Pearmain, Banana, Gano, and Yellow

Newtown.
The yield per acre on the bearing orchards from w^hich data were

secured is 593 boxes, or 7.3 boxes per tree. This represents all

yields on trees from 7 to 11 years, inclusive.

DESCRIPTION OF REGION.

The State of Washington (see fig. 1) is divided by the Cascade

Mountains into two unequal and distinct parts, which results in a

wide variation in climate and rainfall. West of the Cascades there is

an annual rainfall sufficient for the growing of crops, while east of the

mountains there are sections which have an annual precipitation of

less than 8 inches, necessitating irrigation. The irrigated area is rela-

tively small compared with the upland prairies, where the rainfall is

sufficient for farming without irrigation. Fruit growing in eastern

1 No account has here been taken of the depreciation of the orchards. If it is assumed that an orchard

remains in full bearing for 30 years and then is removed, the rate of depreciation is 3J per cent. This

percent of$l,925, the average value per acre of the orchards surveyed, is $64.17. That is, the depreciation

is $64.17 per acre, or $0.1082 per box with the average yield of 593 boxes per acre. This is probably a

maximum figure. It is probable that if the facts concerning the orchard depreciation were known they

would add to the cost here something between $0.04 and $0.08 per box. This assumes, of course, that

the orchard is in full bearing 30 years.
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Washington is mainly confined to the irrigated, sections. Natiu^ally,

with such a wide variation in chmatic conditions, different areas

have developed distinct types of farming.

The principal apple-producing areas of the State lie in the counties

of Yakima, Chelan, Spokane, Kittitas, Walla Walla, and Asotin.

There are extensive plantings of young trees in the county of

Okanogan, while considerable acreage of apples is found in the comities

of Douglas, Grant, Benton, and Khckitat. The most important in

the production of apples, according to output, are the counties of

Yakima, Chelan, and Spokane.

Fig. 1.—Outline map of State of "Washington, showing location of Wenatchee Valley.

Chelan County, in wliich Wenatchee Valley is located, is in the

north <*ontral portion of tlie vState, having one of the main ranges of

the Cascade Mountains on its western and northern boundaries, while

tlie Columbia lliver flows on its eastern boundary, receiving the waters

from several mountain streams which liave their source in tlie Cas-

cades. The princij)al apple-producing area lies in Wenatchee Valley

in the vicinity of the towns of Wenatchee, Monitor, and Cashmere,

and extends as far up the valley as Lf^avcnwortli. (See Pis. I, IF,

and III.) A v(;ry int('Msiv(» region is in the semicircular area a])out

the town of Wenatchee;, wliicfi extends to the west for about 1^ to 2

miles with a gradual incrcasf! in eh^vation of from 700 f(wt at the

railrojifl station 1(.' 850 where the foothills are approadicMl, and to

tlie north until it meets the Wenatchee lliver about a mile from its
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entrance into the Columbia. From here the orchard area extends

northwest along the narrow valley and adjacent slopes of the

Wenatchee River to the town of Cashmere, a distance of about 12

miles. There is considerable variation of altitude throughout the

valley, but most of the fruit is grown in an area from 700 to 1,000

feet in elevation.

Records were taken only in the vicinity of Wenatchee, Olds,

Monitor, and Cashmere, and all data here presented refer only to

orchard management in those sections, unless otherwise stated.

Whenever Wenatchee Valley, or 'Hhe valley," is referred to in this

bulletin, it has specific reference to the region in the vicinity

of the above-mentioned towns. However, orchards are similarly

managed throughout the remainder of the valley.

CLIMATE.

The chmate of the valley is decidedly arid and no crops are grown
without irrigation. The temperature during the summer is often

high, but not oppressive. There is considerable variation in the alti-

tude and the annual precipitation. Tlie orchards lie for the most

part between the altitudes of 700 and 900 feet. There is in the valley

an annual precipitation from 8 to 15 inches. Killing frosts are not

common during the growing season. Generally speaking, Wenatchee

Valley has a pleasant and dehghtful chmate that is very favorable

to the growing fruit.

SOIL.

The soils of the Wenatchee Valley are loamy, varying from "a
very fine silty loam through coarser grades to sandy loam." The
subsoil is of sand and gravel and the bedrock sandstone and shale.^

1 As far as origin is concerned, the soils of the Wenatchee Valley are maialy of two types, namely, the

broad alluvial fanswhich are located at the foot of the steeper slopes and which appear to the best advantage

in the sweeping semicircle which contains the town of AVenatchee with the neighboring orchards. At the

mouths of each of the several canyons these fans have been formed. The canyons have been carved mainly

in the upturned sandstones and clays which come originally from the granite rocks. Above the town of

Wenatchee, continuing up the valley, while there are occasional fans the river terraces are much more
conspicuous. The terraces are composed at the base of glacial bowlders and gravels. Upon these one will

find river gravels and sands. The soil to a depth of several feet, which has been superimposed upon the

gravel and sand, is largely of eolian origin and hence is of a very fine grain and retains the moisture very

readily.

In general, one might say that throughout the Wenatchee Valley the bedrock is represented by upturned

layers of sandstones and shales of lacustrine origin. Next comes a subsoil which is very coarse at the base,

but grading upward into gravels and sands of river origin. The top soil, varying from a few inches to a

himdred feet, is of very fine grain and in the main has been carried to its present position by thepersistent

winds which come out of the mountains to the westward. The soilis loamy in character and variesfrom a

fine silty loam through coarser grades to a sandy loam. Rarely is it composed mainly of sand, but in

general it has the right physical properties to retain the moisture with readines s. Chemically, it is good in

lime, iron, and potash, but is low in nitrogen. Cover crops which will yield nitrates have very greatly

increased the yield of soil and such crops have come to be absolutely necessary in the older orchards.

—

Henry Landes, State geologist, Washington.
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AGRICULTURE OF THE REGION.

Wenatchee Valley has a highly specialized type of agriculture. It

is a region of intensive fruitgrowing, confined very largely to the apple.

The ranches, in general, are small, those included in this investiga-

tion averaging 11.4 acres in size, of which 10.5 acres are tillable. Of

the tillable land, 6.5 acres were in bearing apples, 0.72 acre in other

fruits, and 0.58 acre in other crops. However, there are a few large

ranches devoted to fruit growing, some of them embracing several

hundred acres each. The region is not adapted to an extensive type

of agriculture. The two predominant limiting factors are the liigh

price of land and the small area of irrigable land. Considerable

alfalfa is grown in the valley, but it is largely grown in young

orchards, and at present much of it is being grown, in the bearing

orchards. The soil and cHmate are adapted to a great variety of

crops, but appear especially adapted to fruit.

DEVELOPMENT OF THE FRUIT INDUSTRY.

The first settlement in the valley was made in 1863 at Cashmere,

then named Mission, by Father Grassi, who later diverted the waters

of Mission Creek to water a small garden near the mission.

The first fruit trees were set out by the Miller brothers, some reports

giving the date as 1873, others 1876. The first irrigation ditch in the

valley was established by the same men in 1883, and still exists as

the ^Miller ditch.

Practically the entire Wenatchee Valley was a barren waste until

1896, when the Gunn ditch was built, covering 600 acres of irrigable

land. During the same year the North Wenatchee Canal Co. was
formed and the ditch built covering the Warner Flat near Cashmere.

This ditch was taken over by the Highline in 1902, and now forms a

part of the latter system.

In 1901 W. T. Clark, of North Yakima, was interested in the pros-

pects of developing the irrigation system in the Wenatchee Valley

and soon thereafter took over the organization of the Highline

fWonatchee IlighHne Canal Co.). The ditch as built covered 9,000

acres of orchard land and was completed to Wenatchee in October,

1903. (See PI. IV.) This was the real beginning of the orchard

flf'velopment in the Wenatchee VaII(!y. Development continued

until in 1913 there were more than 20,000 acres of irrigable land under

the difFercnt ditches.

Tlie planting of fruit trees was more or less correlated with tlie

(lev('lopin(;nt of irrigation. Tables I giv(^s tlie tottd apph; acreage in

nortli central Wjushingtoii uiid the acreage in the Wenatdieo ViJley.
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Table I.— Total apple acreage and number of trees in north central Washington an&'in
Wenatchee Valley.^

North, central Washington:

Total apple acreage 41, 711

Total number of apple trees 2, 678, 172

Nimiber of apple trees, 10 years and over 227, 695

Wenatchee Valley:

Total apple acreage 11, 445

Total number of apple trees '.

736, 455

Number of apple trees, 10 years and over 164, 927

The growth and importance of the apple industry in north central

Washington is also shown by the increase in the number of cars of

apples shipped during the 10 years 1905-1914 (Table II).

Table II.

—

Number of cars of apples shippedfrom north central Washingtonfrom 1905
to 1914, inclusive.

Direction of shipments. 1905 1906 1907 1908 1909 1910 1911 1912 1913 1914

Cars east . . 254
257

222
202

508
150

995
274

492
118

1,851
343

1,201
507

3,413
887

3,546
910

5,913
Cars west 980

METHOD OF SURVEY.

In making a study of tliis kind it is highly important that average

conditions of the district be obtained. At the beginning of this par-

ticular investigation many orcharcUsts in the intensive commercial

apple-producing regions about Wenatchee, Olds, Monitor, and Cash-

mere were visited. In choosing the ranches from which records were

obtained no effort was made to select the seemingly better class of

orchardists. In order to make the data uniformly comparable, it was
imperative that the orchards chosen should contain trees of the same
bearing age; that the trees should be uniform and typical of the

region; that the orchard should contain only apple trees and not be

interset with peaches, pears, plums, or other fruit trees; that inter-

tillable crops other than cover crops should not be present; that the

orchard should be managed as the representative commercial apple

orchard of the valley; that if the trees were top-worked such trees

should have been worked over to the present variety for at least five

producing seasons, and that the manager, renter, or person doing the

work should have had supervision of the orchard for at least five years

so as to be conversant and thoroughly acquainted with the methods

of management, conditions, and yields of the orchard for such a

period.

Where conditions did not conform to these limitations, as a rule

data were not taken. Where any discrepancy arose after data had

' The north central Washington tree census for 1915—State department of agriculture.
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been taken, the records were not used in the final compilations.

After ehniinating the discrepancies there were 87 complete records

which fully met the specifications.

INVESTMENTS.

Estimates of the amount of capital invested were obtained from
each orchardist. This estimated value, in the majority of cases, was
the amount the rancher paid for the place, plus the value of such

improvements as he had made since the purchase. There were i few

ranchers who had owned their property before local land values had
advanced to any great extent. Most of these men based their esti-

mates on prices that at some time or other had been offered for their

holdings. These estimates were generally found to approximate

closely prices that had been paid for adjacent land in bona fide sales.

The values may seem high, but they represent actually what the

majority of men visited in this investigation either had paid or had
been offered for their orchards. In all probabiHty a lowej" valuation,

would be given now (1916).

As figured from the estimates of the 87 owners, the average total

investment per ranch is $20,974, while the average investment in

bearing apple orchards per ranch is $12,250. By giving each of the

87 orchards the same weight, that is, taking the estimated value of a

single acre of bearing apples as representative of each orchard, there

is an estimated average investment of $1,925 per acre for bearing

apples. The annual interest charge on this alone amounts to $154

per acre, at 8 per cent. (See Table III.)

Table III.

—

Average investment and average acreage "per ranch {87 ranches) in Wenatchee
Valley in 1914.

Average investment per ranrh '.

|20, 974. 00

Average investment per acre $2, 026. 00

Average size of ranch (acres) 11. 4

Average size of bearing apple orchard (acres) 6. 5

Average value per acre of bearing apple orchard $1, 925. 00

COMMERCIAL VARIETIES GROWN.

Over 60 varieties of apples are grown in Wenatchee Valley. In

some of the older orchards are found the Baldwin, Rhode Island

Gr(3ening, Northern Spy, Ben Davis, York Imperial, and other vari-

eties which arc of little commercial importjmco to the orchardists of

the valley. These varieties were planted })y the earlic/r pion(Hirs.

Tlu! ()ld<T commercial on^liards of the valley to-day contain for the

most part varieties suf.h as Win(«ap, Jonathan, I<]sopuM, nud Homo
Beauty. The Winesap, Jonathan, Stayman, Komo Beauty, together
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with the Delicious, have been planted to a considerable extent witliin

the last five years. Table IV gives the first 10 varieties, 10 years or

over, in order of their importance, and the first 10 varieties between
1 and 5 years of age in order of their importance, according to the

number of trees planted.

The trees in the valley were originally planted on the square,

diamond, or quincunx plan. The distances set varied from 20 by 20

feet to 28 by 28 feet. The majority were set from 20 to 22 feet apart

on these various systems.

Table IV.— Varieties ofapjiles in order ofnumber of trees planted. {Wenatchee Valley.^)

Trees 10 years of age or over.

Variety.

Winesap
Jonathan
Esopus
Rome Beauty
Stayman
Black Ben
Ben Davis
Yellow Newtown,
Black Twig
Arkansas Black .

.

Number.

28, 188

25, 142

17, 106

15,852
13,868
9,896
7,633
7,533
5,606
5,600

Trees between 1 and 5 years of age.

Variety.

1. Winesap
2. Delicious
3. Jonathan
4. Rome Beauty
5. Stayman...
6. Esopus
7. Winter Pearmain,
8. Banana
9. Black Ben

10. Yellow Newtown.

Number.

193,940
39, 597
25, 131

21, 126

19,491
9,851
4,030
3,408
1,939
1,226

1 North central Washington tree census for 1915.

Monitor, and Cashmere.
Trees planted in the vicinity of Wenatchee, Olds,

AGE AT WHICH APPLE TREES BEGIN TO BEAR.

Apple trees in Wenatchee Valley begin to bear fruit at an early

age. A number of estimates were obtained relative to the age that

different varieties would bear a box of marketable apples per tree.

There was some variation, owing to the many factors which were

considered. It was, however, not difficult to obtain this informa-

tion, for many orchardists had grown their trees or had come into

possession of them prior to the time they began to bear. There is a

considerable difference of opinion as to the exact order in which the

different varieties should be placed, but most orchardists agree that

the majority of the important commercial varieties under average

conditions in Wenatchee Valley will bear a box of marketable apples

per tree prior to 7 years of age. Table V gives the order, determined

as nearly as possible, in which they come into bearing.

Table V.

—

Ages within which commercial varieties may be expected to bear a box or

more of marketable apples.

5 to 7 years:

1. King David.

2. Missouri.

3. Jonathan.

4. Grimes.

5. Banana.

6. Stayman.

7. Winesap.

5 to 7 years—Continued.

8. Winter Pearmain.

9. Rome Beauty.

10. Black Ben.

11. Ben Davis.

12. DeKcious.

13. Arkansas.

7 to 8 years:

14. Esopus.

15. Yellow Newtown.
16. Arkansas Black.
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YIELDS.

Estimates of yields were obtained for a period approximating five

years. In presenting data of this sort it is highly important that the

yield should be considered over as long a period as possible in order

to obtain a fair average for a district. Where very few orchards are

over 11 years of age, as was the case in the valley at the time of this

study, it is impossible to obtain a sufficient number of comparable

yields for any period other than that represented by trees from 7 to

11 years of age, inclusive. The average estimate of all yields from

orchards between these ages was obtained and considered as a fair

average yield for the valley. In computing this average, each age

is given the same weight, regardless of the year in which a given

orchard might be a certain age. For example, yields on orchards at

the time they were 7, 8, 9, 10, and 11 years were averaged and this

average was used as the average yield for the vaUey. In this way
271 estimates were considered. Forty-seven were from orchards 7

years of age; 60 from orchards 8 years of age; 67, 9 years of age; 59,

10 years of age; and 38, 11 years of age. These estimates extended

over a period of 6 years; 8 of them in 1909, 34 in 1910, 61 in 1911,

71 in 1912, 75 in 1913, and 22 in 1914. Considering the factors

stated above, the average yield per acre of apple orchards in We-
natchee Valley with 81 trees per acre was 593 packed boxes.

There is a tendency in some apple-producing regions toward alter-

nate bearing, and many times frosts, winds, insect pests, and diseases

have an effect on the annual yield of the district, but by taking yields

over a period of years on trees which are representative of a district

it is possible to obtain an average yield which is accurate enough to

furnish a basis for such a study as is here presented.

There is no appreciable difference in yield between clean cultivated

and alfalfa orchards, nor could this be expected, since so few orchard-

ists had followed the cover-crop management for any considerable

period.

There is considerable difference in yield between different varieties,

and no doubt there is a difference in the number of boxes of extra

fancy, fancy, and choice grades which arc packed from an acre of

the difFcrcnt varieties. But no account was taken of this, for it was
the purpose of the investigation merely to arrive at the average

annual cost of producing apples, grown in wcll-managetl commercial

appl(! orchards of the valley.

LABOR.

The average si/e fruit ranch in (h(^ Wenatcliee district is such l^mt

most of the labor, except at fnifvcst time, may l)e done by the ranch-

ers or l)y members of tlicif I'iiniihcs. lint little outside labor is hired.

Labor when (^mploycid by tin; month is ])iii(l from !i|;;>5 to .150, varying

r,s,r,uu" I'.iiii.Mo 17 " 2
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with the privileges which are given. The following rates were paid
labor for various operations

:

Pruning $3. 00 to $3. 50 per day.

Packers 06 per box.

Packing and sorting 07 per box.

Thinning 2. 50 per day.

Man, team, and sprayer 1. 50 per hour.

- Picking 2. 50 per day.

Man and team 5. 50 per day.

Expert pruners receive from $3 to $3.50 per day, but as the ma-
jority of ranchers did this work themselves and were not considered

as expert labor in the same sense as a man who makes a business of

contract pruning, the pruning labor was figured at the regular rate of

$0.25 per hour.

The rate of $1.50 per hour for sprayer, man, and team is high, but
that was the rate paid by many of the growers who hired their spray-

ing. This did not include the material used.

ITEMS CONSIDERED IN COST OF PRODUCTION.

In considering in detail the cost of producing apples on the farms
studied the following classification of costs will be observed in this

discussion :

^

Maintenance costs:

Manuring.

Cultivation.

Pruning.

Brush handling.

Tnigation.

Tliinning.

Propping.

Spraying.

Cover crop.

Miscellaneous labor.

Handling costs:

Hauling box shooks.

Making boxes.

Handling costs—Contd.

Hauling empties to and

from orchard.

Hauling full boxes.

Foreman charge.

Picking.

Sorting, packing.

Nailing and stamping.

Labeling.

Material costs:

Box shook.

Nails.

Paper.

Label.

Material costs—Contd.

Lime-sulphur.

Lead-arsenate.

Manure.

Gasoline and oil.

Fixed costs:

Taxes.

Water tax.

Insurance.

Interest on invest-

ment.

Equipment charge.

Packing-house charge.

ORCHARD MANAGEMENT.

In the early days of orchard planting it was the object of the or-

chardist to obtain a vigorous annual tree growth. The soil at that

time contained enough plant food to give the desired results, with

the aid of sufficient irrigation water. The most intensive methods of

cultivation were followed; scarcely a weed was allowed to remain in

the orchards. This practice continued until the trees had borne a

few crops, when it became apparent that more humus-forming mate-

rial was necessary if the growth and productiveness of the orchards

were to be maintained.

1 No account is here taken of association or other handling charges such as storage and insurance. The
total costs represent all charges up to and including delivery at an association or shipping point.
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This condition led to the introduction of alfalfa, clover, and vetch

as a shade or mulch crop, until to-day there are nearly 4,000 acres in

alfalfa, 500 acres in clover, and 500 acres in vetch m the orchards of

north central Washington. Obviously, with the introduction of

these crops the method of cultural management gradually changed.

At the time of tliis investigation this change was being made, but the

new method had not been in vogue long enough, when records were
secured, for the most rehable results. Nevertheless the subject of

the management of such orchards is discussed briefly so as to show a

comparison of the different methods and the possibility of decreasing

the cost of production of the apple where the yields remain the same.

There are factors which may tend to show the impracticability of

Fio.2.—A 5-year-oId Jonathan orchard near Wonatchee in which clean cultivation has always been
practiced.

introducing a mulch crop, but at present it seems that yields can be
kept normal by a resort to this expedient, and that at the same time
the amount of hibor involved in the care of the orchard can be
decreased.

However, tliis Inilhdin deals primarily with the cost of producing
apples in the bearing orchards studied where clean cultivation is prac-

ticed.

c;lean cultivation.

It Is the common practice in all irrigated regions (o Ix'gin the sea-

sonal preparation of the soil by plowing or disking in the fall or spring.

It is tlic purpose; of th('S(! ojX'rulions to ])ut the. soil in a condilion to

farilifiite the use of tlic spring-tooth and t\w spike-tooth harrow,

the cultivator, and the float. It is usually ])ossible to begin the cul-

tural work on the soil before the middle of April. (See fig. 2.)
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Of the 57 ranchers who practiced clean cultivation, 28 began th«

seasonal preparation of the soil by the use of the plow, 25 by the

disk harrow, 3 by the cultivator, and 1 by the spike-tooth harrow.

Of the 28 who plowed, 15 did so in the fall and 13 in the spring.

Not all of these orchardists, however, plow every year. Nineteen

plow every year, 8 every two years, and 1 every three years.

Following the plowing or disking, cultivations are given previous

to the first irrigation. All orchardists who follow any method of

clean cultivation do some cultivating previous to the first irrigation.

Following these first cultivations, which are usually between April 1

and May 15, the orchard is furrowed preparatory to the first irri-

gation. Furrowing is locally known as ''creasing." Cultivations

are usually given after irrigations until the middle of the summer, or

until the weight of the fruit bears the limbs down so that further

cultivation is impracticable. If at any time there is a rain heavy

enough to pack the soil, a cultivation is usually given. Not all

orchardists, however, cultivate after each irrigation. (See Tabla VI.)

Table VI.

—

Analysis of operations in clean cultivation.

Operation.

Plowing
Cultivation:

Total
Before first irrigation
Following first irrigation. .

.

Following second irrigation.
Following third irrigation .

.

Following fourth irrigation.
Following fifth irrigation. .

.

Creasing:
Total
Before first irrigation
Before second irrigation
Before third irrigation
Before fourthirrigation
Before fifth irrigation
Before sixth irrigation

Orchardists who
perform each
operation.

Number.

28

Per cent
of total.

100.00
91.23
63.16
31.58
3.51
1.76

Man.

Hours
per acre.

2.91

21. 36
11.96
4.69
3.25
1.28
.13
.05

4.24
1.51
1.39
.93
.35
.04
.02

Per cent
of total

time.

100. 00
55.99
21.96
15.22
5.99
.61
.23

Horse.

Hours
per acre.

5.35

38.98
22.26
8.57
5.58
2.30
.18

6.48
2.34
2.14
1.34
.55
.06
.05

There appears to be no particular sequence in the use of the cultu-

ral implements. The exact method by which desirable conditions

of tilth are secured is in part dependent upon the local soil and cli-

mate and in part upon the individual conception of the orohardist.

There enters here, however, the proper study of the soil with which
each grower has to deal, the behavior of the trees, and the condition

of the fruit. Early plowing and maintenance of a good soil mulch
are of great advantage in retaining the moisture in the soil during

the growing season. (See Table VII.)
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Table VII.

—

Number of tivies various implements are used in the 57 clean-cultivated

orchards.

When used. Plow.
Disk

harrow.

Spring-
tooth
harrow.

Spike-
tooth

harrow.

Culti-
vator.

Float.

Previous to first irrigation.

.

Following first irrigation
Following second irrigation.
Following third irrigation .

.

Following fourth irrigation.

Following fifth irrigation. .

.

There are many factors which may affect the tim.e required for the

various operations. Among these are number in crew, time of year,

topography, type and condition of soil, kind of cover crop, if any,

depth to which implements are worked, and kind and size of imple-

ment used. (See Table VIII.)

Tablk VIII.

—

Average time required and cost per acre for various cultural operations on
farms studied in Wenatchee Valley.

Implement. Width of imple-
ment.

Number of-

Men. Horses.

Acres
per 10

hours.

Cost per
acre.

Plow
Disk harrow
Spring-tooth harrow.
Spike-tooth harrow.

.

Cultivator
Float

12 inches.
5 feet

6feet
7 feet

10 to 14 feet.

1.49
4.46
5. 90
9.60
6.30
7.50

$3. 679
1.232
.932
.572
.873
.733

Considering all records, regardless of number in crew, or kind or

size of implement used, a total of 21.36 man-hours and 38.98 horse-

hours per acre was chargeable for aU cultivation, exclusive of plowing

and creasing, or a per acre cost of S11.19. Considering all cultural

operations, including plowing and creasing, there was a total charge

of §14.75 ])n- acre.

MANURING.

In tlic early days of orchard planting throughout the valley, the

trees made a luxuriant growth, and at the time that tliey came into

bearing ga^e a good crop, which did not seem to affect the physical

condition of the tree the year following. It was the impression that

this virgin soil contained an ubundaiice of plant food, so that the need
of returning fertility to the soil was not felt. Later, liowever, this

valley gained some valuable lessons from the experience of other

northwestern sections, and many orcjuirdists Ix'gan to apply nianui-e.

Inasmuch as the average rancli throughout the valley is small, the

grower usually having only one or two horses and in some instances

a cow, not enough manure is produced to make a thorough application

each year to the entire orchard.
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Of the 87 ranchers from whom records were taken, 49, or 56 per cent

of the total number, appHed each year the httle manure produced on

the place. This amounted to about 4 tons per acre, which was usually

apphed directly from the wagon by one man with two horses, covering

1.44 acres in 10 hours. This is not efficient work as compared with

results on farms where large quantities of manure are handled annually.

This inefficiency may be due in part to difficulty of spreading manure
in orchards planted very closely together, but it can be more generally

attributed to the fact that the manure is not apphed during a rush

season, hence the grower takes his time. Where all records are con-

sidered, regardless of crew or method of handling, there is an average

labor cost for applying manure of $2.27 per acre.

PRUNING.

Pruning is an annual practice of all orchardists in the valley. It is

usually done during the dormant condition of the tree, in the late fall

or early spring. However, some men practice summer pruning ; if so,

it is generally done as a supplement to winter pruning.

There are many factors that influence the number of trees that may
be pruned in 10 hours. The more important of these are the age of

the tree, the variety and habit of growth, the height and shape of the

tree, the distance apart, the efficiency and skill of the pruner, the

previous method of pruning, and the amount of work to be done.

Considering the average number of trees per acre as 81 and 19.3

trees as the average number of trees pruned per 10-hour day, there

will be an annual charge of 40.31 man-hours per acre, or a cost of

$10.08.
HAULING BRUSH.

In connection with the aimual pruning of the orchard, the dispo-

sition of the brush takes more or less time. This operation is usually

done either by two men and two horses or by one man and two horses.

(See Table IX.)

The brush is often gathered in the center of the tree rows at the time

of pruning or after pruning. This makes it much easier to handle the

brush quickly. As a general rule, however, a crew of two men and
two horses with a wagon wiU pass between the tree rows, the men
gathering the brush on either side of the wagon, and hauling it to some
convenient place and burning it, either at once or later in the season

when the brush has dried. The trees are so young and the pruning

generally has been so well done that there is a very small amount of

large wood, so that practically very little trimming up of the pruned
wood is necessary.

Considering the number of man-hours and horse-hours required

for this operation, and assuming that the amount of brush was the

same in each mstance, it appears from Table IX that the most econom-
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ical way to remove brush is by the 2-inen and 1-horse crew. How-
ever, as there are only five records of this method, this result can

not be taken as conclusive.

Table IX.

—

Average number of acres of brush removed by different creivs in 10 hours.

Number
of

records.

Number of

—

Acres
per 10

tours.

Cost per
acre.

Men. Horses.

43
25
9

5

2

1

1

2

2

2

1

1

1.56
.93
.90

1.50

$5.12
5.90
4.43
4.34

Considering all records, there is an annual charge of 11.86 man-
hours and 14.46 horse-hours per acre for handling the brush, at a

cost of S5.14 per acre.
FURROWING.

Furrowing, or "creasing," is a practice of making small ditches for

distributing water for irrigation. The cultivator and the shovel

plow are the implements most commonly used for this operation.

In clean cultivation furrows are made just prior to the time of irriga-

tion. All orchardists furrowed once; 91 per cent, twice; 63 per

cent, three times; 3H per cent, four times; and 3 J per cent, five

times. Most alfalfa orchardists furrowed but once, just after the

spring cultivation. A few of the alfalfa orchardists made a practice

of cleaning out the furrows following the harvesting of alfalfa.

Usually a 6-foot cultivator with three shovels attached, one at either

end and one in the middle, is used for making furrows. Four to six

furrows, varying in depth from 4 to 6 inches, and approximately 3 feet

apart, are usually made between tree rows.

A crew of one man and two horses with the 6-foot cultivator,

making the usual number of furrows—six between rows—covered 8.3

acres per day, at a labor cost of 66.3 cents per acre. A crew of one
man and one horse with the shovel plow, making the usual number
of furrows—five between rows—covered 5.15 acres per day, at a

lub()r cost of 77.6 cents per acre. (See Table X.)

Table X.

—

Average time and cost of m/ilcing farrows in clean-cultivated orchards with the

6-foot cultivator or the shovel plow.

ImplemeDt.

Number of—
Acres per
10 hours.

Man-
houns

per acre.

Ilonse-

hours
per acre.

Co.st per
acre.

Men. Horses.

M'xA cultivator 1

1

2

1

8.3
6. l.-i

1.204
1.04

2.408
1.94

$0 003
.770
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In making furrows in alfalfa orchards the shovel plow is most fre-

quently used. For the 30 records under consideration, 19 used the

shovel plow, 1 1 with 1 horse and 7 with 2 horses ; 8 used the culti-

vator, and 3 used miscellaneous tools. A crew of 1 man and 1 horse,

using the shovel plow, making the usual number of furrows—five

between rows—covered 5.02 acres per day, at a cost of 79.7 cents per

acre; while a crew of 1 man and 2 horses with the shovel plow aver-

aged 4.9 acres in 10 hours, at a cost of $1.12 per acre. Where the

6-foot cultivator was used, 7.57 acres, on an average, were covered

per day at a cost of 72.7 cents per acre. (See Table XI.)

Table XI .^

—

Average time and cost of maTcing furrows in cover-crop orchards with the

6-foot cultivator or the shovel plow.

Implement.

Number of—
Acres per
10 hours.

Man-
hours

per acre.

Horse-
hours

per acre.

Cost per

Men. Horses.
acre.

1

1

1

2
1

2

7.67
5.02
4.90

1.32
1.99
2.06

2.64
1.99
4.12

$0,727
.797

Do .- 1.120

IRRIGATION.

In the Wenatchee Valley the supply of water for irrigation pur-

poses is obtained principally from the Wenatchee River and its tribu-

taries. It is distributed at altitudes a little above the location of the

orchards through several irrigation ditches, thence to the orchards

through laterals. These laterals may be open ditches, wooden
flumes, or pipes. The water is delivered from the laterals to the

farm. At the point of delivery on the farm, the water received is

distributed either into earth head ditches, small wooden flumes, or

pipes, and from these it is distributed by means of furrows through-

out the orchard. Along the earth head ditches small wooden spouts

are placed at intervals to regulate the flow of water into the furrows.

Tlie wooden flumes receiving the water from the laterals are usually

about 6 to 8 inches in width at the bottom, having sides 6 to 8 inches

in height, with auger holes at regular intervals through which the

water passes into furrows. Small metal slides or pieces of lath are

placed over the auger holes for the purpose of regulating the amount
of water passing into the furrows. Where the water is piped into

the orchard, there are usually placed at points opposite each tree row
small standpipes with garden valves, which deliver the water di-

rectly into the furrows.

In regions where the supply of water is limited, the furrow system

seems to be the most satisfactory means of distributing the water.

This is practically the universal method for irrigating orchards

throughout the Northwest.
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The operation of turning the water on the land is termed a ''set."

It may be necessary if the head of water is small to make several

changes or ''sets" before the entire area is irrigated. Tliis is usually

the case, especially where the orchard tracts are large. For this

reason the orchardist turns the whole of the head into a few furrows

and allows it to run from 12 to 72 hours, varying with the type and

condition of the soil. The water is allowed to run until, by a slow

lateral movement, it has thorouglily saturated the soil between the

furrows. As a rule the rancher judges merely by the surface condi-

tions of the soil as to when sufficient saturation has taken place.

When he finds that the area has become well saturated, he turns the

water into another portion of the orchard, and so on until the entire

area is irrigated.

Many factors affect the time and labor of irrigation. The principal

ones are: Water head; contour of land; method of dehvery, whether,

open ditch, flume, pipe, or faucet; number, length, and depth of fur-

rows; kind of soil; physical condition of soil; cultural method; atmos-

pheric conditions; gophers.

On the average, four irrigations are made in Wenatchee Valley

annually. The first irrigation is usually made between the 1st and
loth of May, the second between the 1st and 15th of June, the third

between the 1st and loth of July, and the fourth between the 1st and
15th of August. In some instances irrigations are made as early as

April and as late as the middle or latter part of September. There

are a few orchardists who make as many as nine irrigations.

There is practically no difference in the time required for irrigating

the alfalfa and the clean cultivated orchards. On those farms

studied in the vaUey, the average number of man-hours per season

necessary to irrigate an acre of clean-cultivated orchard was 34.37,

making a labor cost of $8.59, while the average time necessary to irri-

gate 1 acre of an orchard in alfalfa was 35.66 man-hours, making a

labor cost of 88.92.
THINNING.

Practically every orchardist in the valley thins his fruit. Thinning
is very important, and the quality of the fruit which matures depends
to a groat extent ujx)!) the amount of thintiing done. Tliero are some
varieti(!S which niquins more thinning (,luui others. The Missouri

W^agcner, Grimes, YeUow Newtown, and King David arc vauoties
which p(!rhups demand more thinning than any otliers in order to
produfc a fniit of marketable size. This (binning is gonorally doTio

after what is known as Ihit "Jiumi drop/' when the apples begin to

approach the size of u walnut. Many times it is inip()ssi])l(i to get aU
th(5 thiiniing douc. ut this i'liuo, othcw o[)(iration,-i interfering,

.'.sni);)"— r.iiii. 4-u>—17 .'{
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Many men thin two or thxPee times dm"ing the season. The size and
age of the tree have considerable bearing on the length of time required

for this operation.

There are two methods of thinning used in the valley, with shears

and by hand. The length of time required for each of these methods
is affected not only by the efficiency and experience of the operator

0. Center-pole-and-wire prop. D. Single-pole prop.

Fig. 3.—Four methods of propping apple trees in Wenatchee Valley. The single-pole prop is most com-
monly used.

but by the density of the foliage and the equipment which it may be

necessary to use on account of the size of the tree.

In some seasons it is of course necessary to thin more heavily than
in other seasons. When a large crop is expected heavy pruning is

done the winter before, and in that way some of the work of thinning

is obviated. Under normal conditions the trees of the valley usually

bear a heavy crop every other year.
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The factors which, appreciably affect, the time required for thinning

may be summed up as number of trees per acre, variety, size of tree,

age, method of pruning adopted, water supply, soil condition, method
of thinning (by shears or by hand), density of foliage, equipment,

hail, tendency to alternate bearing, and the quantity of fruit removed.
Considering all records, the average time per acre required for this

operation was 53.29 man-hours at a cost of $13.32.

PROPPING.

The regularity of the apple crop in the valley necessitates the

practice of propping annually. This is done any time thi'oughout the

growing season when the weight of the fruit bears the limbs down so

"tf
¥

?
.

1fn 1

ii3#yai

1
Fig. 4.—Thecent,(;r-iioi(!-:in(i-\viro method of propping. ' This tree is a 3-year Winesap graft on a 5-year-ol(J

Wagener stock.

that there is danger of their breaking. Four methods of propping are

used by the orchardists: The ccntor-ring-and-wire, the cross-wire,

the conter-pole-and-wire, and the single-pf)lo pro]).

In the center-ring-and-wire method (A, fig. 3) screw eyes are placed

in the main limbs at some distance above the crotch of the tree.

Wires are attached to the screw oyos and brought to a ring placed

approximately in the center of the tree. This holds the tree in shape
and prevents the l)reakirig of the limbs at the time when the crop is on.

In the cross-wiro method (B, fig. 3) screw eyes are i)laced in tlio

main limbs at some distance a])Ovo the crotch. From each screw eye
a wire extends and is attached to a limb opposite^ or nearly so. This

answers the same purj)Oso as the former method.

in the center-pole-aiid-wire method ((', fig. 3) screw oyos are j)lacod

in the main limT)s, to which aj-e attached lof)g strands of wire. At
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the end of each strand is a loop which is placed over a nail driven in

the end of a pole. This pole is raised to a position nearly parallel to

the trimk of the tree and set. This draws the wires tight, holds the

tree in shape, and prevents the hmbs from breaking. (See also fig. 4.)

The single-pole prop method (D, fig. 3) is most common. This

single pole usually consists of a 1 by 2 inch or 1 by 4 inch pine strip

varjdng in length as conditions demand. The 8 to 12 foot lengths are

most commonly used. These props are usually sharpened at one'

end so as to make it easy to place them in the ground. TTie end which

is to hold the limb is V-notched or small lath strips are tacked on each

side of the prop, practically forming a notch.

There are three methods of single-pole propping in common use.

First, one crew may haul and scatter the props through the orchard

while another .crew sets them up (A, Table XII); second, a crew

may haul the props out and set them as they go (B, Table XII);

third, the props may be hauled out and set up as needed (C, Table

XII). Sometimes an orchardist may carry out and set them as

needed.

The time required for this operation is no doubt more variable than

that for any other operation.

Table XII.

—

Average time per acre required on farms studied for propping with the

single-pole prop used in three ways.

Number of—
Acres
per 10

hours.

Per acre.

Operations.

Men. Horses.
Man-
hours.

Horse-
hours.

Cost.

Method A:
Hauling to orchard 1

1

1

2 4.56
.596

4.60

2.19
16.81
2.17

4.38 SI. 205
4.203

Hauling from orchard 2 4.34 1.194

Total 21.17 8.72 &602

1

1

1

1 5.58
.694

5.58

Methods:
Hauling to orchard 1.79

14.40
1.79

1.79 .716
3.60

Hauling from orchard 1 i.79 .716

Total 17.98 3.58 5.032

1

1

2
2

.878
4.42

Method C:
Hauling out and propping 11.39

2.45
22.78
4.90

6.265
1.348

Total 13.84 27.68 7.613

All records considered, there is an acre charge of $6.36 for propping.

SPRAYING.

All orchardists in the valley spray annually, reahzing the vital

importance of a thorough and systematic apphcation of spray mate-

rials to insure the production of marketable apples.^

1 Since the investigation, other diseases and insects have caused some change in the spray calendar in the

Wenatchee Valley.
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The spray outfit usually consists of a 2^ to 3^ horsepower gasoline

engine and a 150 to 250 gallon tank mounted on a truck. Two 50-

foot lengths of spraying hose, with 8 to 10 foot bamboo extensions and
nozzle attachments, complete the outfit. A single nozzle is most
commonly used with each hose. Only a few of the outfits carry a

spray tower. Not every orchardist owns ,an outfit. Some own a

share in an outfit, while others hire their spraying done. When
the spraying is hired, a man with team and sprayer receives $1.50

per hour, the orchardist furnishing the material.

The first appHcation of spray is made when the trees are dormant,

the second when 75 to 90 per cent of the petals have fallen, the third

two to three weeks following the second, and the fourth during the

latter part of August or the first of September.

The first, or ''dormant," spray is made with a lime-sulphur solu-

tion, during a period of cahn weather soon after the snow disappears

from the ground. Commercial lime-sulphur is usually used for the

"dormant" spray with a 1 to 10 solution; i. e., 1 part of lime-sulphur

to 9 parts of water. It is usually made from March 10 to April 10;

the greater part of the work, however, is done from March, 20 to

April 10, at which time the leaf buds are beginning to burst. A
coarse spray is applied with Bordeaux nozzles, a pressure of 150 to

175 pounds being maintained. Some orchardists do not make the

winter lime-sulphur spray each year. Of the records considered, 81

made this an annual practice, while 6 used this spray every other year.

A crew of 3 men and 2 horses is most commonly used, although there

were a few 1-man and 2-horse, 2-men and 1 -horse, and 2-men and
2-horse crews. A crew of 3 men and 2 horses wiU spray 3.51 acres

in 10 hours, applying 6.1 gallons per tree, or 491.1 gallons per acre.

(See Tables XIII, XIV, XV, XVI, and XVII.)

Table XIII.—Acres sprayed in 10 hours and amount of material applied per tree hy a
3-man and 2-liorse erew.

Item.

Acres per 10 hours.
Galloiu per tree . .

.

Material.

Lime-
sulphur.

3.51
6.1

First
load-

arsenate.

3.35
6.7

Second
lead-

arseiiate.

3. 59
6.2

Third
lead-

arsenate.

3.64
5.9

Th(! first codling-moth, or lead-arscnato, spray is applied when 75

to 90 per cent of tlie pcitals have fallen. All orchardists make tliis

spray. A fine spray is used and a pressure of from 180 to 250 pounds
is muiniuiu(!(l. It is tJie pnrposci to force this spray well hito tlie

fidyx f(jr future protection of the apph; against the work of the
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codling-moth larva. A crew of 3 men and 2 horses will spray 3.35

acres in 10 hours, applying 6.7 gallons per tree, or 539 gallons per

acre.

The second codling-moth spray is usually apphed from May 20 to

June 1 . The Bordeaux or Vermorel nozzles are used with a fine spray,

and a pressure of from 150 to 175 pounds is maintained. It is the

purpose of this spray to cover the small apples with material for

protection against the first brood of codling-moth larva, which begins

to appear at this time. A crew of 3 men and 2 horses will spray on

the average 3.59 acres in 10 hours, applying 6.2 gallons per tree, or

505 gallons per acre.

The third codling-moth spray is usually applied from July 20 to

July 31. The Bordeaux or the Vermorel nozzle is used with a fine

spray, and a pressure of from 150 to 175 pounds is maintained. It

is the purpose of this spray to cover the apples with material for

protection against the codhng-moth larva. The second brood of

larva is usually hatching at this time. A crew of 3 men and 2 horses

will spray 3.64 acres in 10 hours, applying 5.9 gallons per tree, or 478

gallons per acre.

Table XIV.

—

Labor and material costs per acrefor spraying where a crew of 3 men and 2
horses is used.

Kind of spray.

Per acre Gallons.

Number
of

growers. Man- Horse- Labor Per Per Per
hours. hours. cost. day. acre. tree.

69 8.79 5.86 83.08 1,734 494 6.1
76 8.95 5.97 3.13 1,804 539 6.7
55 8.34 5.56 2.92 1,812 505 6.2
44 8.24 5.49 2.88 1,740 478 5.9
3 9.66 6.44 3.38 1,743 561 6.9

Mate-
rial cost
per
acre.

Lime-sulpbiu- 1

First lead-arsenate 2.

Second lead-arsenate
Third lead-arsenate..
Fourth lead-arsenate

2.15
2.02
1.91
2.24

1 Lime-sulphur, strength 1 to 10.

- Lead-arsenate, strength 2 pounds to 50 gallons of water.

There are a few orchardists who make a fourth lead-arsenate spray

the latter part of August or the first of September.

Lead-arsenate is used with a strength of 1^ to 2 pounds of material

to 50 gallons of water in all codling-moth sprays.

Of the 85 records considered in spraying, 84 made the "dormant"
lime-sulphur spray; 22 made only the first codling-moth spray; 22

made only the first and second codling-moth sprays; 37 made the

first, second, and third codling-moth sprays; 4 made the first, sec-

ond, third, and fourth codling-moth sprays. In aU sprays con-

sidered, there was an average of 81 trees per acre, with an average

age of 11.5 years.
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Table XV.—Labor costs per acre for spraying, all records, regardless of crew used.

Number
of

growers.

Number
making
spray.

Cost.

Kind of spray.
Per
acre.

Per
tree.

Per
box.

Lime-sulphur 85
85
85
85
85

84
85
63
50
4

$2.84
3.07
2.12
1.68
.15

First lead-arsenate
Second lead-arsenate . ....
Third lead-arsenate
Fourth lead-arsenate

1

9.86 $0. 1217 SO 0166

Numerous factors influence the cost of spraying. The variety and

size of trees and their distance apart, the character and the contour

of the land on which the spraying is done, the convenience of facili-

ties, the purpose of the spray, condition and kind of material used,

the thorouglmess of the work, and whether the trees are dormant,

partly or wholly in foliage, all have their bearing on the time re-

quired for the spraying operation. The average cost for spraying

where all records are considered is $13.15 per acre for material and

S9.86 for labor, or a total of $23.01 per acre. (See Tables XVI
and XVII.)

Table XVI.

—

Material costs per acrefor spraying, all records.

Number
of

ranchers.

Number
making
spray.

Gallons
material
per acre.

Cost.

Kind of spray.
Per
acre.

Per
tree.

Per
box.

85
85
85
85
85

84
85
63
50
4

467
623
362
275
25

$8.41
2.09
1.45
1.10
.10

Second lead-arsenate
Third lead-arsenate
Fourth lead-arsenate

Cost when all sprays are used 13.15 $0. 1623 $0. 0222

Taui.k XVII.

—

Total cost per acre of bihor and materials for spraying all orchards.

Number
of

growers
spray-
ing.

Total
co.st.

Cost per acre.

Total
cost

per tree.

Total
Kind of .spray.

Labor.
Mate-
rial.

co.st

per box.

84
a5
6.-)

.50

4

$11.25
5.16
X 57
2.78
.25

$2.84
3. 07
2.12
1.68
.15

$8.41
2.09
1.45
1.10
.10

First lea^l-arnemite

Third )ea<l-arscnate

Fourth lead-antenAte

Average cost (or spraying 23. 01 9.86 13.15 $0,284 $0. 0388
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MISCELLANEOUS LABOR.

There are many items of labor which in themselves do not appear

to amount to a great deal, but in the aggregate take considerable

time and make a cost which is recognized by many ranchers. Allow-

ing these smaller needs or demands of the ranch to go unheeded for

too long a period may later mean much expense of labor and money.
The principal items considered under this head are painting

wounds where large limbs are removed from the trees, removing

water sprouts, cleaning irrigation lateral ditches, and hoeing around

the trees. These, together with a few others, make a miscellaneous

labor charge per acre of 9.06 man-hours, or a cost of S2.27. (Table

XVIII.)

Table XVIII.

—

Labor and cost chargeable per acre prior to harvest on orchards under clean
cultural management {57 ranches).

Operation.

Hours per acre. Cost per acre.

Cost per

Man. Horse. Man. Horse. Total.
box.

Cultivation 28.52
34. 37
4.32
40.31
11.86
19.01
63.29
8.13

19.99
9.06

50.82 $7.13
8.59
1.08

10.08
2.97
4.75

13.32
2.03
5.00
2.27

S7.62 S14. 75
8.59
2.27
10.08
5.14
6.36

13.32
2.84
7.02
2.27

Irrigation
Manuring 7.92 1.19
Priming
Hauling brush 14.46

10.73
2.17
1.61Propping

Thinning
Spraying (lime-sulphur) 5.42

13.45
.81

2.02Spraying (lead-arsenate)
Miscellaneous . .

.

Total 228. 86 102. 80 57.22 15.42 72.64 SO. 1225

MULCH CROPS.

At the time these studies were made there was an increasing

tendency to put down the orchards to alfalfa or some other legume.

An indication of the cost of operation on 30 ranches under this

management is given here.

Most alfalfa orchardists begin the cultural work on their orchards

by a thorough use of the disk harrow as early in the spring as soil

conditions permit. It is the purpose of this disking to split and

spread the crowns of the plants, thus causing them to stool and send

out new plants. The spike-tooth or the spring-tooth harrow and

the float are used following the disk harrow, to fine and level the

soil, making it more fit for plant growth and bringing it into shape

for irrigation. Following this cultivation, furrows, or creases, are

made for irrigation with a shovel plow or 6-foot cultivator. A few

of the men plowed the alfalfa under once in three or four years and

then reseeded it, but this is the exception. (See Table XIX.)
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Table XIX.—Man and horse hours chargeable per acrefor cultivation in alfalfa orchards.

Number of

records.

Plowing. Disking. Cultivating. Furrowing. Total.

Man. Horse. Man. Horse. Man. Horse. Man. Horse. Man. Horse.

30.
Hours.

1.03
Hours.

2.06
Hours.

5.65
Hours.
10.86

Hours.
2.97

Hours.
5.16

Hours.
2.09

Hours.
3.39

Hours.
11.74

Hours.
21.47

Many times, in order to facilitate irrigation, it is necessary to do

other labor in the orchard, such as hand hoeing and locatmg the work

of gophers. Such items were taken into aocomit under miscellaneous

labor. Five irrigations, on an average, were made in alfalfa orchards.

Alfalfa orchards required more water than the clean-cultivated

orchards; nevertheless, the average time per acre for labor connected

with irrigation was not much more than in the clean-cultivated

orchards.

Twenty of the orchards under alfalfa management were mown, on

an average, twice. (See Table XX.)

Table XX.— Man and horse hours chargeable per acrefor harvesting alfalfa.

Number of records.

Mo\\'ing. Rake and pile. Hauling in. Total.
Yield

Man. Horse. Man. Horse. Man. Horse. Man. Horse.
acre.

20
Hours.

6.62
Hours.

3.13
Hours.

4.64
Hours.

0.96
Hours.

5.38
Hours.

5.58
Hours.
16.64

Hours.
9.67

Hours.
1.01

The figures secured indicate a cost of $11.77 per acre for cultivation

and harvesting of the alfalfa crop. The total cost per acre for culti-

vation in orchards under clean-cultivation management was $14.75,

giving a difference of $2.98 in favor of the orchards under alfalfa

management. There is, however, in aKalfa orchards a cost of $8.92

per acre for irrigation, or $0.33 mor<^ than the average cost per acre

for the same imder clean-culture management, which would, there-

fore, make the difference of only $2.65 in favor of the latter. But
considering tli<i yield of 1 ton per acre of alfalfa valued at $9 per ton,

there would appear to bo a total difference of $11.65 per acre, or

practically $0.0196 ])rr box, in favor of the orchards under alfalfa

manag<rm(^nt. fS<!<', Table XXI.)
Owing to the fact that so few have been in alfalfa for any length of

time and that the manag<iment of these orchards was more or ]<iss in a

transitory state, it was inipossibl<'. to obtain adetjuate coniplele data

on this siibj<'.r,t. A mon^ extend(Ml investigation would bo necessary

to d<it<'nnin(', tlui relative rmirit.s of the two m<>.thods of management.
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Table XXI.

—

Labor and cost chargeable per acre prior to harvest on orchards under
mulch-crop management {30 ranches) .

^

Operation.

Cultivation
Irrigation
Labor on miileti crop
Manuring
Pruning
Hauling brush
Propping
Thinning
Spraying (lime-salphur) .

Spraying (lead-arsenate).
Miscellaneous

Total.

Hours per acre.

Man.

11.74
35.66
16.64
4.32

40.31
11.86
19.01
53.29
8:13
19.99
9.06

230.01

Horse.

9.67
7.92

14.46
10.73

5.42
13.45

83.12

Cost per acre.

Man.

S2.94
8.92
4.16
1.08

10.08
2.97
4.75
13.32
2.03
5.00
2.27

57.52

Horse.

$3.22

1.45
1.19

2.17
1.61

.81
2.02

Tota,l.

16.16
8.92
5.61
2.27
10.08
5.14
6.36
13.32
2.84
7.02
2.27

Cost per
box.

$0. 1029

1 All items of labor, except cultivation, irrigation, and labor on mulch crop, are the same as under clean-
cultural management. A credit of S9 is given for 1 ton of alfalfa per acre.

HANDLING THE CROP.

Handling the crop includes all harvesting labor necessary to dehver

the packed box to a local association or a railway station. This labor

consists of hauling apple-box shooks to the ranch, making the apple

box, picking, hauling empty and full boxes to and from the orchard

during harvesting, all packing-house labor, and the dehvery of the

packed box to the local association or the railway station. The
total handling charges are about 23 per cent of the total cost of pro-

duction. The various steps in the handling of the crop will be dis-

cussed in the usual order of their occurrence. All apples for shipment

are packed in the standard Northwest box, the inside measurements

of which are 10| by 11 J by 18 inches.

HAULING SHOOKS.

In preparing for harvest the orchardist usually hauls a part or

all of his box shooks to the ranch the latter part of the summer
previous to the beginning of harvest. Many orchardists haul a por-

tion of their shooks on return trips from hauling packed boxes to the

shipping point during harvest time. Some buy box shooks on contract,

delivered at the ranch. Others buy them and pay a stipulated price

for delivery. This price of course varies with the distance the shooks

are hauled. A crew of 1 man and 2 hoi"ses will haul approximately

477 box shooks a distance of 1.83 miles in two hours. The average

cost per mile per shook for hauling is $0,002 and the average distance

hauled is 1 .79 miles. A crew of 1 man and 1 horse is sometimes

used for hauling shooks, but there were not enough records of this

method to give a reliable average.
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BOX MAKING.

The boxes are usually made by the orchardist and members of his

family if the number necessary for the crop is not too large. Where
boxes are made by contract there is a charge of $0.0075 to SO.Ol per

box.
PICKING.

Picking is usually begun on the Jonathans about the 1st of Septem-

ber and ends with the Winesaps along in November. Picking is

done by hand into buckets of various kinds. The galvanized one-

half bushel bucket is most common, although some use a galvanized-

iron bucket with a canvas bottom which may be opened to allow the

Fig. 5.—Picking Grimes Golden apples. Showing one type of ladder used for picking in the valley.

fruit to pass into a picking box without injury. The pickers ordi-

narily work from orchard ladders and stepladders varying in length

from 8 to 10 feet, (See fig. 5.) On account of the size of the trees,

it is seldom necessaiy to use a ladder over 14 feet in length. Some
varieties are picked two or three times. Where ripening is irregular

among the red varieties, orchardists pick the apple when it approaches

a correct stage of ripeness and lias obtained the proper color. It is

not customary to pick a])pl*'S })y.c()ntractperbox. All picking is done

})y day labor at from S2.25 to $2.50 per 10-hour day. The apples

wlicn picked ar(^ plnced in packing boxes which previously have been

sralterf'd at conveni(!nt p]af;es throughout the orchard. Tlic average

picker will pick from 50 to 80 loose boxes per day. The average for

all records was 71.0 loostr })oxeH, or 40.73 packed boxes, pci" H)-]iour

day, ut a cost of S0.0503 per packed })o\.
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HAUUNG APPLES TO PACKING SHED.

Prior to and during the picking season empty boxes are hauled and

scattered at convenient places for the pickers throughout the orchard.

The boxes in which the apples are placed to be hauled to the packing

shed are the same or similar to the ones in which the apples are packed.

A wagon or sled with one or two horses is used in hauling the boxes

to and from the orchards. A crew oi 1 man and 1 or 2 horses is

generally used for hauling the apples. (See Table XXII.)

Table XXII.

—

Cost of hauling to packing house under different methods.

A.—SLED.

Number of—
Hours
per load.

Loose
boxes
per load.

Cost per
packed
box.Men. Horses.

1

1

2

1

0.54
.403

30.2
15.6

$0. 0147
.0155

B.—WAGON.

1

1

2
1

.0.745

.675
42.2
29.5

SO. 0146
.0137

1

Regardless of crew with wagon or sled, the cost per packed box of

hauling boxes to and from the orchard is $0.0144.

PACKING.

All apples are usually packed in a packing house, a barn, or a shed

ordinarily used for. other purposes. (See fig. 6.) But little sorting,

grading, and packing is done in the" orchard. All fruit is packed as

soon as possible after it is picked. An occasional grower may store

a few of the late varieties in a cool place and pack them during the

winter.

The size of the crew employed in the packing is usually governed by
the size of the crop. As most of the orchards are small, much of the

work is done by the orchardist and members of his family. Where
the orchards and crops are large it is necessary to employ several

sorters and packers, with the necessary additional help. In the larger

packing houses there are usually employed men whose duty it is to

supply the packers and sorters with boxes, paper, and fruit, and to

carry away the packed boxes. These "waiters" deliver the fruit to a

man, who nails and stamps the box. Where there are a small number
of packers and sorters one man may wait on the packers and do the

nailing.
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All fruit is sorted : sometimes by the men as they pack, sometimes

by a person especially employed for this purpose. The sorters

usually sort the fruit from the loose boxes into three grades: Extra
Fancy, Fancy, and Choice. The culls are thrown into boxes close

at hand. In some instances the fruit is placed on canvas packing

tables and sorted in a similar manner. Some of the growers who har-

vest the largest crops use mechanical sizers, but when this investiga-

tion was made so few men had adopted this method of sizing that it

was impossible to obtain enough data to give reliable averages.

Both men and women are employed in sorting and packing. One
person will sort from 50 to 100 boxes per day. The sorters are paid

S0.225 to $0.25 per hour for labor.

Fig. 6.—Packjng apples in the Wenatchee Valley. This type of packing shed is not uncommon on many
of the smaller ranches.

It is the usual practice to line all boxes with paper before packing.

All grades of apples are wrapped. As previously stated, the packer

may both sort and pack, or may merely pack sorted fruit. Over 64

per cent ol the growers j)ractic(» tiie former method. A man will sort

and pack 69 boxes in 10 lioui-s, wlx'reas a man who packs sorted fruit

will average 76 boxes in the same time. The former receives $0.07

per box, wliil(^ i]\(- latter receives $0.06. Three loose l)oxes, as they

come from tlie orchard, usually })ack ont two boxes. '^Flie cost of

each operufiori or (;ornbination of ojx'rations in haiKHing llx' fruit has

beeri disl/ibnlcd ovc^r all rccoi'ds, so that the resulting cost ])er box is

an avenigc foi- all ranches. (Se(^ Table XXIII.)
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Table XXIII.

—

Items considered in figuring -packing-house charge {87 ranches).

Operation. Cost per
box. Operation. Cost per

box.

Sorting and packing $0.07
.06
.0166

Packing sorted fruit 0083
Nailing and "waiting" 0030

The average packing-house charge, figured from the above aver-

ages, was $0,087 per packed box.

Fig. 7.—Hauling apples to station. There are 118 boxes In this load. The average load hauled witli a
1-man and 2-horse crew is 89.69 boxes.

HAULING PACKED BOXES.

During harvesting the apples are usually delivered to a local

association or a shipping point. The majority of growers do their

own hauling. Eighty-one followed this practice, 68 with a crew of

1 man and 2 horses, and 13 with a 1-man and 1 -horse crew. The
load varies from 70 to 130 boxes with the former and from 30 to 70

boxes with the latter. (See fig. 7.) Four of the growers contracted

to have their apples hauled, the price per box varying from $0.01 to

$0.03 with the distance. Two loaded their apples directly on cars, a

railroad siding being close at hand. The crew doing the hauling was
governed to some extent by the distance to the point of delivery.

(See Table XXIV.)



COST OF PEODrCIXG APPLES TX WEXATCHEE VALLEY, WASH. 31

Table XXIV.

—

Hauling to shipping point—Average distance and time and boxes per
load for each crev:.

Number
of

records.

Xumber of

—

MUes.
Hours

per load.
Boxes

per load.
Men. Horses.

68
13

1

1

2
1

1.78
1.32

2.37
1.42

89.69
46.53

Where all records were considered, the average cost for hauling per

mile per packed box was §0.0082.

CULLS.

A problem worthy of much consideration by the growers of the

valley is that of the disposition of apples which are not packed for

market.

As in many other apple-producing regions, growers do not believe

that the money received for the cull fruit pays them for the handling.

This requires, in many regions, the picking of culls from the gTomid.

There are, however, many apples which are culled in the packuig

house during sorting and packing.

The handling of this grade of apples has been adversely affected in

more ways than one. In a short-crop year when prices are good the

growers do not feel the necessity of handling the culls for the prices

which the owners of the by-product plants will pay. In years of low

prices, which are generally years of large crops, the by-product com-

pany usually is not able to handle the whole cuU crop of a district.

This condition has been unfavorable to the development of the by-

product industry. Xo doubt there are many other factors which are

equally important in discouraging its advancement. In this study

no account has been taken of the cull apples, since at the time when the

survey was made there was no important by-product i^lant in the

valley.

Wayne County, N. Y., produces very large quantities of dried

apples. Many of the farms there are small, but it is not uncommon
for the orchardist to own and manage his o^vn drier plant in connection

with his regular farm business. Some orchardists who do not have
enough drier stock of their own find it easy to buy sufficient quantities

at reasonable prices from their neighbors. The initiid investment is

not great. Surh a plan might prove of interest and value to the

growers of Wenatchec Valley.

LABOR COSTS.

The total lu})or rost in clean cultivutod orchards was SI 70.00

per acre, or $0.o02() per box. The labor cost prior to harvesting
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amounted to S72.64 per acre, or $0.1225 per box. This cost, was
approximately 40 per cent of the total labor cost. Table XVIII
gives the summary of the various items which make up the total

labor chargeable per acre prior to harvesting in orchards under clean

cultural management.

Table XXV.

—

Labor costfor harvesting (87 ranches).

Item.

Hauling shoots (average distance hauled 1.79 miles).
Making boxes
Hauling empties to and from orchard
Hauling full boxes (average distance 1.70 nules)
Foreman charge i

Picking
Sorting, packing, stamping, and nailing

Total.

Hours per acre.

Man.

3.81
17.8
17.95
15.96

119.24

174. 76

Horse.

7.18

26.90
28.46

Cost per
acre.

S2. 04
4.45
8.52
8.26
1.78

29. 81
51. 59

106.45

Cost per
box.

0. 0034
.0075
.0144
.0139
.0030
.0503
. 0870

.1795

1 Twenty records:
Average crew 5

Average number of days per acre for harvesting crop 11.9
Foreman days per acre 2. 38
Foreman wage per day $3. 25
Cost per acre S7. 75
Twenty-three per cent of records use foreman; 23 per cent X $7.76 = SI. 783.

Foreman charge per acre SI. 78

The labor cost for harvesting amoxmted to $106.^45 per acre, or

$0.1795 per box. This cost was approximately 60 per cent of the

total labor cost. Table XXV gives the summary of the various

items which make up the total labor cost for harvesting. Table

XXVI gives the total annual labor cost per acre, per box, and per

tree.

Table XXVI.— Total labor cost per acre, per box, and per tree {87 ranches).

Item.

Total labor cost.

Per acre. Per box. Per tree.

$ 72.64
60.99

106. 45

SO. 1225
.1028
. 1795

SO. 8968
.7406
1.314

179. 09
167. 44

.3020

.2823
2.211

Total labor (alfalfa) 2.067

1 Labor before harvest where only clean cultivated orchards are considered.
2 Labor before harvest where only alfalfa orchards are considered; credit is given for 1 ton of alfalfa per

acre at -$9 per ton.

MATERIAL COSTS.

Material costs include aU material such as box shooks, nails, etc.,

together with anything else for which cash, or its equivalent, must be

used. A manure charge was made against the entire orchard for the

amount apphed each year, whether on a part or the whole of the

orchard.
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Labels are put on the boxes of the extra fancy and fancy grades.

No &>ceiirate information as to the percentage of extra fancy and

fancy fruit was obtained. The growers estimated approximately 70

per cent. The price of high-grade labels does not vary much if

piu-chased in large lots. In some instances the fruit is labeled before

dehvery to an association or shipping point. When the labels are

fiu-nished and applied by the association, a charge of 1 cent per box is

usually made. The label cost as a whole appears under material

costs, for it was difficult to determine the time required for labehng.

Other material costs are shown in Table XXVII. These costs are

S103.71 per acre, amounting to SO. 1749 per box, or 22.40 per cent

of the total box costs.

Table XXVII.

—

Material costs in 1914 {87 ranches).

Hem. Cost per
acre.

Cost per
box.

Box shocks $62.27
1.48
16.82
5.93
8.41
4.74
3.46
.60

$0. 1050
Nails .0025
Paper .0284
Labels 1 .01
Lime-sulpliur ... .0142
Lead-arsenate .0080
Manure .0058
Gasoline and oil - _ .-. .0010

Total 103. 71 .1749

1 Includes putting on of the labels.

FIXED COSTS.

The term ''fixed costs" includes all costs other than labor and
material costs that enter into and make up the total cost of produc-

tion. Under this heading come such items as taxes, insurance, and
machinery depreciation. These fixed costs are shown m Table

XXVIII. The tax and insurance charges per acre, other than water

tax, on the bearing apple orchard are found by prorating the total

tax and in.surance on the entire ranch in the proportion that the apple

orchard is oi the total investment.

llie water tax of SI.69 per acre is the average of the rates in force

on the various ditches, ranging from .|1.5() to $3.50 per acre. This

rate varies from year to year, depeiuling upon the ditch.

The interest on investment, is figured at tlie prevailing j-ate (S per

cent) on the estimated value of (lie Ix'aring apple orchaid land as

given by th(^ rancher at the time tiiis investigation was inad(>.

The charge for use of efjui|)ni('nt is computed by considering the

interest S per cent, depreciation I I per cent, taxes 1 per cent, and

repairs o per cv.ui, which amounts to an annual charge! of 25 per cent

on tiie total e(juij)ni('nt investment.
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The charge for the use of the packing house is computed by con-

sidering the interest at 8 per cent, depreciation at 3 per cent, taxes

1 per cent, and repairs 3 per cent, which amounts to 15 per cent on the

total packing-house investment.

No account has been taken of the depreciation of the orchards

themselves, as the average length of life of the commercial varieties

under the methods of management in vogue here is not known.

However, in arriving at the true cost of apple production such a

charge should be considered.

• Table XXVIII.

—

Fixed costs, S7 orchards.

Item. Cost per
acre.

Cost per
box.

Taxes $13.08
1.69
.96

154.00
10.42
6.78

$0. 0221
.0028
.0016
.2597
.0176

Packing house building charge . . - . . .0114

Total 186. 93 .3152

The various annual costs of producing apples in the bearing

orchards studied in Wenatchee Valley, including delivery at shipping

point, are summarized in Table XXIX. The fixed, or overhead, cost

is 40 per cent, while the labor and material costs are respectively 38

and 22 per cent of the total cost of production.

Table XXIX.

—

Summary of labor, cash, and fixed costs per acre (clean-cultivated

orchards).

Items of cost.

Total cost.
Per cent
of total
cost.Per acre. Per box. Per tree.

$179.09
103. 71

186.93

$0.3020
.1749
.3152

$2. 211

1.280
2. 308

38.13
Material . 22.08

39.79

Total 469. 73 .7921 5.799 100.00

The largest single charge that enters into these totals is that of

interest on investment, which is 33 per cent of the total. This leaves

about 67 per cent for all other costs, so that in considering only those

expenses which the average rancher usually would calculate, the pro-

duction of a box of apples is shown to cost on the farms studied in

the valley about 50 cents.

Considering costs in that way, however, gives a misleading figure,

for the calculation leaves out not only several items, but the largest
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single item, that of interest on investment, whicli in the case of the

farms studied is nearly 26 cents per box. "When this and other

charges are considered it is found that the average cost of producing

apples on the farms studied in the Wenatchee Valley having bearing

orchards mider clean cultural management in 1914 was SO. 7921 per

box. In orchards under mulch-crop management the cost is approxi-

mately SO.02 per box less.
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INTRODUCTION.

The readiness with which water penetrates into any soil determines

to a great extent the amount that will be available to crops. An ac-

curate knowledge of water movement within a soil often furnishe?

an indication of the farm practices that will be most successful.

Thus under irrigation the rapidity of water percolation may deter-

mine in what way and at what time water may be most effectively

applied. On dry land a knowledge of moisture movement often

shows what results may be expected from diiferent cultural methods

calculated to increase the quantity of water entering the soil.

The gumbo soil of the Belle Fourche (S. Dak.) Reclamation Proj-

ect ofFeis problems in water penetration materially different from

those in soils of other types. These differences are due largely to its

peculiar physical characteristics.

'J'liis bulletin presents the results of certain studies of the penetra-

tion of water into the gumbo soils of the Belle Fourche project.

Knorr,' working on the sandy loam soils at Scottsbluff, Nebr.,

found that plats irrigated in the fall were more moist and moist to

greater depths in the spring than plats not fall iirigated. When

' Knorr, Trltz. TCxpfrlmontH with cropK under full IrrlKMtlou at tho SoottRhlun" Ilcchi-

niatloii I'rojcct lOxixrliiicnt Farm. XJ. H. Dcpt. Agr. IJul. 133, 17 p., 5 fig. 1014.

rj'jjr,r,"—nuu. 447—10
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irrigated during the following summer, the moist soil absorbed water
much more readily than the drj soil. The dry soil required a longer
flow of water to saturate it to a depth of 18 inches than did the soil

containing more moisture. By irrigation, the water content of the

moist soil was increased to a depth of 6 feet, while the dry soil showed
no increase in water content below the second foot. Continuing the

flow of water on the dry soil in order to get water into the lower
depths was tried, but was discontinued for the reason that the dry
soil absorbed the water so slowly that a large amount of the flow was
lost by run-off.

The results obtained by Knorr on the sandy loam soils and those

obtained from the experiments described in this paper on the gumbo
soils are strikingly different. They bring out clearly the impracti-

cability of trjdng to use the same methods on all soils. The character

of the soil is an important factor in determining the degree of suc-

cess of any method of water application.

DESCRIPTION OF THE GUMBO SOIL OF THE BELLE FOURCHE
RECLAMATION PROJECT.

The soil of the Belle Fourche Reclamation Project is a very heavy

clay of the type classified by the Bureau of Soils as Pierre clay.^

The United States Bureau of Soils, in a reconnoissance soil survey of

western South Dakota, found that the soils of this type covered about

seven and three-quarter million acres in South Dakota, or about 30

per cent of the total area surveyed.^ It is a residual soil, formed by

the decomposition of shale, the partly decomposed shale being found

at a depth of approximatelj^ 4 feet below the surface. This depth

varies considerably with the location.

Fine soil particles make up the greater portion of the soil. A
mechanical analysis of the surface soil of this type shows that soil

particles of the different sizes are present in the percentages shown

in Table I.

Table I.

—

Mechanical analysis of Pierre claij."

Soil.
Fine

gravel.
Coarse
sand.

Medium
sand.

Fire
sand.

Very fine

sand.
Silt. Clay.

Percent.
0.2

Per cent.
1.1

Percent.
1.4

Per cent.
5.5

Per cent.
1.3.0

Per cent.
43.2

Percent.
35.0

a Strahorn, A. T., and Mann, C. W. Op. cit.

Analyses of the subsoil are not available, but the textures of the

second foot and third foot indicate that the percentage of clay at

1 strahorn, A. T., and Mann, C. W. Soil survey of the Belle Fourche area. South
Dakota. U. S. Dept. Agr., Bur. Soils [Adv. sheets—Field Oper., 1907], 31 p., 1 fig.,

2 maps. 1908..
- Coffey, G. N., and others. Reconnoissance soil survey of western South Dakota. U. S.

Dept. Agr., Bur. Soils [Adv. sheets—Field Oper., 1909], 80 p., 2 fig., 7 pi., 1 map. 1911.
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these depths may be somewhat higher than in the first foot. The
difference is not great, and as a whole the mechanical composition

of the first 3 feet may be considered uniform.

WATER CAPACITY OF THE GUMBO SOIL.

The water-carrying capacity of this soil is high, and the minimum
point to which crops can utilize the water is correspondingly high.

The soil, when filled, will carry about 30 per cent of water, of which

about 15 per cent is available for the use of crops. The character of

the soil is such, however, that the crops do not root deeply, owing

either to the lack of water in the lower depths or to the impervious

nature of the soil. In spite, therefore, of the large quantity of

water that can be obtained by the crop from the soil near the surface,

the shallowness of feeding materially reduces the quantity of water

actually available.

PRODUCTIVITY OF THE GUMBO SOIL.

The producing capacity of the soil is high. There is no evidence of

a deficiency of any mineral element essential to crop production.

When sufficient water is supplied, abundant crops are obtained. The
high productive capacity of this soil is evidenced by the yields ob-

tained on plats not irrigated in 1915, when the rainfall was unusually

favorable both in amount and in distribution. The average acre

yields obtained were 72.2 bushels of barley, 36.2 bushels of winter

wheat, 57.6 bushels of spring wheat, 12.5.6 bushels of oats, and 44.5

bushels of corn.

CHANGES IN THE VOLUME OF THE SOIL DUE TO WETTING AND
DRYING.

The large amount of clay present makes this soil subject to extreme

changes in volume with changes in its water content. Wlien the soil

is wet it swells and compacts; when dried it shrinks and cracks.

That the change in volume is great enough to cause a material

change in physical structure is shown by the results of the follow-

ing experiment, which was made for the purpose of obtaining a

measure of this cliange.

The volume of oven-dried compact samples of soil was determined.

These samples were then immersed in water and allowed to expand
i'i-('(']y and the volume redetermined. The A'olume of the soil from
the first foot increased 2.2 times. The volume of that from both the

second and third feet increased 2.5 times.

Thes<! changes in volume, due to variations in moisture content,

resiilt in the following structural differences:

When dry this soil is iisuiilly covered with n nntunil mulch idxnit 2 inches

de<'i» cauKe(J hy the crurriltlin^,' of the surface soil. lierieuth this inulcli is a
layer of soil iioticvf oiuiied witii <-racl{s. The nuiuher of these cruclis and the
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deptli to which they extend depend somewhat upon the manner in which the

soil has been dried. Where a close^drilled crop has been grown, they are small

and numerous and break the soil into small lumps to a depth of about 15 inches.

Below this depth the soil is generally compact and practically free from cracks,

no matter how dry it may be.

When the soil becomes wet it expands, and thus the cracks are closed. When
any excess of the expanding force in the cracked layer occurs, the whole force

of expansion in the uncracked area has the effect of crowding the soil particles

closer together. For this reason the wet soil is always compact throughout and
free from open spaces.

Considering these structural differences between the wet and the

dry soil, it can readily be seen that the moisture content of the soil

may have a great influence upon water movement: but a study of

water movement in both the wet and the dry soil is necessary in

order to obtain information as to how water penetration takes place

under actual field conditions.

On the Belle Fourche project it has been found in field practice

that the water content of the surface soil at the time the water is

applied determines to a great extent the quantity that will be ab-

sorbed, especially when the water is applied rapidly. When both

the surface soil and the subsoil are dry, over an inch of rain, even if

it comes in a torrential manner, will be absorbed with very little

loss, because much of the water makes its way into the soil through

the cracks. On the other hand, when the surface soil is wet these

cracks are closed and a rain of as little as one-fourth of an inch may
be largely lost by run-off. Any rain falling on a wet surface must
fall very slowly in order to be absorbed. •

That the condition of the surface soil determines the amount of

water absorbed is especially true when irrigation water is applied.

A comparatively small rain, by wetting the surface and causing the

cracks to close, often stops irrigation. There are times when it is

possible to irrigate successfully in the afternoon, when an attempt

to irrigate during the forenoon of the same day has resulted in the

run-off of practically all the water applied.

These facts indicate that water movement through this soil when
wet is very slow.

RATE OF MOVEMENT OF WATER IN LOOSE, SATURATED SOIL.

In order to make actual determinations of the rate at which water

moves in this soil when it is saturated, the following experiment was

performed

:

Sections of blotting paper were fitted, as bottoms, into a number of cans

that were open at both ends. Each can was filled with a composite sample

of a foot section of soil and then immersed in water. After the soil had

become thoroughly saturated the cans were removed from the water and placed

upon a screen. All the soil was then removed except a 3-inch layer in the bot-

tom of each can.
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The time taken for an inch of water to pass through these 3-inch

layers of saturated soil was four hours for the first-foot sample and
12 hours for the second-foot sample. These results show that water

moves slowly in the saturated soil. The rate of movement in these

samples is not the same as that under field conditions, because in

the field the soil is confined and can not swell freely and is therefore

more compact than the soil in these cans.

RATE OF MOVEMENT OF WATER IN WET SOIL UNDER FIELD
CONDITIONS.

To determine at what rate water moves in the wet soil under field

conditions, the following experiment was performed on a plat that

had been fallow for several seasons. The soil in this plat was wet

^scy/p^^ce

I

/6

3-^

1

Fig. 1. -Diagram Hhowing the uiuthod used to obtain samples of undisturbed soil from
different depths by means of brass tubes.

and compact to a depth of over 3 feet. Samples were taken by

means of brass tubes \\ inches in diameter and 5 inches long, in the

manner shown in figure 1.

Each of these tubes when removed was found to contain between

2 and 2i inches of soil. After being removed, the tubes were im-

mersed in water in order that they might become thoi'oughly mois-

tened. They were then placed in an upright position on a bh)tter

and filled with watei'. The rapidity with which water passed into

the soil was then i-ecorded. In the tubes continuing the soils I'rom

the surface, water pas.sed into the soil at the late of about 1 inch

in 12 hours. In all the, oth(!r's the rate was unifoiirdy much sh)wer.

No flifFerena^s in the ra|)idity of water movcnKiut wei'ct shown be-

tween any of the samples taken at any of tlie various (K'pths Ijelow
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3 inches. In all of the tubes containing soil taken from below the

first 3 inches the water level fell less than one-eighth of an inch in

48 hours, and part of this was due to evaporation.

The smallness of the tubes used may have caused some compact-

ing during the process of sampling; also the plat sampled was un-

doubtedly more compact than one that had not been continuously

fallowed. For this reason a part of the experiment was duplicated

on land that had been fallow for only a few months. Samples were

taken with tin cans 5 inches in diameter and with thin cutting edges.

By this means samples were taken from the surface and from depths

of 3 and 6 inches without any mechanical compacting of the soil in

sampling. The penetration in these cans was then studied in the

same way as in the brass tubes. Water passed through the surface

3 inches at the rate of 1 inch in two hours. For the other sections

the rate was at least as slow as in the brass tubes. Evidently the soil

in the brass tubes was not compacted enough to make any material

difference in the rate of penetration except in the surface section.

Even in this section the difference in the rate was probably due in

part to the fact that in the field the surface soil in the second plat

was considerably looser than in the first one sampled.

The extreme slowness with which water passed into these sections

proves that water movement in a wet soil of this type in the field

is exceedingly slow. That this slowness is partly due to the natural

compacting of the soil by swelling is shown by a comparison of the

rate at which water moved through soil under natural conditions

with the rate at which it moved in a saturated soil that was allowed

to expand freely, as is shown in the first experiment. At any rate,

water movement in this soil when it is wet is so slow as to be prac-

tically negligible in field practice.

PENETRATION OF WATER INTO DRY SOIL IN THE FIELD.

The experiments alreadj^ described indicated that in this type of

soil a dry condition was most favorable for water movement. In

order to measure the maximum water penetration in the soil, a num-

ber of experiments were made on a plat that was extremely dry. The

plat was covered with a very thin dust mulch. Beneath the mulch

the soil was cracked into very small lumps to a depth of 15 inches;

below 15 inches it was very hard, dry, and compact.

The first experiment in this series was made for the purpose of

determining the permeability of the soil at various depths. For this

purpose, borings 8 inches in diameter, extending below the surface to

depths of 6, 9, 12, 15, 18, 21, and 24 inches, were made. Two gallons

of water was then poured into each hole. A like quantity of water

was applied to an equal area at the surface by means of a tin can set

1 inch into the soil.
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The time required for the water to disappear from each hole and

the depth to which it penetrated, as measured both from the bottom

nf the hole and from the surface of the ground, is shown in Table II.

TABtE II.

—

Time required for 2 gallons of water to disappear from 8-inch holes
bored to different depths in the soil and the depth to which the water
penetrated.

Hole No.

1 2 3 4 5 6 7 8

Depth of hole inches - -

Time required:
Surface.

4

6

36

9

39

12

100

15 18 21 24

18
6

21

23

22|

-30

5

26

24
Depth of soil penetrated—inches .

.

Depth below surface to which water
penetrated inches.

.

16

16

19

25

16

25

10

22

6

30

As the line of demarcation between the wet and the dry soil was
jilways very sharp, the exact depth of penetration was easily de-

-S'/V/A/ je /t^/A/ 33Af//\/ //^/ffOM. /3/y/?S 2'S/y/?S. SO//^S: 24/t'/?s.

Fjo. 2.—Diagram showing tho time required for 2 gallons of water to disappear from
holcK 8 in(,-hos in diameter bored to different depths in the soil and showing also the
depths to which It penetrated. The heavy lines indicate the lowest points reached
hy the water from the different holes. The heavy figures below each hole indicate
the total distance from the surface and the light figures the distance below the bottom
of the hole.

teimined. The plan of the experiment and the results are shown
^Tapliic-jilly in figure 2.

K study of Table II and fif;ni-<' 2 shows that, at least for the cracked
area, the time required for (he water to disappear depended upon
the distance from the surface of the point of af)plicati()n. No doubt,

this was becau.se tlx; water apf)lied near the surface escaped through
(•racks in the .soil. That this was the case is shown by the wide dif-
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ferences between the cracked, and uncracked layers as to the time

required for the water to disappear. In all parts of the uncracked

area water disappeared very slowly.

Water penetrated to practically the same depth from the surface

in all the holes except the first and the last. In all the holes except

the first, water evidently penetrated to a point where further move-
ment took place with difficulty. That the water applied at the sur-

face did not reach the depth where movement was difficult was
doubtless due to the fact that the quantity of water was not sufficient

to reach that depth. The fact that the water from most of the holes

penetrated to a depth of from 21 to 25 inches below the surface

would indicate that a layer of impervious soil exists at that depth

A/a/^3£/?OF/Oi.£ S /a // /s /s /^ /5" ^

Fig. 3.—Diagram showing the depth of soil penetrated and the total distance from the

surface reached when water was kept standing for 10 days in holes 8 inches in

diameter bored to different depths. The heavy lines indicate the lowest points reached
by the water from the different holes.

were it not for the fact that water added at about this depth pene-

trated through as many inches of soil as did that introduced 9 inches

higher. The depth to which the water penetrated in all holes in the

compact layer indicates that the water movement throughout this

portion of the soil was very uniform.

A second experiment was made to determine the distance to which
water introduced into the soil at various depths would penetrate in

a given length of time. For this purpose a set of borings duplicating

those in the previous experiment was made, and water was kept

standing in each of them for a period of 10 days. At the end of that

time the depth to which the water had penetrated was measured.

The results of this experiment are shown in Table III and figure 3.
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Table III.

—

Depth of soil penetrated and total distance from the surface
reached ichere water teas kept standing for 10 days in holes 8 inches in

diameter bored to different depths.

Hole No.

Specification.
9 10 11 12 13 14 15 16

Depth of hole inches.

.

Depth of soil penetrated do
Depth below siu-face to which water
penetrated inches.

.

Surface.
22

22

6
15

21

9
12

21

12

8

20

15

7

22

18

10

28

21
11

32

24
11

35

Water added at all points within the cracked area penetrated

almost exactl}^ the same distance. In each case it penetrated through

the cracked soil and about 7 inches into the compact soil beneath.

Where water was applied below the cracked area the total distance

reached hj water penetration varied with the depth below the surface

at which the water was applied. The distance that it penetrated into

the compact soil was quite uniform. That a constant, though ex-

ceedingly slow, movement of moisture did take place in the compact
layer is shown by a comparison of Tables II and III. These show
that for all the points within the compact layer the depth penetrated

when water was kept standing for 10 days was greater than when
it stood for a shorter period of time.

A third experiment was performed in order to determine as nearly

as possible the rapidity with which water movement takes place

within this compact layer and the depth in it to which varying

amounts of water w^ould reach. A third series of borings was made
to a uniform depth of 18 inches. The amount of water added, the

time required for the water to disappear, and the depth to which it

penetrated are shown in Table IV and figure 4. The distance that

the water penetrated in each case was determined as soon as possible

after the water disappeared.

Table IV.

—

Time taken for various quantities of tvater to disappear and I lie

depths of penetration in each case frovi the bottoms of a series of holes IS

inches deep.

Specification.

Hole No.

17 18 10 20 21 22 23 24

Water added:
Quarts 1 2
fJallon.s 1

5
40

1

32
40

2

48
30

2

57
30

4

43

a 2
Time rwjulred to disappear:

3
10Minijtwj 6

10
lJ«!pth of nenetratton below the bot-
U>m of the hole Inches.

.

I>epth of penetration below the sur-
faf* inches. .

a

23

ft

24 21 Zi

51

23i

5

23 24.1

o Three times.
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The smaller quantities of water penetrated practically as deep as

the larger amounts tha,t stood for a much longer time. In five min-
utes the water in hole No. 17 penetrated to a depth as great as was
reached by that in some of the others in several days.

There is an apparent lack of consistency in the time required for

some of the larger quantities of water to disappear. This is due to

the fact that in some cases the amount of water added was sufficient

to raise the water level to a point that allowed it to escape laterally

through the cracked soil. This is shown also by the lack of differ-

ence in the depth of penetration of the different quantities. The
best measure of time and depth of penetration is found in hole No.

24, in which a supply of water was maintained by the addition of

2 gallons at three separate times. Ten days were required for the

Fig. 4.—Diagram showing the time taken for various quantities of water to disappear

and the depth of penetration in each case from the bottoms of a series of holes 8

inches in diameter and 18 inches deep. The heavy lines indicate the lowest points

reached by the water from the different holes.

disappearance of the entire quantity, but the total depth of pene-

tration during this time was only a little over an inch more than it

was from those holes in which water stood for a much less time.

These experiments indicate that while the water movement is com-

paratively rapid in the dry soil it is very slow in the wet soil.

Since there is no evidence of a layer of soil actually impervious to

water, it appears that the exceedingly slow movement of water is due

to the fact that the soil in contact with the water quickly becomes so

swollen and compact that further movement of water within it is

very difficult. Penetration into the dry soil almost stops, not because

of the resistance offered by the dry soil itself, but on account of

the extremely slow movement of the water through the layer of wet

soil that is between the source of water supply and the dry soil.
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That this slow movement in the dry subsoil is due to the com-

pacting of the wet soil above is further shown by laboratory experi-

ments on dry soil under field conditions. It was found that where

the soil was allowed to swell freely the water would move at least

an inch in five minutes in the heaviest section of the soil. Since the

rate of movement under field conditions is so mucli slower, there is

no doubt that the compacting of the wet soil in the field is so great

that it renders any movement of water through it almost impossible.

Water movement in the dry subsoil is therefore limited by the rapid-

ity with which the water can make its way through the wet soil above.

SUMMARY.

Water movement in the gumbo soils of the Belle Fourche Recla-

mation Project may be summed up as follows:

On a dry soil, penetration takes places rapidly to a depth of about

2 feet because of the cracked condition of the soil near the surface.

After the layer of easily penetrated soil becomes wet, it becomes

so swollen and compact that it is nearly impervious, and further

water movement is very slow.

The fact that moisture can move only verj^ slowly in the wet sur-

face soil would make it necessary to run water over the soil for a very

long time in ordei' that any considerable portion might be absorbed.

This is not practicable, for the experiment with a dry subsoil showed
that water from the surface penetrated almost as deep in a few

minutes as it did in 10 days, so that the increase in the amount of

moisture absorbed where the water stands for any considerable

length of time over that taken in when the soil is simply covered

would be so small as to be negligible. After a field has once been

covered with water little benefit can result from having water con-

tinue to stand on or flow over the soil.

It is interesting to note the radical difference in water absorption

between this .soil and the saiidy loam soil at Scottsbluff. The maxi-

mum rate of absorption is obtained on the wet soil at Scottsbluff and
on the dry soil on tlie Belle Foiirclie project. These diametric differ-

ences apparently are due to the physical differences between the two
.'-oils and show clearly that a satisfactory practice on one type of soil

may not be cfjually successful under other soil conditions.

The results of these experiments and observations can easily be

applied in field practice, and recommendations for methods and prac-

tices may be based upon tlicin.

The following points relative to the application ol' water by irri-

gation to these gumbo soils are clearly shown :

(1) Wntv.r Hh<tnl<l he ;iitr)li<!(l only when llic siirfiicc is dry.

(2) The f)iiiiritity of wafor ahs<»rh»!fl will dc'iu'iid iijton (lie dryiieHs mid con-

>«Hjuoiit cDK-ki'd coridil idii of ihc siirCiicc soil.
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(3) After a field has once been covered with water, little further absorption

takes place, and no benefit can result from having water stand on or flow over

the soil for more than a few minutes.

(4) The depth to which the water will penetrate depends upon the depth
to which the soil has been dried and cracked.

The following poinjts brought out in this bulletin apply to the cul-

tural practices for these gumbo soils under either irrigation or dry-

land conditions:

(1) No particular method of cultivation will be superior to others in influ-

encing the quantity of water absorbed, since this depends upon the degree to

which the surface soil is dried and cracked. The soil after harvest is usually

so dry that penetration takes place very readily, and any ordinary quantity of

rain that falls is absorbed, regardless of the cultural treatment.

(2) Since the dry soil is naturally broken up to depths as great as would be

reached by either deep plowing or subsoiling, these operations can be of no great

benefit in water absorption.

(3) Some method, such as dynamiting, by which the soil below the cracked

area could be broken up, might result in a temporary increase in the depth to

which water could easily penetrate. The natural swelling of the soil, however,

would cause it again to become compact every time it was wet. This would
make it necessary for the operation to be repeated each year, which would
involve an expense too great for this method ever to be considered seriously.
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INTRODUCTION.

The scheme of analysis of dyes described in this bulletin embrace
about 130 chemical individuals. This number comprises practically

ail those coal-tar colors (except a few entirely obsolete nitro dyes)

which have been mentioned in the hterature as having been found

in food products, and those mentioned as being suitable for the

coloring of foods. A number of dyes which are typical represen-

tatives of certain classes and which exemplify in a general way the

analytical properties of certain groups, also have been included. No
process for the analysis of dyes can be made so complete as to take

into accoiuit all possible colors and combinations of colors; never-

thrless the analyst should be prepared for as many as possible of

the cases arising. It is especially difficult to take the newer colors

into consideration, but, fortunately, at the present time these are

very littl(! used in food products.

The scheme- of separation d(!scribed is designed to meet actual con-

ditions, one of which is the relatively more frequent occurrence of

the eight colors the use of whicli in food is ])ermitt(Hl by the United
States Department of Agricultuni' Amaranth, Pom^eau 3 K, Ery-

• Food laspoctlon decisions Nos. 70 and IM.

NoTB.—This bulletin will bo of interest chiefly to chemists engaged in food analysis.

f.lM7*-Uiill 44S~J7 1
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throsin, Orange I, Napththol yellow S, Tartrazin, Light green S. F.

yellowish; and Indigo disuKoacid—and among nonpermitted dyes of

the oxy-monazo colors. An entirely different scheme might be pref-

erable if, for instance, the difficultly soluble benzidin dyes were the

most common colors.

The method for the separation of colors described in this bulletm

is based mainly upon the employment of immiscible solvents. By
this means most mixtures of the commonly occurring coal-tar dyes

may be separated with relative ease. In dealing with the natural

coloring substances the analyst is hampered by the lack of any
exact knowledge concerning many of them, by the difficulty of

obtaining pure preparations free from accompanying colored sub-

stances, by the lack of good methods for their quantitative esti-

mation, and by the fact that Httle is known regarding the stabihty

of many of them with the common reagents. Although the most
important natural colors have been included in the tables, Httle

attempt has been made to indicate means of separation other than

by the methods more suitable for synthetic dyes.

Of the colors used in developing the methods described in this

paper about 40 of the commonest were synthesized and purified in

the laboratory. The physical and chemical properties of the others

indicated their identity and proved that the samples were of suffi-

cient purity for practical purposes.^

GENERAL STATEMENTS CONCERNING REAGENTS USED IN COLOR
ANALYSIS.

The examination of food-coloring matters requires the frequent

employment of some reagents that are not so often used in other

kinds of chemical work. In addition to the ordinary acids and
alkahes it is convenient for many purposes to have solutions of

hydrochloric acid and of sodium hydroxid of accurately known
strengths. Five-normal and tenth-normal hydrochloric acid and
tenth-normal sodium hydroxid may be kept in stock bottles pro-

vided with attached burettes and guard tubes. Of the dilute solu-

tions, eighth-normal is the most convenient concentration for use

in separations, but tenth-normal solutions serve the purpose weU
and are to be preferred because of their greater suitabiHty for titra-

tions. A standard solution of five-normal sodium hydroxid is also

needed and a portion may be kept in a 500-cc bottle, through the

rubber stopper of which passes a graduated 10-cc pipette which is

capped or closed above when not in use.

1 The coal-tar dyes have been designated in this bulletin by the numbers given in the tables in A
Systematic Survey of the Organic Coloring Matters; by A. G. Green. Founded on the German of Drs. G.

Schultz and P. Julius, second edition, London and New York, 1904. On page 56 have been given the

corresponding numbers used by G. Schultz, Farbstofftabellen, Berlin, 1911-1914, and by Mulliken, A
Method for the Identification ofPure Organic Compounds, vol. 3, New York, 1910.
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The solutions named below are usually dropped from a pipette

into tlie solutions under examination. For convenience they should

be kept in bottles provided with glass caps ground on an enlargement

of the neck. With this form of bottle a short graduated pipette

(or piece of tubing) can be kept in the bottle under the cap. The
solutions are:

Bromin water, 1 or 2 per cent. One per cent solution is about

fourth-normal as oxidizing agent.

Hydrazin sulphate solution, 3.2 per cent (approximately normal as

a reducing agent when oxidized to water and free nitrogen).

Sodium nitrite, 7 grams per 100 cc (approximately molecular normal)

.

Alplia-naplithol solution, from 10 to 20 per cent in alcohol. This

solution is used in very small quantities and should be kept in a

bottle of the same form as used for the other reagents but of smaller

size. The solution becomes dark colored and unfit for use after stand-

ing some weeks.

Sodium hydrosulphite solution (NagSgO^, ''Blankite"). This solu-

tion is unstable and is best prepared as needed. The writer prefers

to use the powdered sohd kept in a small bottle, in the cork of which

is fixed a strip of sheet metal to serve as a spatula. With this

arrangement the salt, which is very soluble, may be dropped, a few

particles at a time, into the solution to be tested.

Potassium persulphate (KjSgOg) . The same observations apply here

as under "Sodium hydrosulphite solution."

The following reagents should preferably be kept in some form of

small dropping bottle: Concentrated hydrochloric acid, concentrated

sulphuric acid, dilute hydrochloric acid (10 per cent), sodium hydroxid

(10 per cent), ammonium hydroxid (density about 0.95), ferric

chlorid (10 per cent), and stannous chlorid (40 grams in 100 cc

conwntrated hydrochloric acid).

Other reagents needed are : Solutions of alum, barium chlorid (or, bet-

ter, barium acetate), uranium acetate or uranium sodium acetate, and

sodium acetate. It is convenient to have the last-named solution

api)roximately normal, 16 grams per 100 cc. A strong solution of

lead acetate (normal, not the basic salt, 30 per cent) is used in con-

siderable amount; and a rather carefully made 10 per cent sodium

carbonate solution (double normal) is useful for separations of

Orange I and for coupling reactions. Common salt solution made
from C. P. sodium chlorid is useful for many separations. Two
hundred and fifty grams per liter is a convenient concentration.

The following solvents are most frequently used:

Alcohol.

Amyl alcohol. This should b<' a good grades of "pyridin-free."

Gnsoliice or petroleum ether, " lov) boiling point," of density ahout

0.G5. Commercial pc^ntane, though expensive, may be prefeiTcd
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occasionally as a more homogeneous product of similar properties.

Tlie most objectionable of the impurities of gasohne may be removed
by washing it a few times with concentrated sidphuric acid.

Ether. The alcohol in the commercial product may be removed
by washing.

DicMorhydrin. Most commercial C. P. products contain free acid.

This is seldom harmful, but a freshly washed preparation may be

preferred occasionally.

Ethyl acetate. Apparently this is usually impure and before use

should be washed with water to remove alcohol, etc.

Arayl acetate. Amyl acetate is suited to the same uses as ethyl

acetate. It is, however, a less active solvent for many dyes, partly,

no doubt, because it dissolves less water. Commercial C. P. prep-

arations show great variability, apparently from the presence of

large amounts of impurities and not merely from difference in the

proportion of isomers present. The impurities, especially amyl
alcohol, are much more difficult to remove than those hkely to be

found in commercial ethyl acetate, so that the latter solvent has been
used for the work described in this bulletin, notwithstanding its

solubihty and ease of saponification.

Anilin. Unless recently distilled, anihn is usually strongly

colored; but the coloring matters present differ widely in solubihty

from the sulphonated dyes for whose separation it is most frequently

employed. The colored impurities do not interfere fm^ther than by
inconveniently masking the com'se of the fractionation.

PJienol. This must be colorless and should be free from mineral

acid.

Carbon tetrachlorid.

Methyl alcohol.

PRELIMINARY TREATMENT OF FOOD PRODUCTS.

It is usually necessary to begin examination of the color or colored

material by treatment with some solvent that will bring the coloring

matter into solution.

Commercial food colors if soluble are dissolved directly in water,

care being taken that the solution, to be examined according to the

scheme described on pages 9 to 20, inclusive, be not made too concen-

trated. Solutions of suitable concentration contain from 0.05 to 0.01

per cent actual coloring matter. If the coloring matter is a powder,

blowing some of the substance from the tip of a spatula over a sheet of

moistened filter paper,^ or over the surface of concentrated sulphuric

acid contained in a fiat porcelain dish, ordinarily will show if it is a

mixture made from dry colors.

1 O. N. Witt, Z. Anal. Chem. 36 (1887), 100.
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Candies, sirups, and other sugar products may be taken up directly

with hot water.

Wines, liquoi-s, and other alcoholic beverages may be fii"st diluted

and warmed on the water bath to remove alcohol. However, for the

subsequent treatment with immiscible solvents it is not usually

necessary that the alcohol be driven off as it is sufficient to dilute

the sample to reduc^^ the alcohol content to 10 per cent or less. This

very often is preferable to heating the sample; but it must be borne

in mind that the distribution of the coloring matters will be more or

less modified by the alcohol.

Sohd materials, such as fruits, flesh foods, etc., may be extracted

first with 80 per c^nt alcohol, containing a very httle acetic acid, to

remove basic dyes, cochineal, etc., sensitive to alkahes. The pulp

separated from the acid alcohol solution may then be digested with

dilute alcohol of from 65 to 80 per cent strength, containing from

3 to 5 per cent of ammonia. If both extracts are colored it is easiest

not to work them up separately, but to boil off the alcohol and am-

monia from the second portion, and the alcohol from the first, and

then combine them. This procedure is c[uite general in its applica-

bihty. However, with products colored with metaUic lakes, such as

those of the flavone and flavonol dyestuffs, the treatment with strong

hydrochloric acid and amyl alcohol, suggested below, is perhaps more

satisfactory. Lake pigments in many cases also can be washed off the

surface of the food material, since they are most often used as facings.

The washings are allowed to settle or are whirled in a centrifuge, and a

portion of the sediment containing the lake is treated for identifica-

tion of the color. Most lakes are decomposed, at least to a large

extent, by hydrochloric acid and amyl alcohol.

From many sohd products such as jams and meat pulp the com-

mon coloring matters, including the permitted dyes, can be extracted

directly by adding concentrated hydrochloric acid and shaking

thoroughly with amyl alcohol. The subsequent work is shortened

and, with strongly colored materials especially, the plan is often

quite satisfactory.

"\^Tieat and rye products off(>r some difficult}- in the extraction with

dilute alcohol because of the solubility of th(^ plant prot(nns, gliadin

and hordein. In the case of macaroni, spaghetti, etc., boil the

anmTKMiiacal alcoholic extract containing the coloring matter until

most but not (juite all (jf the alcohol is removed. If th(^ hot residue

is of a semisolid consistency, it is best to add a little alcohol. It is

then treated with about one-half of its volume of concentrated hydro-

clJoric acid and is poured into a hxrgo. scparato7-y funnel. Amyl alco-

hol ('(jUiil to about two-thij"ds of 1 lie original volume of the solution is

uddf-d and sufficient salt solution lo make the mixture s(!parate well.
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The amyl alcohol containing the color is washed a few times with a

salt solution containing hydrocholoric acid to remove the protein; one

separation with the centrifuge usually being desirable to free the

solvent from the coagulum. The further treatment of the amyl
alcohol solution is the same as that described mider the heading

Separation and Purification of Colormg Substances, page 8.

Dissolved coloring matters are generally separated from fats and

oils by saponifying the fat or oil with alcoholic potash and extract-

ing the coloring matter from the soap with gasohne or ether.^ The
manipulation of this process is not very convenient and, of course,

all unsaponifiable matter remains with the color. It may be com-
bined with advantage in many cases with one of the extraction

methods with an immiscible solvent described below. A number
of extraction methods are in use and probably each possesses

advantages for certain colors.^ Some dyes, as Andin Yellow, may
be extracted from oils conveniently with 90 per cent alcohol.^ The
method of Cornehson * (extracting the coloring matter with glacial

acetic acid or with the same solvent containing a Httle added hydro-

chloric acid or water) will serve for the extraction of almost all the

common od-soluble dyes. Much oil dissolves in the acetic acid and

a systematic fractionation is necessary; the different portions of

extract being washed successively in several funnels containing a

httle gasohne.

The writer prefers the following procedure, which, though some-

what inconvenient, is quite generally apphcable. It does not give a

color entirely free from cholesterol and similar compounds. About
30 cc of the oil are diluted with about 120 cc of low-boihng gasoline,

and this mixture is shaken out with several portions of a mixture of

90 parts of phenol with 10 of water. The volume of the first portion

of solvent may be about 45 cc, the others 30 cc each. The phenol

extract is washed in a separatory funnel with 2 or 3 portions of gaso-

line, then treated with sufficient cool, strong potassium or sodium
hydroxid solution to dissolve the phenol. The dye is removed by
shaking out the hquid with from 50 to 100 cc of ether. The ether is

first washed a few times with caustic alkafi solution to remove all

phenol and finally with water. It may then be evaporated or treated

further as indicated on pages 7 and 32-33.

The Sudan dyes are readily extracted by a mixture of 80 parts

phosphoric acid (85 per cent, density about 1.70) and 20 parts con-

centrated sulphuric acid. The oil containing the dyes should be

1 See Gruenhut, Chem. Zentr. 69 (1898) II, 943.

2 See Berry, U. S. Dept. Agr., Bur. Chem. Circ. No. 25; Doolittle, U. S. Dept. Agr., Biir. Cheni. Bui.

No. 6.5, p. 152.

5 For the extraction and identification of Auramin (No. 425) when present in oils, see Frehse, Ann. fals

3 (1910), 293.

* J. Am. Chem. See. 30 (1908), 1478.
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diluted with a few volumes of gasoline. Shaking out one or two
times will usually be sufficient, but the method is not applicable to

colors such as tolueneazo-jS-naphthylamin, which are sensitive to

strong acids. The alkali salts of Sudan G and of the coloring matter

of annatto are readily soluble in water; hence these dyes are most
easily removed by shaking out with dilute sodium or potassium

hydroxid solution.

The extraction and separation of the dissolved coloring matters

may be carried out together as follows : The oil or melted fat is diluted

with gasolme and shaken out first with 2 per cent (haK-normal)

sodium hydroxid solution to remove annatto, Sudan G, and colors

of similar solubility. The mixture is then washed several times, if

necessary, with hydrochloric acid of from four to six normal strength,

which will take out the aminoazo derivatives, such as Butter YeUow
and ammoazotoluene. Benzeneazo-/3-naphthylamin and tolueneazo-

jS-naphthylamin are extracted rather slowly by this treatment, the

dyes apparently suffering rearrangement from the hydrazo-imin

form into the true azo form before going into solution in the acid.

Since the toluene derivative especially is rather rapidly decomposed

by hydrochloric acid, the extracts should not be allowed to stand,

but should be neutralized immediately. The Sudans and similar

colors not extracted from the mixture by alkali or acid should be
separated by one of the general procedures described on page 6,

most conveniently with the phosphoric acid mixture. If the phos-

phoric acid solution, after washing once or twice with gasoline, be
diluted and partially neutralized, the coloring matter in quite pure
condition can be obtamed by extraction with ether or gasoline.

Glycerol,^ sodium salicylate ^ solution, and a mixture of these two
have been recommended for the extraction of colors from some food

products.

Microscopic examination of colored products usually gives useful

mforaiation. This is especially true in certain cases for chemical

tests under the microscope.''

CertaLn coloring matters can not be brought into solution by the

methods outlined. Such substances are the organic pigments Indan-

thrcne (No. 569) and unsulphonated indigo (No. 690), which are

insoluble in all ordinary solvents and must be identified by their

general properties. Lampblack and similar forms of carbon are

characterized by insolubility in acids, alkalies, or hot dichlorhydrin,

and by their complete combustibility. Ultramariue is stable toward
iJkidics but is very readily decobjrized with acids with evolution of

hydrogen sulphid, which may be detected with lead acetate paper.

' Kllngor uml Bujard, '/.. An(!f!W. Choiri. (IHOI), r.lf).

» K. Sfwolh, '/.. Nahr. ficnuHsm. IH {Vm.)), .WT.

» WInton, A. L., The. Micnneopy of Veyelable Foodn. Now York, JUIO.
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Most other pigments not lakes are compounds with heavy metals

and a suitable exammation according to the ordinary methods of

inorganic analysis will indicate the nature of the pigment.^

SEPARATION AND PUSIFICATION OF COLORING SUBSTANCES.

PRELIMINARY TREATMENT.

By suitable preliminary treatment the coloring matter should be

obtained in aqueous or dilute alcoholic solution nearl}^ free from

acids, alkalies, or large quantities of salt. (Concerning the oil-

soluble dyes see pages 6 and 7.) The alcohol content of the solution

should not exceed 10 per cent. Usually it is better to remove
excessive alcohol (by evaporation) than to add water; but if the

liquid contains so much sugar as to be sirup}^ it should be diluted.

If the evaporation causes a separation of coloring substance, the

sediment should not be removed before the treatment with immisci-

ble solvents. When the color has been extracted dhectly from solid

products by acid amyl alcohol, this may be shaken out with salt

solution, dilute hydrochloric acid, or water, as directed for the cor-

respondmg solution obtained in the first step of the procedure de-

scribed on pages 11, 17, and 18.

Since the colormg substances of flowers and fruits are, generally

speaking, rather unstable, especially in the presence of alkalies, it is

well to divide the solution containing the colors into two portions,

one portion to be examined for the natural colors, the other for

coal-tar dyes.

TREATMENT OF SOLUTION RESER^TED FOR TESTING FOR COAL-TAR DYES.

If coal-tar dyes are not known to be present, a preliminary test

may be made by warming a smaU piece of wool, such as nun's-veilmg,

or some white woolen yarn with some of the solution; first neutral^

then, if no dyeing takes place, made acid with a few drops of hydro-

chloric acid.^ If the wool is dyed in either case, the main portion

of the solution reserved for dyes is treated as indicated on page 9.

Acid Yellow (sulphonated aminoazobenzene. No. 8) is sometimes

more easilyseparated from mixtures by dyeing on wool than by the use

of solvents; hence if the test wool is dyed yellow it may be stripped

with dilute ammonia and this solution tested for Acid Yellow by
diazotization, etc., as described on page 51.

In the presence of very large amounts of natural coloring matter,

it may be advisable occasionally to make the dyeing test with a

comparatively large portion of the solution, stripping and redyeing

1 For pigments in tea compare Read, V. S. Treasury Decision No. 32322; Knight, J. Ind. Eng. Chem.

6 ("1914), 909.

= See Strohmer, Z. Anal. Ctiem. 24 (188.5), 62.5. Arata, Z. Anal. Chem. 38 (1889), 639. Winton, Conn.

Agr. Exp. Sta. Rpt. 2 (1889), 131. Sostegni and Caxpentieri, Z. Anal. Chem. 35 (1896), 397. Tohnan, Jour.

Amer. Chem. Soc, 37 (1905). 25.
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once or twice if necessary and making a further examination of the

color substance obtained from the dyed wool. This procedure is

especially advantageous when dealing with cacao products, since

such products give extracts containing much natural color similar m
tint to the dyes likely to be present, and special care is necessary to

avoid overlooking the dyes.

It is desirable to obtam as much information as possible from the

dyeing test, since the separation with immiscible solvents can not

well be followed with the eye when dealmg with dyes of the same
shade or with the natural coloring matters, which usually consist of

mixtm'es of substances of similar tint but different solubility.

Attention must be called to the fact that a few rather common
dyes are so unstable as to be very easily overlooked when making
the dyemg test; for instance, Auramin (No. 425), which is largely

used at the present time in European countries for food coloring, is

readily decomposed both by acids and alkalies. Naphthol green B
also is easily decomposed by acids and not readily dyed on wool

from many mixtures. Further, many dyes do not go on wool readily

in the presence of certain impurities. In such cases, although

getting no positive results by the dyeing test, the analyst should

proceed with the separation by immiscible solvents.

GENERAL STATEMENTS REGARDING THE SEPARATION OF DYE MIXTURES.

The analyst usually knows something in regard to the coloring

matters present m a dye solution before beginning the systematic

analysis. The best procedure to be followed will depend on what
dyes are probably present; and no set method can equal in value a

table of relative solubilities by means of which the distribution con-

stants of any given dyes may be compared. It is, of course, advan-

tageous in many cases to make gi'oup tests with small portions of

the mixture, thus avoiding unnecessary and undesirable additions

of reagents to the main solution.

In carrymg out the fractionations described on pages 11 to 18 any
given color will, in general, appear in several washings, but where the

maximum amount comes out will be evident from the solubility data ; it

being always remembered that these statements apply to solutions

of concentration in the neighborhood of 0.01 per cent, and that at

wid(!ly different dilutions some variation may be expected. The
solubilities of the components of the dye mixture are not likely to be

so different as to allow even a quahtative separation by a single

shaking out. It is usually necessary to employ more or less system-

atic fractionation methods. For example, suppose a mixture is to

be Koparalcd, of whirh it is known that one dye, when its amyl alcohol

solution is shuk(!n with uw e(iunl volume of acid of a certain concen-

tration, distributes itself in cf|ual amount between the two layers,

fill47^—Bull. 448-17 2
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wliile 94.1 per cent of the other color, under the same conditions,

remains in the aqueous layer. If such a mixture in water solution is

brought to the given acidity and is shaken out successively with three

portions of amy] alcohol, each ecjual to one-fourth its volume, calcu-

lation shows that if the distribution ratios remain constant there will

be present in the acid solution after the third shaking twenty-seven

sixty-fourths or 42 per cent of the first dye, one sixty-fourth or 1.6

per cent of the second. Conversely the first amyl alcohol portion

after two washings with portions of acid of concentration similar to

that of the original solution, will contain 42 per cent and 1.6 per cent

of the second and first dyes, respectively. Obviously, for a practi-

cable quantitative separation, somewhat greater differences in solu-

bihty must exist; but it is usually sufficient to separate, in fairly pure

condition, a portion of each of the colors that seem to be present, in

order to characterize completely the components of the mixture.*

Emulsions occasionally cause trouble when the analyst is working

with impure mixtures. These are most effectively broken by a good
centrifuge. Should a solid stratum form between the two layers, it

should be broken with a glass rod, the tube replaced in the cen-

trifuge and whirled again. Heatmg tends to promote rapid separation,

but the relative solubilities vary somewhat in hot mixtures. Strong

acid solutions show much less tendency to emulsif}^ than neutral or

alkaline ones,

Tlie final separation of mixtures of dyes of rather similar solu-

bility will usually be made by selecting some pair of solvents in which
they show a decided difference. Mixtures of dyes of practically

identical solubility can, in most cases, be separated satisfactorily by
chemical means or by precipitation reactions. Since the fractiona-

tion will have removed all except a few dyes belonging to a known
group, suitable chemical methods may usually be chosen without

difiiculty.

T^Tiile the scheme described is not intended to be applied to rela-

tively concentrated solutions, in practice in the examination of col-

ored food products, such are seldom or never obtained. The chief

concern of the analyst here will be to avoid, as far as possible, the

dilution of the color by the use of unnecessarily large portions of

organic solvents and washing liquids. Only in working with prod-

ucts sold for use as coloring matters are solutions likely to be made
too concentrated to be adapted to the schem.e of separation.

As the common food dyes are, for the most part, salts of polybasio

acids, the equilibrium conditions are obviously quite complex and
concern not only the relative solubilities and dissociation constants of

the free color acid, but of the various acid salts and the sodium salt as

1 For procedure and calculation as to quantitative fractionations, no coloring matter being rejected,

see J. Ind. Eng. Chem. 5 (1913), 26.
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well. Many dyes exist in more or less associated condition in ordinar}^

solutions. However, it is found in practice that in most cases the

distribution ratios with given acidity do not vary greatly, but that

fair results can be obtained on the assiunption that they will remain

constant,^

Both basic and acid triphenylmethane colors tend to undergo slow

intermolecular changes when treated with acids and alkalies (adjust-

ment of equihbrium between carbinol, imid, and ammonium forms)

and theii' complete separation by means of solvents is less simple than

that of most other classes.

It will be noticed from the solubihty table, pages 22-33, that amyl
alcohol, amyl alcohol gasoline mixtures, and ether, although differing

greatl}"' in their power as solvents, show a sort of general correspon-

dence in properties. They are especially suited for fractionations of

such dyes as the sulphonated phenolic compounds, the distribution

ratios of these changing greatly with varying hydrogen ion con-

centrations. Dichlorhydrin, because of its solubility and non-

volatility, is not very convenient as a solvent; nevertheless, it is

almost indispensable for the separation of many colors. Anilin is

an excellent solvent, but usually must be completely removed from

a color solution before tests are made, and will be employed only

for a few separations. Both anilin and dichlorhydrin are con-

veniently' removed from water solutions by shaking out mth
carbon totrachlorid.

It may bo remarked that in working with the coal-tar dyes the plan

of acidifying strongly, extracting, and then washing the solvent with

u more dilute acid, is in nearly all cases preferable to the practice of

gi-adually increasing the acidity and using a number of portions of

solvent. Much more solvent is required in this latter way, with a

corresponding increase in the proportion of the accompanying
impm'ities and in the difficulties caused by emulsification.

The vvTitor usually prefers to begin the treatment with immiscible

solvents by shaking out with amyl alcohol from the neutral solution

aft(!r addition of some sodium cldorid. The outline which follows

will indicat<5 approximately the order in which the solvents will be

<;hoscn for a complex mixture,

PROCEDURK OF SEPARATION.

The Hf)lution of the foloring matter, as freo as possible from suspendod matter, is

treatofl farofully with wAJium farlxdiato if it contains free mineral acid or with acetic

a^id if it is alkaline, it should finally be neutral or very faintly acid. It should not

contiiin the f;oloring matter in too j^reat concentration, althouf^h when working with

extr-'utfl of food products this lattcjr condition is seldom encountered, (-oncentrations

of about O.Ol per cent may be taken a.s most suitable in general, and only in exco])-

tional cuM-a would stron>^(;r solutions (0.1 |)(;r cent, for instanc(f) be chosen by pr<;f-

I Hw W. Ui^whT^ and C Hely, Zdl. f(ir (licm. iind TtkI. d. Koll. i;{ (I'.iKi;, %.
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erence. In regard to the presence of alcohol, see page 8. T^Tien large amounts of

dissolved foreign material, such as sugar, glycerol, etc., are present, it must be remem-

bered that the solubilities of the coloring matters will be somewhat affected.

Since almost all coloring matters are found accompanied by small amounts of simi-

larly colored substances of different solubilities (subsidiary dyes, etc.), it should be

made an invariable rule in carrying out the separation, first to follow through, to the

point of identification, those coloring matters that seem to be present in largest pro-

portion. The course to be pursued in dealing with the smaller fractions will then be

more clearly indicated.

Sec. 1.—The solution containing the coloring matter is treated with enough strong

sodium chloiid solution to bring the salt concentration to about 5 or 6 per cent and is

then shaken out with 20 cc or more of amyl alcohol . If a considerable amount of color-

ing matter is taken up the extraction is repeated once or twice, the different portions

of solvent being finally combined. The amyl alcohol, if colored, is washed once or

twice with small portions of 5 per cent salt solution, and these washings, if they ap-

pear to contain any dye, are added to the original extrac ted solution . Any suspended

solid matter that may separate may be considered also to belong to the aqueous solution.

^

The amyl alcohol, if colorless or freed from color by the washing, is discarded.

Basic dyes and most of the acid colors of low sulphur content are absent. If the amyl
alcohol is colored it is treated as directed in section 10.

Sec. 2.—The extracted salt solution is treated with about one-half its volume of con-

centrated hydrochloric acid and is again shaken out with amyl alcohol, exactly as

described in section 1. Should coloring matter be extracted, the combined portions

of the solvent are washed once with diluted acid (1:2, approximately four-normal),

then reserved for treatment as stated under section 6. If the alcohol is colorless, and

remains so after treatment with an excess of ammonia solution, it is discarded; and

most of the strongly sulphonated azo colors are known to be absent. (^^Tien Naphthol

green B is present, compare section 18.) '

Sec. 3.—The extracted acid salt solution which may appear nearly colorless is

treated with ammonia until slightly alkaline, then made slightly acid with acetic acid.

If it is now colorless the absence of the strongly sulphonated triphenylme thane green

and blue dyes is shown, and it is discarded. If it is colored, and if the shade indicates

the possible presence of green or blue colors, it is shaken out with dichlorhydiin.

This solvent is slightly soluble in water, but an amount should be used so that the

lower layer after separation will not measure more than 20 cc. If coloring matter of

bluish tint has been extracted, the mixture is again shaken out once or twice, and the

combined portions of solvent washed with a little salt solution. The dichlorhydrin

solution is then examined according to section 5.

Sec. 4.—The original mixture after the preceding extractions may still contain Acid

Magenta, caramel, and many natural colors, especially the glucosids (anthocyans)

constituting the common fridt colors. Acid Magenta may be recognized by its reac-

tions with nitrous acid, dyeing properties, etc. It may be separated, if desired, by
adding hydrochloric acid so that the acidity is above that of a fourth-normal hydro-

chloric solution Callowance must be made for the ammonium acetate present) and then

shaking out with anilin. The anilin solution is washed with fourth-normal hydro-

chloric acid in salt solution of from 5 to 6 per cent strength; and the dye then removed
with water, perhaps after addition of some carbon tetrachlorid. Before testing this

magenta solution the dissolved anilinmustbecarefully removed, by making alkaline

and extracting several times with carbon tetrachlorid, benzene, or other convenient

solvent. Commercial Acid Magenta is a somewhat variable mixture of sulphonates

and may be expected to yield considerable fractions of lower sulphonated derivatives

of greater relative solubility in organic solvents.

1 The more sy^stematic procedure described in J. Ind. Eng. Chem. 5 (1913), 26, may be iised, if pre-

ferred, for this and other similarly described e.x tractions.
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The acid yellows (No. 8 and No. 9) although chiefly extracted by amyl alcohol from

the acid solution (sec. 2) always yield a large fraction in this group. MTien the colora-

tion of the extracted acid salt mixture is entirely due to such products it will be orange

red, becoming yellow on neutralization, and also will show the characteristic reactions

of the acid yellows with nitrous acid, etc.

Sec. 5. The dichlorhydi-in solution is diluted with three or four times its volume

of carbon tetrachlorid and the color removed with a few small portions of water.

The combined washings should be shaken out once with carbon tetrachlorid to get

rid of dissolved dichlorhydrin. The aqueous solution may contain the lugher sul-

phonated triphenylmethane colors or perhaps sulphonated indulin. These dyes,

like Acid Magenta, are accompanied by large amounts of subsidiary products, and

their solubilities can not be established with, any definiteness. For their further

differentiation compare theh* properties as shown in the tables.

Sec. 6. The amyl alcohol extract of the strongly acid salt solution, if colored, is

washed four or five times with fourth-normal hydrochloric acid, the washings being

kept separately. No. 108 and No. 692 predominate in the first washings, while the

acidity is still high, because of hydrochloric acid dissolved in the amyl alcohol. No.

106, No. 107, and No. 94 come out in large proportion when the acidity of the lower

layer, after the shaking, is below seven-tenths normal (usually about the tliii'd wash-

ing). Ob"sdously a stronger acid than fourth-normal may be used at first, but it is

usually better in practice to wash with this concentration and refractionate if neces-

sary. The dyes that may be present in the acid amyl alcohol extract show a gradual

transition in theii- distribution ratios relative to amyl alcohol (and other like solvents)

and hydrochloric acid of varying concentration. Consequently the acid normalities

to be chosen in working with an unknown mixture must be selected somewhat accord-

ing to probabilities.

Comparison of the appearance of the different washings usually will show whether

more than one color is present which is extracted by fourth-normal hydrochloric acid

in considerable proportion. The amyl alcohol is reserved for the treatment described

in section 7 or 8. No. 108 may be separated from Nos. 106, 107, and 94 by fractiona-

tion between two-normal hydrochloric acid and amyl alcohol. Nos. 692 and 8 can be

separated from Nos. 106, 107, and 94 similarly with eight-normal sulphxuic acid and
a mixture of equal volumes of amyl alcohol and gasoline; although, since the acid is

somewhat difficult to remove afterwards, the procedure is better ada])ted for sepa-

rating the last-named dyes in pure condition than Nos. 692 and 8. For Nos. 106, 107,

and 94, the amyl alcohol gasoline solution is washed with a little water to take out the

dye. Thi.s solution is treated with one-half its volume or more of concentrated hydro-

chloric acid and is reextracted with amyl alcohol. This latter solution may now be
washed with a few portions of hydrochloiic ac-id of from four to six normal strength to

remove sulphuric acid. The dye is finally removed with a little water and the color

obtained in pure condil ion ('for the cyanid reaction, for example) l)y evaporation to dry-

nefiH on the steam baf li . The dyes in the sulphuric acid solution are best separated l)y

anilln Ccompare p. 23j; but the final removal of this solvent is tedious. No. 94 must
be separated from No. 100 and No. 107 by anilin and fourth-normal hydrochloric

acid in 5 or 6 per cent salt solution. After the fractionation the dissolved anilin in

the wjlutions must be carefully removed by several extractions with carbon tetra-

chlorid or other convenient w^lvent from tlie faintly alkaline solution.

Commereial No. 692 and No. 8 are made l)y direct sulphonat ion of coloring matlers

and are rather indefinite in composition. It will often be more convenient to divide
the wjlution.s of the colors of tills gronj) and to destroy different dyes in the various

portions, liy cautious treatment with "IMankite" (Na.^S/).,) in acid solution, sub-

sequently shaking with air to restore the blue, No. 692 may be separated from the azo

colors.
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By reduction in ammoniacal solution, avoiding excess of "Blankite," No. 106 and
No. 107 may be destroyed, while No. 8 is merely converted into the hydrazo com-
poimd and may be restored by shaking with aii\ No. 692 is destroyed by -warming

in acid solution containing a little ui-ea and a drop of sodium nitrite solution, while

Nos. 106, 107, and 108 are scarcely attacked. The cyanid reaction is best suited for

the examination of mixtm'es of No. 106 and No. 107.

The dyes of this group, because of their ready solubility in water and fruit juices,

are well adapted and largely employed for food coloring. Hence the application of

the data given in the solubility table, etc., has been indicated rather more fully here

than for the other classes.

Sec. 7. The amyl alcohol extract after being washed with foui-th-normal hydro-

chloric acid may be similarly washed with sixteenth-normal hydrochloric acid;

although unless No. 14 or No. 188 appear to be present this step usually will be
omitted.

Sec. 8. The amyl alcohol is now measm'ed, diluted with an equal volume of low-

boUing-point gasoline, and washed first with foiu-th-normal hydrochloric acid two or

three times, then sim ilarly with sixteenth-normal hydrochloric acid, with sixty-

foiu'th-normal hydrochloric acid, with sixty-foru'th-normal acetic acid, and finally

with sixty-foui'th-normal sodium hydroxid. The dyes separated here include a

large number of indi\'iduals and the treatment most desirable for any given mixture

can best be judged after reference to the tables, pages 24 to 29. Obviously, the

normalities stated are chosen somewhat arbitrarily, any two dyes contiguous in the

table usually differing little from each other in solubility. When the appearance, etc.

,

of the different fractions indicate the presence of more than one dye, the coloring mat-

ters must be obtained in pure condition by refractionation. Although the acid amy! al-

cohol extract, after dilution with gasoline, appears to yield all its color to the acid wash-

ings, it must nevertheless be shaken with the alkahne solution before being discarded,

since a number of the weakly acid coloring matters (most of which, it is true, do not

properly come in this group) are nearly colorless when dissolved in the neutral or acid

organic solvent.

Naphthol yellow S, which predominates in the first strongly acid washings, is also

nearly colorless in acid solutions, and a portion from these solutions must always Ije

tested for this dye by making double normal with hydrochloric acid and shaking with

washed ethyl acetate. If the separated solvent is found by treatment with alkali to

have taken up a yellow dye , the remainder of the fractions containing it are treated in the

same way with the acetate. Although the washings of low acidity may contain some

coloring matters, the major portion of such dyes will be in the amyl alcohol extract

of the neutral salt solution. It is best, therefore, to set aside the sixty-fourth-normal

acetic acid and the sixty-fourth-normal sodium hydroxid washings until after the

examination of the neutral salt amyl alcohol extract has been made; or these solutions

may be mixed with the corresponding ones obtained by the processes outlined in

sections 11 and 12 and may be worked up with them. Or, finally, the amyl alcohol

gasoline mixtiu'e, after washing with sixty-fourth-normal hydrochloric acid, may be

reserved and combined with the similar mixtiu-e described in section 10.

Sec. 9. For the separation by chemical means of closely similar dyes of these

gTOups some of the more useful general methods may be indicated here.

The reaction Avith cyanid (page 52) may be used for the separation of R-salt deriva-

tives (Nos. 55, 56, 65, 15) from mixtures with isomers.

Methods based on reduction and subsequent oxidation are applicable for the destruc-

tion of azo and nitro colors in presence of most other classes of colors, as indicated in

the tables of Weingartner and of Rota.

By cautious reduction in sodium carbonate or ammoniacal solution oxyazo dyes

tend to be attacked more rapidly than aminoazo dyes. It must be remembered.
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however, that new dyes may also be formed by partial reduction in the case of polyazo

or nitroazo derivatives.

The halogenated fluorescein derivatives are much more resistant to bromin in

acid solution than are most other colors. They tend, however, to add bromin unless

fully substituted. Most of the azo dyes are much more readily destroyed by bromin

in alkaline solution than is Naphthol yellow S . ^fixtures are made fourth-normal or

above with sodium carbonate and are treated with dilute bromin water very cautiously

until the azo dye is just destroyed or until the solution has become a clear yellow.

Hydrazin sulphate is now added quickly to destroy excess of bromin; the mixture

is finally acidified, and the yellow purified by extraction with an immiscible solvent.

This procedure is seldom so satisfactory as the regular extraction with ethyl acetate

or amyl acetate, and is not applicable in the presence of Nos. 62, 64, 65, and 188,which
form intensely blue substances by this treatment.

Sec. 10. The amyl alcohol extract obtained by shaking out the original mixture

after adding 5 or 6 per cent salt will contain practically all of any basic dyes present.

Most of the acid dyes of low sulphur content are also almost completely extracted.

The extract is measured, diluted with an equal volume of gasoline, then washed a

few times with sixty-fourth-normal hydrochloric acid. The washings, if colored, are

treated aa directed in section 11. The extract is next shaken out with sixty-fourth-

normal acetic acid, these washings being treated according to section 12. Eosins and

(in general) coloring matters that are unsulphonated phenolic compounds are now
removed by a few portions of sixty-fourth-normal sodium hydroxid solution, this

fraction being treated according to section 13. The amyl alcohol gasoline mixture is

finally washed once with ver^' dilute acetic acid and, if still containing any signifi-

cant amount of coloring matter, is evaporated to dryness on the steam bath, the

residue being examined according to section 14.

Sec. 11. The washings of sixty-fourth-normal hydrochloric acid (sec. 10) are tested

for basic dyes by making a small portion alkaline with sodium hydroxid, shaking

with ether, then treating the ether solution, which is usually colorless, with dilute

acetic acid.' If the latter becomes colored, indicating the presence of basic dyes,

the alkaline test portion may be shaken out once or twice more to determine whether

or not acid dyes are also present in this fraction. If these tests indicate the presence

of both acid and basic colors, the acid colors must be removed by making the principal

part of the sixty-fourth-normal hydrochloric acid extract alkahne (normal with

sodium hydroxid) and extracting with ether. From the combined ether portions

the Ijasic dyes are removed by washing—first with sixty-fourth-normal acetic acid,

finally with dilute hydrochloric acid. This treatment should be omitted if acid dyes

are absent, since most l^asic colors are unstable in alkaline solutions, Auramin, espe-

cially, suffering decomposition rapidly. The basic colors may be further fractionated

from arayl alcohol with dilute hydrochloric acid, from ether with very dilute alkali,

etc. The separation of basic colors from alkaline solutions by immiscible solvents is

rather oijjectionable, since such colors (aricording to Kehrmann, Havas, and Grand-
mougin ^) suffer rearrangement fnnn ortho-quinoid to para-quinoid structure. This

change is attended in compounds such as Crystal Violet, containing only fully allcy-

lated amino grouyjs, l)y eliminalion of one of the alkyl groups. The original dye
may not ]>o, ol)tained therefore, but, instead, the lower alkylated derivative.

The alkaline solution, after removal of the basic dyes with ether, is made about
normal with hydrochloric acid and is shaken out with amyl alcohol gasoline mixture.

Any coloring matter extracted here probably will be a minor portion of a dye already

obtained by the procedure described under section 8, and its furtlier fractionation will bo

carrifid out as stated in that paragraph; or the solution containing it may be combined

' O. N. Witt, Z. Antil. Chem. 20 (1887), 100. Wolngiirtnor, Z. Anal. Chom. 27 (1888), 2152.

» Ber. Chcm. Ges. 46 (lai.J), 2i:jl; 47 (191-1), 1881.
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with the similar solution obtained by the procedure outlined in section 8 and both

fractionated together.

The normal hydrochloric acid solution is again partly neutralized by addition of

sodium hydroxid (to I'oui-th-normal or lessj and is shaken out with a mixture of 3

volumes carbon tetrachlorid and 1 volume dichlorhydrin to extract the lower sul-

phonated triphenylmethane dyes. These may be obtained in water solution again,

by washing out with water after adding more carbon tetrachlorid.

Sec. 12. The acetic acid solution obtained by the procedm-e described in section

10 will contain the chief part of any monosulphonated monazo dyes present. Such

colors may be further fractionated, with amyl alcohol and normal sodiiun carbonate,

with ether and dilute hydrochloric acid, etc.

The coloring matters of this gi'oup may appear in small proportion in the fractiona-

tion described in section 8, and obviously the similar solutions there described may be

combined with the acetic acid solution obtained as described in section 10.

Sec. 13. The main part of the eosin dyes, and of unsulphonated water-soluble acid

colors in general, will be found in the sixty-fourth-normal sodium hydroxid solution

obtained by the extraction described in section 10. A large proportion of the natural

coloring substances also appear here.

The eosin dyes may be fractionated between normal sodium hydroxid and amyl

alcohol or amyl alcohol gasoline mixture (3:1).

The acid dyes also having basic tendencies, as Fluorescein (No. 510), Metanil

Yellow (No. 95), etc., differ from the others in being extracted from strongly acid solu-

tions in smaller amounts than from weakly acid solutions, and this property offers a

suitable means for their separation (pages 27-28) . These colors, as already pointed out,

mav be obtained, though in most cases in very small proportion, in the amyl alcohol

o-asoline solution obtained by the extraction described in section 8.

Sec. 14.—The residue mentioned in section 10 is moistened with a small drop of

alcohol and then some ether and sixty-fourth-normal hydrochloric acid are added.

The mixtiu'e is pom'ed into a separatory funnel and is shaken. The aqueous layer is

drawn off, and if dyes coloring the aqueous solution were present, the ether is washed

a few times farther with the sixty-foujth-normal acid, to remove them. The acid

solution contains the rhodamins, perhaps also some of the basic azo colors.

The ether solution if colored is now washed a few times with four-normal hydro-

chloric acid, the washings being neutralized at once and reserv^ed for treatment accord-

ing to section 15.

The ether is finally washed a few times with water to remove acid; then it is taken to

dryness on the steam bath and the residue treated according to section 16.

gj.(. ]^5 This group, consisting of oil-soluble colors, may be further separated by

taking up the dye in gasoline or petroleum ether from the neutralized solution obtained

as described in section 14, and fractionating from this solvent with methyl alcohol, 70

per cent or above. (See pages 32-33.) Ortho-tolueneazo-/3-naphthylamin suffers de-

composition rather rapidly in strongly acid solutions. On the other hand, both it and

the lower benzene homologue, when their ether solutions are shaken with acid, are

extracted, but slowly, the amount of color removed from the ether depending on the

time of contact of the two layers. The substance in the ether layer would thus seem

to imdergo rearrangement before forming the water-soluble salt, but one or both forms

suffer complete decomposition by prolonged standing with the acid.

Sec. 16.—The residue containing Sudans, etc., may be treated with measured quan-

tities of methyl alcohol, water, and sodium hydroxid in the proportions necessary to

bring the mixture to foui'th-normal alkalinity in 80 per cent alcohol; the solution then

may be shaken out with gasoline. Quinolin Yellow and a-naphthol derivatives

remain chiefly in the alkaline solvent. The petroleum ether is washed again, if neces-

sary, with the same mixture, then treated as described in section 17.
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Sec. 17.—The Sudans and similar dyes of this group may be further separated with

gasoline and 90 per cent methyl alcohol. They may be separated from troublesome

accompanying oily impurities, by shaking out the gasoline solution with 85 per cent

phosphoric acid to which has been added from 10 to 20 per cent of concentrated sul-

phmic acid, though some dye is likely to be destroyed in this treatment.

Like the colora described in sections 15 and 16, these dyes are almost quantitatively

removed fi-om gasoline solution by 90 per cent phenol. The phenol may, of course^

be dissolved in alkali and the color again taken up with ether or gasoline, effecting a
eepai'ation from some impurities.

Sec is.—When Naphthol green B is present the salt solution should not be made
strongly acid since small amounts of tliis dye decompose quickly in acid solution.

When its presence is suspected, the neutral salt mixtm-e may be first extracted with
dichlorhydrin washed once with benzene to remove the dissolved solvent, made half

normal with hydrochloric acid, and then shaken out with anilin. (It is best to add
the solvent before the acid.) From the anilin solution the dyes may be fractionated

by shaking out with 5 or 6 per cent salt solution which contains hydrochloric acid

varying from fourth-normal to sixty-fourth-normal.

No outline in the form of a key can be so useful as a table of solu-

bilities. The solvents and the order in which they are to be used
obviously may be varied when the analyst has information regarding

the source and appearance of a sample. For example, in the case of

the red color solution obtained from commercial cocktail cherries

known to be ordinarily colored with Erythrosin, it would be better

to make such solution acid and shake it out with ether first, the
complete extraction of the dye indicating at once the absence of all

excepting one group of colors.

In the examination of dye solutions the analyst of some experience

often will prefer (especially with colors extracted from acid solu-

tions by amyl alcohol) to wash the organic solvent extract with
successive small portions of water instead of with hydrochloric acid

or other aqueous solvent of definite concentration. In the case of

an acid amyl alcohol extract much hydrochloric acid is taken up by
the solvent along with the coloring matter. The acid is washed out
rather slowly, and as a result of this gradually decreasing acidity of

the washing coloring matters of different solubility will appear in

maximum amount in dilTcrent fractions, the order being apparent
from the solubility tables. With binary mixtures usually some of

each c(jlor is tlms obtained pure enough for identification.

The writer prefers, after fractionating the colors into the main
groups {is just described, to try the bromin test (page 47). The be-
havior with acids Inis already been seen in the com'se of the separation,

and that with alkaU can be qui(;k!y ascertained. Ordinarily these will

indicate the fraction to contam but one coloring matter. This is

then dyed out from a portion of tlio solution, and its shade and reac-

tions on the fiber with reagents nrv, compared with standards or with
statements in the tables, in which, to faciUtate compaj'ison, the dyes
have been arranged in the; order of their solubility. Since the color

61147°—Bull. 448-17 3
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changes produced in dilute dye solutions, by addition of acids and
alkalies, are closely parallel to those shown by the same reagents on
the dyed wool, a single table indicating the reactions on the fiber is

sufficient in practice.

Even when the tests have indicated that the fraction still contains

a mixture of dyes, they will have shown, in most cases, the absence

dl many colors of the group, and will have indicated positively

which colors are probably present.
""

ABRroGED PROCEDURE FOR PERMITTED DYES ONLY.

A convenient abridgment of the fractionation procedure, suit-

able when it seems probable that only permitted dyes are present,

is the following :

^

The solution or well divided solid matter containing the color is

treated with one-half its volume of concentrated hydrochloric acid

and is then extracted a few times with amyl alcohol. (For precau-

tion concerning concentration in examining commercial food colors,

see page 4.) The alcohol extracts are combined, then washed with

iour or five portions of fourth-normal hydrochloric acid, or until this

solvent extracts very little color. These washings will contain any

Indigo Carmine, Tartrazin, and Amaranth which were present in

the alcohol solution. Indigo Carmine is removed from the amyl

alcohol somewhat more readily than are the other two dyes. With
ordinary concentrations little or no Ponceau will be removed.

The amyl alcohol is then measured, if necessary, treated with an

equal volume of petroleum ether or low-boiling-point gasoline, and

again washed several times with fourth-normal hydrochloric acid to

extract Ponceau 3 P and Naphthol yellow S. Or, without dilu-

tion with gasoline, it may be washed with 5 per cent salt solution

until these two dyes are taken out. After the Ponceau and Yellow

have been removed the amyl alcohol, which contams an equal volume

of gasoline, is washed a few times with water, thus extracting Orange

I. After the removal of this dye the solution, although perhaps ap-

pearing almost colorless, is shaken out with a very dilute caustic soda

.solution to remove Erythrosin.

If considerable Orange I is present, some of it may contaminate

the washings containing the Ponceau 3 R and Naphthol yellow S,

especially when these have been separated by means of fourth-

normal hydrochloric acid after addition of gasoline.

The fourth-normal hydrochloric acid washings of the amyl alcohol

may contain Indigo Carmine, Amaranth, and Tartrazin, their appear-

ance in most cases indicating which of these dyes may be present.

Instead of attempting to separate the dyes by fractionation the fourth-

normal hydrochloric acid solution may be evaporated to dryness,

1 See also Price, U. S. Dept. Agr., Bur. Anim. Ind. Circ. 180.
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the residue dissolved iii water, and the constituent colors identified

in portions of this solution. A portion of the slightly acidified solu-

tion may be warmed, and a few decigrams of urea and then one or

two drops of sodium nitrite solution added. Indigo Carmme is con-

verted into the pale yellow Isatinsulphonate, while the other dyes

are but little affected. The Isatin compound is not ordinarily pres-

ent m sufficient concentration to tmt the solution, but it differs from

Tartrazin also in being much less readily extracted by amyl alcohol

from strong acid solution (less than one-half from four-normal acid).

Amaranth is much more quickly attacked hy most reducing agents

than Tartrazin, and may be destroyed in mixtures containing Tar-

trazin by treating the neutral or faintly acid solution at room tem-

perature with sodium hydrosulphite. (In the presence of sodium
carbonate the reduction of Tartrazm takes place still, more slowly.)

The reagent should be added very carefully, either in dilute solution

or as the powder, sufficient time being allowed after each addition for

the reduction to take place. When the color shows that the Ama-
ranth has been completely destroyed, the mixture should be shaken

at once with air to oxidize the slight excess of hydrosulphite before it

can react further on the Tartrazin. To separate the Indigo Car-

mine another portion of the neutral or faintly acid solution may be

heated to boiling and hydrosulphite added very carefully, a few par-

ticles at a time, until all the dyes are reduced. On shakmg with air

the Indigo Carmine is ciuickiy re-formed.

The fourth-normal acid solution (or the salt solution) containing

the Ponceau and Naphthol yellow S is treated with enough hydro-

chloric acid to make it about twice normal, and is shaken out a few

times with washed ethyl acetate.^ The yellow is removed from the

combined ethyl acetate extracts by shakhig out with water. It must
always be remembered that Naphthol yellow S is almost colorless in

strongly acid solutions, and its absence in v/ashings, etc., must never

be assumed until they liave been made alkaline. The Ponceau 3 R
is finally separated from the acid solution by shakuig the solution with

amyl alcohol, then washing out the dye from this extract with a few

small portions of water.

^Vllen (with mixtures containing Orange I) the washings of the

ethyl acetate, which should contain only Naphthol yellow S, become
redder with alkalies, they should be combined, made fourth-normal

with liydrochloric acid, and the contaminating orange removed by
extracting with amyl alcohol gasoline mixture (1:1). Or they may
bo tr(!atcd with one-fifth their volume of concentrated hydrochloric

acid and the dyes extracted by shaking once with amyl alcohol.

From this solution the yellow may bo removed by washing with

several portions of 5 per cent salt solution.

' UhC'I Instead of amyl acetatem suggested by LDoml^, U. S. Dopt. Agr., Tlnr. Cliom. Bui. No. I(i2, p. !>7.



20 BULLETIN 448, U. S. DEPARTMEN'T OF AGRICULTURE.

The original mixture, from v/hich. tlie seven colors described were
separated by adding acid and shaking out with amyl alcohol, may still

contain Light green S F yellowish, which will be colorless or nearly

so in the acid solution. To separate this dye the mixture is treated.

with strong ammonia or potassium hydroxid solution until slightly

alkaline, then neutralized with acetic acid. Any green that is pres-

ent will now be apparent by the color of the mixture and may be
extracted by shaking with a few small portions of dichlorhydrin.

After washing the dichlorhydrin extract with a httle water it should

be diluted with several volumes of benzene or carbon tetrachlorid.

The dye is then taken out with water.

Besides the well-known reactions of acids and alkalies on the dyed
fiber or with the solution, a few tests may be mentioned as best

suited for the quick characterization of the different colors obtained

in this separation. Indigo Carmine is extracted in rather small pro-

portions from acid aqueous solutions by dichlorhydrin, differing in

this respect from nearly all the other common blue dyes. The bromin
test (p. 47) and the reactions with acids and alkalies usually are suf-

ficient for the identification of Tartrazin after its separation. New
Coccin (No. 106) and Ponceau 6 R (No. 108) are the only other com-
mon red dyes of solubility similar to that of Amaranth. Both are yel-

lowish in shade, the former markedly so. Ponceau 3 R, when treated

with barium chlorid and enough sodium acetate to neutralize any free

hydrochloric acid present, gives a bluish-red flocculent precipitate,

the supernatant liquid being left practically colorless. Ponceau 2 R
gives a carmine red precipitate; but most other red dyes of similar

solubihty do not form particularly insoluble barium salts. Naphthol
yellow S in solutions treated with an excess of ammonia or sodium
carbonate becomes intensely rose colored on addition of sodium hydro-

sulphite, the color gradually fading again as complete reduction takes

place. Orange I is well characterized by its solubfiity and behavior

with acids and alkalies. Erythrosin is perhaps best further iden-

tified by a test for iodin. Some of the color solution containing a

slight excess of alkali is evapora^ted to dryness, the residue heated to

redness, and the ash taken up with water and acidified with sulphuric

acid. Iodin may be tested for in the usual ways, such as with carbon

tetrachlorid a,nd a small drop of sodium nitrite, or with starch paste

and an oxidizmg agent. It is useless to test for iodin with very

small amounts of dye, but in most cases sufficient coloring matter

will be available to give satisfactory results.

TREATMENT OF SOLUTION KESEEVED FOR TESTING FOE NATURAL COLORING
SUBSTANCES.

If coal-tar dyes have been found, the treatment for their separa-

tion will have given much information as to natural colors that may
be present. Many of the natural colors will have been separated in
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fairly pure condition b}^ the fractionation and the solutions obtained

will be ready for identification tests. Obviously, no essential differ-

ence exists between these and the so-called coal-tar colors ; as a class,

however, they show much less tendency to dye wool than do the

common synthetic colors, and m addition are in many cases so sensi=

tive to alkahes as to be completely destroyed in the double-dyeing

test; i. e., by dyeing, stripping the fiber with dilute ammonia, acidi-

fying, and dyeing again. The preliminary dyeing with wool described

on page 8 serves fairly well in practice as a fii'st indication of

the course to be followed; but when for some reason the results

obtained are not decisive, the general treatment for coal-tar colors

with immiscible solvents should be carried out with consideration of

solubihties of the coloring matters described in the footnotes in the

tables of solubilities. In the dyeing test not only are certain S}ti-

thetic dyes, especially Aiu-amin, mistable under the conditions of

treatment and likely to be destroyed ; but, on the other hand. Archil, and
to a lesser extent other natural colors, may give well-marked dyeings.

The crude products constituting the commercial natural coloring

matters in most cases are mixtures containing several closely related

chemical individuals. These may have different solubilities, but

usually they contain the same chromophore groups, and are of closely

similar shade. In practice, the analyst will scarcely attempt a full

separation, but having identified the coloring matter in one fraction,

can judge as to the likelihood of the other substances present being

derived from the same soiu'ce.

The natural colors as a class do not contain strongly acidic groups,

and their distribution ratios between immiscible solvents do not show
wide variations with the acidity of the latter, at least not within

convenient limits. The coloring matters of cochineal and tm'meric

give less trouble than the others, partly because they are less hete-

rogeneous.

When coal-tar dyes are absent, and it is desired to fractionate with

immiscible solvents, it is best to -begin extraction with neutral solu-

tions; perhaps first using ether (petroleum ether is better when
chlorophyll and the accompanying leaf colors are to be separated).

The final extraction may be made with amyl alcohol from acid solu-

tion, but it is of no advantage to have the acidity high, not, perhaps,

above thirty-s(!cond normal. The anthocyans wliich constitute tlic

coloring matters of the common red fruits and flowers are glucosids,

and are extract(!d from acid solution only in very small amountby amyl
alcohol and similar solvents. Tlieir ncutrad solutions may be treated

with excess of lead acetate solution (normal salt) when practically

aU of the glucosid will b(; precij)itat(!d. Tliis mixture may be cen-

trifugcid and the precipitate waslicd in tlie centrifuge tubes with
several portions of water until sugar and similar soluble substances
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ÔJ

a "•

?1'^ 'rl' e i

2'2e
OKO CO P

IS s 1^ -t'<
cc 'O yi>

5S .c S S? .-5 « ceo© <-• CI CO -^
»0 liO ^O to <jp (O to



28 BULLETIN 448, U. S. DEPARTMENT OF AGBICULTURE.

yl

alcoholl

oline

(3:1)

N

sodium

ydroxid

Dlution.

0)

1
ft

tn c3 ro

X

o'S

sal

X

go
as

OJ-W 1 ^+3 2.=!^
> Oh > 1^ ^ <

i^0i OJ

4^ ^

a
"g-d ^1

?3

g S K ^x
3 tu a X

<
3""

Pi i-:i <;

o 32^ .

0,0)'^ -S

S§§l^
l''°l-g .!^«l^2
K ^

Amyl

alcohol

gasoline

mix-

ture

(1:1)

and

N/64

sodium

hydroxid

solution.

03

a
3*"

ther

and

droi'hloric

.

oi

varying

oentration.

« o3;~rS l-v- r^ *•-* ^^ _^ f^ ssig
03 « ^ rr <=!

§'3
'2 03 «

*^
. s

vS'd-S 0) ^ 91?
S'O C to H X a<u
g M 03 c; 0) a>

>-! <

g;^4 i^lS • >^'S xS
C3

•• Sh aj— 4) ~~~-

^ 03 p. '3'S C3IS>

Amyl

alco

line

mixti

and

dilut(

chloric

«5 -d s^-M OJ C3 •1;?-S S-S*'
S'S S S'«

s|g a_j3 G 2 a
.5-3 03

^ ^ <)

x; >< " CIS^'SBt2 .
03 (ji-rt 03 .

'sS'Ss— '-' t-—' "to
wa':i <^ 0— 5--J3

BM <

lll?l

.

§1 S-^
a -5

X

pgSi| "3 * a 2 "cS • s-sl la •

° i'>.a.a'S
S|

03 037;
^g

Amyand
matel

(5-6sodiui

sol

<1

ixS
q « 03

aS

&^'
i-* 00
<v ^ s;:H

'o^'o

^§
>> MM

c'-d d

2| ^' d e^

£2 u

_o
s 0^

.us § o'O'O'O g
O) sX 0) 0) u ^^
>1 «« p:;« pqpqtfiyrt fS pqPQ ffl

• &i N 1-i M COO 33 <M u-^ t-oc o-< s
ti ..^"^ a: 00 QCf=4 (N (NCDrt ^ -( f-4 F-l (N C^ w

tiC4^

O.S C3

* ^i=^ -rip M (MifS >0 10 U5 »0 *0
5?

t^ a

10 'O t— 00 a» i-HIMCO-l" >0 1>- ooai

^ -0 5 -a 1^ t-t-t>.I:~t^ t^ t^ ^ c^ GO



FOOD-COLORING SUBSTANCES. 29

Amylalcohol nasolino

(3:1)

and

normal

sodium

hydroxid

solution.

Amylalcoliol

and

normal

sodium

hydroxid

solution.

»3¥
'2g

Little

extracted,

N
to

N/64,

ex-

ce])t

6;

N,

al-

most

all

ex-

tracted;

N/64,

morethan

one-

half

extracted;

3,

less

than

one-half

ex-

tracted

from

N.

Amylalcoliol

Kasoline

mixture

(1:1)

and

N/64

sodium

hydroxid

solution.

lis
S'-="2

O fc.2

Almost

all

ex-

tracted

at

normalities

1/64

and

above.

Amyl

alcohol

Kasoline

mixture

and

N/64

acetic

acid

(mixture,

1:1).

si

-Vmyl

alcohol

pi.soliiie

mixture

(1:1)

and

dilute

hydrocliloric

acid.

Almost

all

ex-

tracted

at

normalities

1/64

and

above.

Amylalcoliol

and

dilute

hydrochloric

acid.

.Vlmost

all

ex-

tracted

at

normalities

1/6

4

and

above.

Amylalcoliol

and"

approxi-

mate

iy

normal

(,V<>

per

cent)

sodium

chlorid

solution.

.\Imost:i

11
ex-

tracted.

11

Oninco

yellow.

Yellow."
Oniuce

yellow.

Alkaline

solution,

violet.

Alkaline

solution

,

retidish

brown.

Alkaline

solution,

orange.

2^1

CT « fs -r Js. o
4 M «> i-

V. SS!5?7. y. S

OS'S ft

o22

p a

£•-<

ojqSS a 2ao!!sg-a

T-j_, C3
ffl £ U

§ i.§ a.H g

o§.|-gS
• a=H w o
S£L-g'^T3

°.a r^-o 03.2

i.-a© l-o?

03.2

i © C3 Xf

^.2-5

g.a^

lil
|t|

© ®.u
'c 55 'a

§a^

©.a+j^ ©12;

m-*4S © >H o

©g a o ^.-a

03 a m2 o t»»

^ig©et>
-fe.2g, -«

[, © ©.S 3t)
S'2S©^-3
© oS'S'^T "
^^°=!o.2 ,

^?^££?|

ia.g«s=5.a

a a ;^ >, o o 2

5, 03 i- >H a !>,a

-:; a.a.c o^ b

©.a a "js li©

•S o o K

©X b "-

O B-^-g

'o T' ,9 ^
I- — i!

'

«^ CT^ '

•3 rt. -'-'
I

iP3-

a ©

.2t?-^ S

'S iiS S; 03 j^
-

H t*. ^ :n fa.. 03^
a'S'p ^-o ©-^

^- o '^ '=^ 3

agSa-3.^js.

gB-^fea-sig
^ a BT?— fc?--

'

g£§S«.2^
II

c: © B :;'-"x3 SE-"-i M a;

o— " a ^ ©« • • k.'B

>-;i.a.-t.'^L.©a^

*-_00.-B©?!->, "

b—t^a ^^H ^^•S
o a* £'^-•9 &-^ aS



30 BULLETIN 448, V. S. DEPARTMENT OF AGRICULTURE.

.2 C^ i^ CD
"^ I- -^
^® S .

o o'd'^ =«

ft

t£ o 3 ot? !» ® ' S
g-a o*^ 3 g B a ^^

t^ o p

H o-O 2 2

?f«

<] bo

gig
Mr<J >s

a2
ITS
MX! 2 £'3

S „®
tt-S

>®

03 ITS

t 4^

•—* c3

C3 is

o .

<a

pTI >>

;s2
ca »

!z;

32;

<1

_*j to-" r!

3 03 ;:) u o
<1

g§

0.2 "S

a> ®

S "^ s

g 3 03 Q

o o

— (C
o »

« O
.So

00 C0005 'i^oo
10 C5 >0 CO OC .<*i

CO ..3^ to CO »0 *:!<

CO t^ 00 Oi O ^H
OS o>00 O O



POOD-COLOEING SUBSTANCES. 31

I'i

1.1- ^?; -So04J

A-

?2§:M

«»-.

.d

fl

•r^

J3 Zj

0) <o

H^

X

m

'^
<1)

> ot

5

£3

5-2#S

i
lls'g
— "Ow a

i 5^1 §

1

"i*"

Pi.
' ^S2.2 ^s

nyl
I
no

uu
solu ll

J5«
'• a -'

•<

3
u 3 "3 0*3 94/ 00 Sa

>> 00 OOQ 00

f t ^^ "^

II II
cqcQ cQn

38 SS 8'o 8S 2=; 22 3^



32 BULLETIN 448, U. S. DEPARTMENT OF AGETCULTUKE.

i

i

* ^ !^ X
«

X"3

•2
»
© «-«

©

fi'-S'x §f
""tJ

i'S ^f^TJ
p,© "^6

-S- gg£ §§ >-.'§ fti

.5l

03 4j ©

§ 1^ '"is ^1
.2 X
fi

" i|
1
g

g^ <; >* > ij'^ U <
_^ C? ~+r*i ^ <D ^ 1

« c3t3
o 0* •

2 -a

X
©

.S 3

8 o

II
ag ^1

ft t3

fe ~ "
.2'><

5® Si

^c5
t, 03

at h
£5-X

<) > a > h-3 '^

°t , , a? ^ ^ © ^ ,

a 1^
S -a

m C3 cs

+3 .

•S-C ^'6
X

o d o -w 5 "SS
-< p ^ ©

o *j ^^ C3 ,.
" •=^15 03 -O

^6 a2

.3

ftg

Si
© J3

3 ®

a

a

h^ > > h3
'^

« , © , , <a3 -JJ

a
S

x X
© ^g

C3

"""S
oT3 « So ^© ^0

o SI
ftg

3 »

CT ©
© ?^

3 "
^1
.2 X
si

<^

o h5 > J*" h:? >

d

dilute

hydro-

icid

(colors

are

ly

extracted

by

m

dilute

acetic

N
to

N/64).

2—

'

.2I

»1

li
15

is is

©s s s

1

C3

^

d " 0) O - 7" =3 • c .-

«

r- C3-a 2 X ,Ct3

Ether

a:

chloric
3omplet

ether

fn
acid

go 1§

2"*

*

<r ^ •* * Ph

4 . .^ -agS rs!

Amyl

ale

hoi

gaso

line

mix

ture

(1:1

ia^-'
I-. t-

Has
H

Amyl

alco-

hol

and

various
aqueous

solven

.

ilf
3; cS o-«

ilSa#
g^ao;S
3 M c3 1> a .

u
<£> k ;J i- * ^ n35 C» s

_o D 2, 2 £ 'O
o'-g

3
>>

a! J "3
S £

S-o
fcjO bi3 BO J a a

610 a
o " C a a 13 ^ 5: c a
O S TI 3 t3 c3 03 03

U z M u CJ ;-• t-< tH ;~t

cD C3 ^^ ffl pe CQ

©
J "3 1

c

a
©
'0 5

ft
03

a
a

U4 C8 3 a ^ "5-

T! A ft q h Ch

s
3

2
2 c

6
A

i

a
o3
©

c3

ill
A

©

i
"o
O

a

£

li
•

3

2

i
s
a

^ s

.

a §-9

2 -si
3.9a|

3

&
d
'3

8
A
03
©
s

a

1

^5

= 12 S"

A?
©
s

03

s

x^

M
1

R < < C5 & n i w s B

to ^ -Jf CD 0= ^ o>
,

4^ § >o
* *

* *

Q' ^ 00 cn ^ (M CO * 10 «5 J>

;?; =1
-1 C-l
H r-t

(M (M c Cq IN



food-coloeijstg substances. 33

s -g

Pi a

6 I *

i U s

3S=2 £2

HP' H
no £

?? ?i S



34 BULLETIN 448, U. S. DEPAKTMEXT OE AGEICULTURE.

have been removed. The precipitate may then be dissolved in hydro-

chloric acid of 10 or 15 per cent strength. After whirling again in

the centrifuge to separate the lead chlorid thrown out of the solu-

tion , the clear red liquid is shaken out once or twice with amyl
alcohol to remove various extractives soluble in this substance. It

may then be boiled for a short tune, by which means the glucosid

is hydrolyzed, the derived coloring matter, or anthocyanidin, being

produced. This may now be extracted and obtained in fairly pure

solution by shaking out with amyl alcohol. The anthocyanidins,

according to Willstaetter/ are oxonium bases, containing also acidic

phenolic groups. They are not very readily soluble in amyl alcohol

though relatively more so than in aqueous liquids.

The coloring principles of saffron and of Persian berries also consist

chiefly of glucosids, though the lead salts of these are relatively more
soluble. These glucosids also are readily hydrolyzed by boiling with

acid, but the change in case of saffron is attended with destruction of

much coloring matter, at least when the hydrolysis is carried out in

the ordinary manner, with free access of air. Berberine is said to be

the only common natural basic coloring matter and it is seldom, if

ever, found in food products.

By extraction from neutral solutions with ether, the leaf pigments

(identical or similar colors are also found in egg yolk,^ fats and oils,^

carrots, and tomatoes *) are taken up. They are reinoved from this

solvent by washing with dilute alkali.

Coloring matters of alkanet, annatto, turmeric, and of the red dye-

woods (sandalwood, camwood, and barwood) a,re very readily and com-
pletely extracted by ether from slightly acid solutions. The flavone

coloring matters of fustic, of Persian berries (after hydrolysis), and

of quercitron, also the coloring matter of brazilwood and the green

derivatives formed from chlorophyll by alkali treatment, are taken up
in very large proportion by ether from slightly acid solutions.

The coloring matters of logwood, of archil, of saffron, and of cochi-

neal are extracted in relatively small amount by ether from slightly

acid solutions, but are largely taken up by amyl alcohol.

Caramel and the anthocyans constituting the red coloring matters

of most common fruits are extracted in relatively small proportion

by amyl alcohol from acid solutions. Ammoniacal cochineal (car-

mine) is similar, but the ordinary coloring matter is readily re-formed

by standing with hydrochloric acid.

iSitzb. kgl. Preuss. Acad. 12 (1914), 402-411. For further papers by Willstaetter and coworkers see

Llebig's Ann. 408 (1915), 1-158.

2 Willstaetter and Eschar, Zeit. Physiol. Chem. 76, (1912), 214.

3 See Palmer and Eekles, Mo. Sta. Research Bui., Nos. 9, 10, 11, 12.

* Willstaetter and StoU, Untersuchmigen ueber Chlorophyll, Berlin (1913).
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roENTIFICATION OF COLORING SUBSTANCES.

COAL-TAR DYES.

The coloring mPttters are usually obtained by the fractionation dis-

solved in various aqueous or organic solvents, but free from non-

volatile substances. Neutral solutions suitable for certain tests are

most easily obtained by evaporating to drjmess and taking up the

residue with water or other suitable solvent.

It is not intended to discuss here the mnumerable tests that

may be used for the individual dyes. There are described a limited

number only of general procedures which are quickly and easily

carried out, and the chemistry of which is for the most part under-

stood. These tests are sufficient for identification in ordinary cases.^

For ready comparision of colors of similar solubility, it is con-

venient to have tables of properties in which the arrangement is based

on the solubiUty. The familiar reactions of reduction and of color

changes with reagents apphed to the dyed fiber are givan in this

order in Tables 2 and 3, these tests being made as follows:

Reactions on dyed Jiher.^—Small pieces or shreds of the dyed wool

are distributed on the porcelain plate and are thoroughly moistened

with the reagents. The fiber must be dry or nearly so, and must have
been dyed in a fahly pure solution of the color, since colorless organic

impurities may easily obscure the reaction.

Reduction and subsequent reoxidation.^—The neutral color solution

is treated with a few particles of powdered sodium hydrosulphite,

conveniently dropped in from a small spatula. If no color change is

seen at once, the mixture is warmed somewhat and more reagent

added, carefully avoiding excess, however. If reduction, shown by
disappearance of the color, takes place, the solution is thoroughly

shaken with air, and should this not bring back the dye, it is warmed
and allowed to stand a few minutes. Finally, if remaining practically

colorless, a httle powdered potassium persulphate is dropped in. A
slight yellowish or broAvnish tint produced by air or especially by the

potassium persulphate is disregarded.

In regard to the tests on the dyed wool, it may be said that the dye-

ings obtained from colors in food products are necessarily variable in

depth and usually puhr than those used as a basis for standards.

With the very smaU amounts of color available, it is impossible to

' Fortho Irlentifinatlon of tho simplorazoflyos by reduction, separalion of (ho rcfluntion products and
characterization of those ijy wjuplinK with diazo compounds, l)y condcnsiition with nitrosodimothylani-

lin, and by diazotizalion, ne,(: especially Witt, IJor. f'hom. Ocs. 1«> (IRS(l), 1719, and 21 (ISHH;, :j4(i8.

Prop«?rtlr.s of the various amins, arninophonols, and thoirsulpliouic acids arosummarizod by lleumann
(l-'riedlilndcr, Schultz;, Dio Anilinfurben. IJraunsc.hwciK, I.SHH 11)0(1.

'The tahle:i are made to corr(;s))ond as nearly as possible with those of U. S. Dopt. A^r., liur. Chom.
CIr. \o. 0.'{, 0.5 f)er cent, dyeintjs and reagents of similar confent ration heint,' used.

' Uydrrwulphlte and persulphate are tho roaRenls advocalwl by (iroen, Yoeman, and .Tones, J. See.

DyerH* ColorialsO (iwr>), ZW>; al.so Uroon, Identification of Dyo Stufl's, iiOods (1913).
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make dyeings to any convenient standard depth, and descriptions can

only indicate in a general way what may be expected. Not only will

the appearance of the dyed wool under the influence of different

reagents vary somewhat with the concentration of the dye present,

but the shade of the dry fiber also may vary with the concentration of

the dye. For example, dyeings from some of the oranges are almost

yellow when only a little color is present, but are a much redder shade

when more dye is used.

Color changes similar to those taking place on dyed fibers are pro-

duced in most cases by the given reagents in solutions of the dyes, and

the conditions are under much more exact control. So in some cases

it is advantageous to compare the solution of the dye under examina-

tion with solutions of known colors, all being brought as nearly as

possible to the same dye concentration, and to the same acid or alkafi

normality. An exact statement of shade can be given best by spectre-

photometric data (according to Vierort's method) under prescribed

conditions of temperature and concentration. This is desirable in

some cases, as when dealing with mixtures of Ponceau 2 R and Pon-

ceau 3 R. For the somewhat related and more rapid spectroscopic

method of measuring the spectral position of maximum light absorp-

tion in dilute solutions, the treatises of Formanek, of Formanek and

Grandmougin, and of MuUiken may be consulted. However, the

"spot reactions," if not of the greatest exactness, are sufficiently exact

for most purposes, and are especially convenient in inspection work,

where it is well to keep a specimen of the color dyed on cloth.

i
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Table 3.

—

Behavior of colors when treated with reducing agents followed by oxidizing
agents.

[Numbers denoting permitted dyes are in boldfaced type; natural colors are in italics. Dyes common in
foods are starred, three stars indicating those most often found. Statements apply in general to 0.01 per
cent solutions.]

No.
Coloring
matter.

With sodium hydrosulphite.
Coloring
matter.

Reduction product with air or potas-
sium persulphate.

1 *462 Almost decolorized. *462 Color restored.
2 434 Almost decolorized. 434 Color partially restored.
3 435 Almost decolorized. 435 Color partially restored.
4 *436 Becomes paler very slowly. *436

5 439 Paler, slowly. 439 Color restored.

6 491 Almost decolorized. 491 Some color returns.
7 440 Decolorized. 440 Color restored.

8 **602 Pale olive. **602 Color restored.

9 **108 Decolorized. **108 Remains colorless or nearly so.

10 ***8 Decolorized. :!=i=K8 Remains colorless or nearly so.

11 9 Decolorized. 9 Remains colorless or nearly so.

12 **89 Decolorized. **89 Remains colorless or nearly so.

13 692 Decolorized. 692 Color restored.
14 399 Not decolorized. 399
15 ***10G Decolorized. *=f=*106 Remains colorless or nearly so.

16 107 Decolorized. 107 Remains colorless or nearly so.

17 94 Decolorized. 84 Remains colorless or nearly so.

18 *398 Decolorized. *398 Remains colorless or nearly so.

19 605 Pale orange. 605 Color restored.

20 604 Pale orange. 604 Color restored.

21 198 Decolorized. 198 Remains colorless or nearly so.

22 ***14 Decolorized. *=)=!:14 Remains colorless or nearly so.

23 21 Decolorized rather slowly. 21 Remains colorless or pale brownish.
24 318 Bluer; then decolorized. 318 Remains colorless or nearly so.

2.5 20 Decolorized. 20 Remains colorless or nearly so.

26 93 Decolorized. 93 Remains colorless or nearly so.

27 ***480 Much paler. M:**4g0 Color restored.
28 *53 Decolorized. *53 Remains colorless or nearly so.

29 *55 Decolorized. *55 Remains colorless or nearly so.

30 105 Decolorized. 105 Remains colorless or nearly so.

31 4 Decolorized. 4 Remains colorless or nearly so.

32 ***706 Not decolorized. ***706
33 56 Decolorized. 56 Remains colorless or nearly so.

34 *62 Decolorized. *62 Remains colorless or nearly so.

35 **64 Decolorized. **64 Remains colorless or nearly so.

36 *65 Decolorized. *65 Remains colorless or nearly so.

37 **103 Decolorized. **103 Remains colorless or nearly so.

38 139 Decolorized. 139 Remains colorless or nearly so.

39 164 Decolorized. 164 Remaiiis colorless or nearly so.

40 **667 Not changed. **667
41 *169 Bluer; then decolorized. *169 Remains colorless or nearly so.

42 163 Decolorized. 163 Remains colorless or nearly so.

43 170 Bluer; then decolorized. 170 Remains colorless or nearly so.

44 84 Decolorized. 84 Remains colorless or nearly so.

45 146 Bluer; then decolorized. 146 Remains colorless or nearly so.

46 287 Slowly decolorized. 287 Remains colorless or nearly so.

47 78 Slowlj^ decolorized. 78 Remains colorless or nearly so.

48 ***710 Decolorized, nearly. ^.=^710 Color restored.

49 *546 Not changed. *546
50 1 Decolorized. 1 Not restored.

51 507 Not changed. 507
52 328 Decolorized. 328 Remains colorless or nearly so.

53 606 Pale yellow. 606 Color restored.

54 154 Bluer; then decolorized. 154 Remains colorless or nearly so.

55 85 Decolorized. 85 Remains colorless or nearly so.

56 **13 Decolorized. **13 Remains colorless or nearly so.

57 ***86 Decolorized. ***86 Remains colorless or nearly so.

58 97 Decolorized. 97 Remains colorless or nearly so.

59 54 Decolorized. 54 Remains colorless or nearly so.

60 329 Decolorized. 329 Remains coIorJe-ss or nearly so.

61 139 Decolorized. 139 Remains colorless or nearly so.

62 157 Decolorized. 157 Remains colorless or nearly so.

63 *95 Decolorized. *95 Colorless or slightly yellow.

64 88 Decolorized. 88 Colorless or slightly yellow.

65 *92 Decolorized. *92 Remains colorless or nearly so.

66 101 Decolorized. 101 Remains colorless or nearly so.

67 102 Decolorized. 102 Remains colorless or nearly so.

68 483 Decolorized. 483 Color restored.

69 *510 Much palei'. *510 Color restored.

70 26 Decolorized. 26 Remains colorless or nearly so.

71 220 Decolorized. 220 Remains colorless or nearly so.

72 269 Decolorized. 269 Remains colorless or nearly so.

73 512 Much paler (with excess). 512 Color restored.

74 515 Much paler (with excess). 615 Color restored.

75 516 Much paler (with excess). 516 Color restored.
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Table 3.—Behavior of colors wTien treated loith reducing agents followed by oxidizing
agents—Continued

.

No.
Coloring
matter.

With sodium hydrosulphite.
Coloring
matter.

Reduction product with air or
slum persulphate.

potas-

76 517 Much paler (\vith excess). 517 Color restored.
77 518 Much paler (with excess). 518 Color restored. ,

78 520 Much paler (with excess). 520 Color restored.
79 521 Much paler (with excess). 521 Color restored.
80 *523 Much paler Ovith excess). *523 Color restored.
81 9 Decolorized. 2 Remaius colorless or nearly so.
82 *3 Decolorized. *3 Remains colorless or nearly so.
83 6 Daik; then pale. 6 Pale reddish.
84 534 ( Alk. sol.), red, slowly. SSi Color restored.
85 ***707 Not reduced. ^^^for
86 *10 Decolorized. *10 Remains colorless or nearly so.
87 *468 Decolorized. *468 Color restored.
88 464 Decolorized. 464 Color restored.
89 438 Almost decolorized. 438 Color restored.
90 **433 Paler. **433 Greener.
91 442 Paler, slowly. 442 Restored.
92 476 Not readily reduced. 476
93 240 Almost decolorized. 240 Remains colorless or nearly so.
94 277 BroT\T2er; then colorless. 277 Remains colorless or neai'Iy so.
95 562 (Alk. sol.), yellow. 562 Color restored.
96 658 No change. 658
97 496 Almost decolorized. 496 Color largely restored.
98 650 Decolorized. 650 Color restored.
99 (539 Decolorized. 639 Color restored.
100 *5.84 Decolorized. *584 Color restored.
101 **448 Decolorized. **448 Color restored.
102 ***425 Not decolorized. *!=*425

103 426 Not decolorized. 426
104 =f=**451 Decolorized. ***451 Color restored.
105 452 Decolorized. 452 Color restored.
106 **427 Decolorized. **427 Color restored.
107 428 Decolorized. 428 Color restored.
108 *197 Almost decolorized. *197 Colorless or nearly so.

109 *201 Almost decolorized. *201 Colorless or nearly so.

110 17 Decolorized. 17 Remains colorless or nearly so.

111 18 Decolorized. 18 Remains colorless or nearly so.
112 505 Not decolorized. 505
113 499 Not decolorized. 499
114 ***5(H Not decolorized. ***S04
115 502 Not decolorized. 502

OXIDATION WITH BROMIN.

This test is valuable for quickly testing the color solutions obtained

in the fractionation. The free acid need not be removed ; though, as

described in detail below, minor difi'erences exist, depending on

wh{!ther the solutions are practically neutral or markedly acid.

They must not be alkahne and should be free from foreign material,

though dissolved amyl alcohol, etc., does not interfere. With the

oil-soluble <lyes, the oxidation should be made in acetic acid of from
50 to 80 per cent strength.

The chief practical use of the test is for the detection of the azo

and the azin dyes, especially when in admixture with natural coloring

matters. It provides the simplest means for the identification of

the "first component" of the azo colors, for which, of course, well-

krxjwn reduction methods msiy also ]n\ applied. The test is made
as follows: About 5 cc of the dye solution (pref(a'al)ly of concentra-

tion id the neighborhood of from 0.005 to 0.01 per cent) are treated

with })romin water (1 per cent) added (h-op ])y drop until a little

mon; lius been used tlian is required to destroy tlui (ly(^. A few drops

of 3 per cent hydrazin sulphate solution are then added and the mix-
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ture divided into two portions. To one is first added a few drops of

alcoholic alpha-naphthol solution, then excess of sodium carbonate;

to the other, sodium carbonate only. With azo compounds sodium

formate may be substituted for the hydrazin salt.

The reactions obtained are referred to classes as follows

:

Class A—Azo dyes.—These yield on oxidation in acid or neutral

solutions a diazo compound corresponding to the "first component"
of the dye.^ The azo group remains attached to the nonhydroxy-

lated or nonaminated residue, and it is noteworthy that with Chryso-

phenin (No. 329), the one azo color described in the table contain-

ing neither hydroxyl nor amino groups, the usual reaction is not

obtained. With dis-azo colors of the type of cotton scarlet, CgHgNs-

CeH4N3CioH50H(S03]S[a)2, the azo group between the two non-

hydroxyl-containing residues is not readily attacked, so that a diazo-

azo compound is formed. With dyes of class A the solution becomes

colorless, pale yellow, or pale orange on addition of bromin. After

adding the hydrazin sulphate the solution is colorless or pale brown-

ish or pinkish, a tendency to show a slight coloration being more
marked, the more nearly neutral the solution. Addition of sodium

carbonate alone produces no marked coloration, but alpha-naphthoi,

followed by the carbonate, gives a pronounced color. It is advisable

to add some ether to the colored mixture and shake; since if the first

component of the original dye was an unsulphonated amin (indi-

cated by "e" in the table) the new coloring matter formed will be

taken up by ether from the alkahne mixture, giving usually an orange

solution that on being poured off and treated with a large excess of

concentrated hydrochloric acid becomes, in most cases, violet or

blue. If the new dye is sulphonated (indicated by "w"), it will not

be extracted by the ether from the mixture. When desired, the

alpha-naphthol derivative, after separation by a suitable solvent,

may be dyed on wool or silk and further identified by the ordinary

spot tests with acids and alkahes. See tables for solubilities and
reactions of Orange I (No. 85), Fast brown N (No. 101), benzeneazo-a-

naphthol, and cc-naphthaleneazo-a-naphthol (serial numbers in tables

:

55, 66, 122, 123, respectively).

Other compounds, such as a-naphthylamin, readily couphng with

diazo compounds, may, of course, be used instead of the a-naphthol,

sodium acetate being substituted for the sodium carbonate when an

amin is employed. With the simple monazo colors, the reaction seems

almost quantitative. With benzidin dyes it takes place least smootlil}^.

Class AA—Azo dyes, reacting like {he frecedlng class in solutions

tJiat contain a considerable amount of free' hydrocMoric acid, (perhaps

one-haK normal or above).—In neutral solutions other oxidation

1 For action of halogens on azo compounds, see M. Schmidt, J. prakt. Chem. 84 (1912), 235. Oxidation

by leadperoxid, Lauth, Bui. Soc. Chim. 6 (1891) HI, 94; by nitric acid, O. Schmidt, Ber. Chem. Ges. 38
(1905), 3201, 4022. See also Meldola, Proc. Chem. Soc. 10 (1S94), 118, and Trans. Chem. Soc. 55 (1889), 608,

and 65 (1894), 841.
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reactions take place, so that a more or less strong coloration is pro-

duced on treatment with sodium carbonate without previous addi-

tion of the naphthol. Crystal Scarlet (No. 64), Bordeaux B (No. 65),

and Palatine Red (No. 62) give strong blue colorations; Naphthol

Black (No. 88) and Amaranth (No. 107) a less intense blue color.

Azorubin (No. 103) gives a piu'ple changing to bluish red, but not

very intense. Except for the fii'st three dyes named, the colora-

tions are considerably less intense than the original dyes, and the

reaction much less trustworthy and valuable than the smooth,

almost quantitative, reaction in acid solutions. When treated with

bromin in solutions containing sodium carbonate (one-fourth nor-

mal), Nos. 62, 64, and 65 are bleached, becoming intensely blue on
addition of hydrazin sulphate.

Class B.—Azin derivatives,^ etc.—On treatment with bromin in

neutral or acid solutions, the color is readily bleached, but is restored

on adding hydrazin sulphate. Sodium carbonate and alpha-

naphthol plus sodium carbonate produce no change other than that

shown by the origmal dye solution on treatment with alkali. A few

dyes of Classes A and AA when oxidized in neutral solutions tend to

show a rather marked coloration on adding the hydrazin sulphate.

However, with the typical members of Class B, the dye maybe bleached

and restored a number of times by careful alternate addition of the two

reagents, the bromin apparently formmg a nearly colorless compound
reconverted into the original dye on addition of the hydrazin sulphate.

Class C.—Colors giving precipitates at dilutions as high as 0.01 per

cent.—This class includes most of the basic dyes.

Class D.—Colors showing marlced changes in tint in neutral or very

faintly acid solution on addition of hromin.^—The colorations are

usually produced by a mere trace of the halogen and destroyed by
excess, and the reactions are consequently not very dependable or

valuable. With many of the dyes of this type containing alkylated

amino groups the color change would seem to be due to elimination

of alkyl radicals. In general with dyes of this group the coloring

matter, while readily altered, is completely l)roken down by bromin

only with difficulty. On addition of hydrazin sulphate no change

takes place other than that due to removal of the excess of the col-

ored halogen.^ The coloration with alpha-naphthol and sodium

carbonate is identical with that produced by sodium carbonate

alone. With most of the yellow coloring matters of this group it is

I Quinofjiilhfilon ))y troalmont with bromin Hrst fonn.s llu; unstable colorless iiddilion product con-

taining two alom.s of bromin in the molwulo (lOibnur and F/anKo, Llobig's Annalon dcr (^licmie, '.ilS

(1901;, 'M'l). For action on azin dyes wmpare Vaubel, .!. prakt. Cliem., Hi (iKWi), 2H!).

' According to Houmann, Die Anilinfarben, vol. 1, p. 11, Malacjiilo (Ireen sohil.ioii, on oxidation with

lead p*'roxld and af«l ic svid, becomes violet, and then contains the salt ot dlumiuotripheuylcarbinol.

Compare lurlhcr Vaulxd, J. prukt. fJhem., flO (1H94), 347.

' Cblorin wator may be ascd if preferred.
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brownish. With most of the others it is ill-defined and is probably

often produced by a small fraction of the dye that has escaped

destruction by bromin. In acid solution these dyes are merely
destroyed by bromin m most cases, the results being as given for E.

Class E.—Dyes in this class are similar to those in Class D, but
show no color changes other than bleaching, on addition of bromin.

Class F.—Halogenated jiuorescein derivatives and similar com-

pounds.—These dyes are very resistant to bromin. The nonfluo-

rescent iodin compounds tend to become yellower in shade and to

develop a green fluorescence, probably due to partial substitution of

iodin by bromin.

Table 4.

—

The bromin test: Classification of colors according to reactions obtained.

[NumlDers denoting permitted dyes are in boldfaced t3rpe; natural colors are in italics. Dyes common in
foods are starred, three stars indicating those most often found. Statements apply in. general to 0.01 per
cent solutions.]

Color- Color- Color- Color-
No. ing

matter.
Class. No. ing

matter.
Class. No. ing

matter.
Class. No. ing

matter.
Class.

1 *462 D or E. 33 56 A (e). 65 *92 A(w). 87 *468 E.
2 434 D. i 34 *62 AA.(e). 66 101 A or AA 88 464 E.
3 435 D.

'

35 *=i=64 AA(e). (w). 89 438 D.
4 *436 D. ; 36 *85 AA(e). 67 102 A (w). 90 **433 D.
5 439 E. 37 **103 A or AA 68 483 E. 91 442 E.
6 491 D or E. (w). 69 *510 (5) 92 476 E.
7 440 E. 38 139 A or AA 70 26 A (e). 93 240 A.

5

8 **602 E(B).i (w). 71 220 A.i 94 277 A.
9 **108 A (w).

A (w).
39 164 A (w). 72 269 A.i 95 562 B.

10 ***8 40 **667 B. 73 512 E.- 96 658 E.
11 9 A (w). 41 *169 A (w). 74 515 E. 97 496 D orC.
12 **89 A (w). 42 163 A (w). 75 516 E. 98 650 EorC.
13 692 E. 43 170 A(w). 76 517 E. 99 639 EorD.
14 399 A (w). 44 84 A (w). 77 518 E. 100 *5S4 B orC.
15 ***106 A (w). 45 146 A(e). 78 520 E. 101 **448 E orD.
16 107 AA or A ! 46 287 A.i 79 521 E. 102 ***425 E orC.

(w).
i

47 78 A.

2

80 *523 E. 103 426 E orC.
17 94 A (W). ; 48 ***7i0 E. 81 2 E. 104 ***451 E or C.
18 *398 E- 49 *546 B.i 82 *3 E. 105 452 E orC.
19 605 B. ! 50 1 E. 83 6 E. 106 **427 D orC.
20 604 B. 51 507 D. 84 5H B. 107 428 D orC.
21 188 AA (w). 52 328 A (w). 85 *^707 E. 108 *197 A or C.
22 ***14 A (e). 53 606 B. 86 *10 A (e).4 109 *201 A or C.
23 21 A (e).

i

54 154 A (e). 110 17 AorC(e).
A or C (e).24 318 A.i 55 85 A (w). 111 18

25 20 A (e).
\

56 **13 A (e). 112 505 D ore.
26 93 A or AA

1
57 ***86 A (w). • 113 499 D orC.

(w).
i

58 97 A (w). 114 ***504 D orC.
27 "***480 D. 59 54 A(e). 115 502 D orC.
28 *53 A (e). 1

60 329 E. (0
29 *55 A (e). 61 139 A (w).
30 105 A (w). 62 157 A (e).

31 4 E.
i

63 *95 A(w).
32 *=i=i-706 E. ; 64 88 A (w).

1 Imperfectly.
2 Some alcohol should be added before the alpha-naphthol.
3 Gives eosin.
< Of the oil-soluble dyes given in the other tables all belong to type A except Quinophthalon, which ia

60 per cent acetic acid shows reaction indicated under B.
= Very imperfectly.

REACTIONS WITH NITROUS ACID.

By treatment with nitrous acid in dilute solution most of the com-

mon coal-tar dyes used in food coloring are not readily affected. A
considerable number, however, show marked changes, because of di-

azotization of free amino groups, of formation of nitroso compounds,

or of direct oxidation.
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Where diazo compounds are formed, they m.ay be further coupled

by the usual method of adding the mixture to an alkaline solution

of one of the naphthols, or of a naphthol sulphonic acid. B. C. Hesse

has pointed out that the two acid yellows (No. 8 and No. 9) can be
distinguished b}^ the use of alpha-naphthol—No. 9 giving in alkaline

solution a red compound; No. 8 one which is intensely blue.

In the test described below the mixture is treated first with nitrous

acid, then with hydrazin sulphate. The hydrazin sulphate serves to

destroy the excess of nitrous acid, so that the naphthol solution (or

an amin if preferred) may be added directly, and the coupling then

brought about by addition of alkali. The new dye formed may also

be separated readily, if desired, by acidifying and shaking out with a

suitable solvent. In the case of only one dye in the table, Safranin

(No. 584), does the diazo compomid appear to be reduced or changed
by addition of hydrazin sulphate.

The nitroso compounds formed from Nos. 95 and 88, are decom-
posed by the hydrazm salt, the origmal color of the acid solution

being restored.

The test is carried out as follows: The solution of the color at

ordinary temperature is made slightly acid by the addition of two or

three drops of concentrated hydrochloric acid and one or two drops

of 7 per cent sodium nitrite solution are added. With blue or green

dyes, where oxidation changes may take place, the mixture may be
allowed to stand a few minutes at this stage; but with other colors

about 1 cc, or an excess, of 3 per cent hydrazin sulphate solution

is added at once. The mixture is allowed to stand one-half or one
minute to permit complete destruction of the excess of nitrous acid;

then it is divided and a few drops of alpha-naphthol solution are

added to one portion. Both portions are then made strongly alka-

line with sodium carbonate, the one not containing alpha-naphthol

serving as a check to show if any coupling has taken place.

Tablk ij.—Behavior of colors vjhen treated with sodium nitrite.

[" Indicates that no color changes take place other than those produced by the acid or alkali.]

462.—With fiodium nitrite, blue; then colorless; after making alkaline in the pres-
ence of alpha-naphthol, oraii^'O.

4.34'^, 4'.'}')°, 4'.U')'^. -Attacked very slowly by nitrous acid.
430.—IJocomes yellow with sodium nitrite.

491.

—

IjtiCDiWiH violet with sodium nitrite (rather slowly).
4^10°, fi02°, 108°.

8.— With Widiuin nitrite, much paler; after adding alpha-naphthol and excess of
Hodium r'arboriale, intcu.Holy blue.

9.—With sofliiim nitrite, much paler; after adding alpha-naphthol and excess of
wxUum carboriute, rod.

89.—Tied solution becomes yellow with sodium nitrite; on addition of hydrazin
HUlphut^, red a^ain.

692.—With sodium nitrite, slowly oxidized to the yellow isatin derivative.
V.f.i'^, \0<-/', 107'', 91°.

398.— With sodium nitrite, brown.
W'/-', (m^, 188°, 14°.
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21.—With sodium nitrite, slightly darker; with alpha-naphthol and sodium carbon-
ate, dull greenish black.

318.—With sodium nitrite, paler and redder.
20°, 93° (480°.—Slowly attacked by nitrous acid); 53°, 55°, 105°, 4°, 706°, 56°, 62°,

64°, 65°, 103°, 139°, 164°, 667°, 169°, 163°, 170°.

84.—With sodium nitrite, redder.
146°, 287°, 78°, 710°, 546°, 1°.

507.—With sodium nitrite, bluer.

328°, 606°, 154°.

85.—Vfith sodium nitiite, paler.

86°, 54°, 13°, 97°, 329°, 139°, 157°.

95.—Ciimson solution becomes yellow with sodium nitrite; on addition of hydrazin
sulphate, red again.

88.—Crimson solution becomes yellow with sodiiim nitrite; on addition of hydrazin
sulphate, red again.

92°.

101.—Paler with sodium nitrite.

102°, 483°, 510°, 26°.

220, 229.—Slightly paler with sodium nitrite.

512°, 515°, 516°, 517°, 518°, 520°, 521°, 523°, 2°, 3°, 6°, 534°, 707°, 10°, 468°, 464°,

438°, 433°, 442°, 476°, 240°, 277° (562°, scarcely attacked; in 50 per cent acetic acid,

behaves with nitrous acid as with bromin inthebromin test); 658°, 496°, 650°, 639°.

584.—With sodium nitrite, blue; rather rapidly becomes red again on addition of

hydrazin sulphate.

448.—^Wine-red on diazotization, addition of hydrazin sulphate, alpha-naphthol

and sodium carbonate; with sodium nitrite in acetic acid solution, first blue, then
colorless.

425°, 426°, 451°, 452°.

427.—Reddish with sodium nitrite.

197°, 201°.

17.—^With sodium nitiite, paler; after addition of sodium carbonate, naphthol, etc.,

somewhat redder.

18.—With sodium nitrite, paler; after addition of sodium carbonate, naphthol, etc.,

somewhat redder.

505°, 499°, 504°, 502°.—May appear bluer when the alcohohc alpha-naphthol
solution is added.

16°.—Slowly destroyed by nitrous acid.

7.—Paler with sodium nitrite; after addition of other reagents, red.

Aminoazotoluene.—As stated above for 7.

Benzeneazo-)3-naphthylamin, Ortho-tolueneazo-/3-naphthylamin.—These com-
pounds are almost insoluble in aqueous liquids. As ortho-aminoazo derivatives, they
are not readily diazotized or coupled.

REACTIONS WITH POTASSIUM CYANID.

With tlie common m^onazo dyes, the bromin oxidation will pro-

vide for an identification of the "first component" of the color, i. e.,

the radical not containing the hydroxyl or amino groups. The other

radical, usually containing hydroxyl or amino groups ortho to the

azo junction, is identified with much more difficulty in most cases.

Since the two ortho-azo dyes permitted in foods are both derived

from 2-naphthol-3-6-disulphonic acid as second component, the reac-

tion discovered by Lange ^ that derivatives of this acid are attacked

on boihng with potassium cyanid and the 3-sulphonic acid group

replaced by cyanogen, is useful for distinguishing and separating

isomeric dyes.

The test may be made as follows: About 10 cc of the neutral color

solution is treated with 1 cc of 20 per cent potassium cyanid solution

1 Deutsches Reichs Patent No. 189,035.
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and 1 cc of 20 per cent ammonium chlorid solution^ and is heated in

a test tube in a boiling water bath for from five to eight minutes. It

is then quickly cooled. The reactions obtained with certain dyes are

sho%vn in the table. The test requkes some care, and blanks with

known dyes should be carried through at the same tim.e in aU cases.

The results Tsnith a number of common azo dyes are shown in

Table 6, the derivatives of 2-naphthol-3-6-disuiphonic acid forming

new dyes of markedly different solubihties, corresponding to the fact

that they contain one less sulphonic acid group. By warming with

the cyanid solution for a considerable period of time further reac-

tions easily take place, derivatives of 2-naphthol-3-6-disulphonic

acid and 2-naphthol-6-8-disulphonic acid being especially unstable.

The common nitro dyes are changed by warming with cyanid

solution, becoming brownish or reddish (compare formation of iso-

purpuric acid from trinitrophenol)

.

Table 6.

—

Behavior of colors with cyanid solution.

Dye. "Second component" o f dye. Behavior with cyanid solution.

108 Naphthol trisulphonic acid Warmed 8 minutes, dye almost completely destroyed with
(2-3-6-S). production of orange and yellow substances. Warmed

until darkred (1-2 minutes), strongly acidified, and waslied
with 2 N HCl, practically no color is removed (3-4 wash-
ings) ; then washed with N/4 HCl, a bluishred dye is readily
removed.

Azorubin
S G

Apparently imchanged by cyanid.

'

106 Naphthol
(2-6-8).

disiilphonic acid Dyo is not clianged in solubility, although on long warming
much color is destroyed. The cyanid mixtiue may be
acidified with 5 cc concentrated hydrochloric acid, and
slialien out with 10 cc of amyl alcohol. On separating the
alcoiiol, and washmg 4 or 5 times witli fourtli-normal hydro-
chloric acid, nearly all of the dye will be taljen out by the
dilute acid.

Dye is changed into a cyan-derivative sunilar in solubility to107 Naphthol disulphonic acid
(2-3-6). other disulphonated monazo dyes. The cyanid mixttue

is pale brown and when treated as stated under New
Coecin (106), almost all coloring matter remains in the
amyl alcohol. On long heating of the cyanid mixture the
cyan-derivative may be completely destroyed, further re-
actions taking place.

14 Naphthol
(2-^s^

disulphonic acid Dj'e unchanged. Cyanid mixture, when acidified wiih 1 cc
glacial acet ic acid and shaken with 5 to 10 cc amyl alcohol,
gives up little colormg matter to (he latter.

15 Naphthol
(2-3-6;.

disulphonic acid Dye changed into a cyan-derivative similar in solubility to
the other monosulphonated monazo dyes. The cyanid
niixluro is pale t)ro\vni.sh, an-d when treated as descriliod
under Orange (14) gives up most of its coloring matter
to the alcohol.

20 DIoxynaplithal en e As slated for 14.
flisiilphonic aci<l (1-s- 3-«).

21 Aminonaphthol disulphonic .\.s stated for 14.
acifl n-h -3-<i).

52 Naphthol
(1-J-S).

.Nar-hthol
(i-.',-ti).

-Saplithol

disulphonic acid .Vs stated for 14.

53 disulphonic acid .\s stated for 14.

55 disulphonic acid As statefl for 15.
(2-3-<i>.

56 Naphthol
(2-3-^1).

disulphonic acid As stated for 15.

62 Naphthol
(l-3-<i).

disulphonic acid As stated for 14.

64 Naphthol
(2-<l-S;.

Naphthol

disulphonic acid AsstatGfl for 14.

65 disulphonic add A.S8tate<I for 15.

(i!-3-«).
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NATURAL COLORING SUBSTANCES.

Relatively few good tests are known for the common natural

colors. For properties useful in analysis, see especially tlie tables

given in United States Department of Agricultm-e, Bureau of Chem-
istry Circular No. 63. Some of the common properties considered

most useful for the characterization of different colors are summarized
below.

By addition of concentrated hydrochloric acid, the yellow ether

or alcohol solutions of carotin and xanthophyll show little change,

becoming perhaps sHghtly paler; green chlorophyll solutions become
yellower or browner; annatto in ether or alcohol solution remains

orange, not changing perceptibly with acid. Turmeric solutions in

ether or alcohol show a pure yeUow color with more or less green

fluorescence, and on addition of several volumes of concentrated hy-

drochloric acid the color passes to orange red or carmine red. The
orange or orange yellow solutions of logwood, also of the redwoods,

barwood, sandalwood, camwood, and brazilwood, become deep red

with excess of hydrochloric acid. The slightly colored neutral or

faintly acid aqueous solutions of the flavone colors of fustic, Persian

berries, quercitron, etc., become intensely yellow with from 2 to 4

volumes of concentrated acid. Neutral or shghtly acid solutions of

cochineal, archil, saffron, and caramel show httle change.

The shghtly acid solutions of the various coloring matters show the

behavior described below, when treated with a little sodium hydro-

oxid solution: Carotin and xanthophyll, little change; chlorophyll,

''brown phase" reaction; alkanet, deep blue; turmeric, orange brown;

the redwoods, violet red; logwood, violet to violet blue. The fiavone

colors become bright yellow; saffron remains yellow, showing httle

change. The red solutions of archil and the orange of cochineal

become blue and violet, respectively. Caramel shows little change,

becoming shghtly deeper brown. The red fruit colors (in presence of

air) become dull blue, green, or brown.

By sodium hydrosulphite in acid solution, the yellow coloring

matters are httle affected. Logwood is almost decolorized, the color

returning imperfectly. Archil is decolorized, the color returning when
shaken with air. The reaction is more easily seen in alkaline solution.

Cochineal shows no marked change. The anthocyanidms derived by
hydrolysis from the red fruit colors are almost decolorized by hydro-

sulphite. Caramel is rendered slightly paler.

In the bromin test all coloring matters, except alkanet, are merely

destroyed more or less completely by the halogen, hence they belong

in general to Class E. The flavone colors tend to become darker with

the first addition of bromin. Alkanet (best in alcoholic solution)

corresponds to Class B.
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Ferric chlorid gives no marked change with annatto, turmeric,

or saffron, these perhaps, appearing somewhat browner. With the

flavone colors, colorations varying from dark olive green to black

are produced. With the redwoods and logwood, very dark shades of

violet, brown, or black are obtained. Cochineal becomes somewhat
darker. Caramel is not affected. The solutions must be practically

neutral.

By addition of alum solution the yellow color of logwood is changed
to rose red (rather slowly). The redwoods are affected similarly.

The pale yellow solutions of the flavones become more strongly

yellow, that of fustic developing a green fluorescence. Saffron and
turmeric show Httle change.

Uranium acetate in neutral or nearly neutral solutions gives

orange colorations with the flavones. Turmeric becomes somewhat
browner; saffron is not affected; cochineal becomes green; alkanet,

yellowish green to bluish green; logwood, violet, quickly fading.

The coloration with concentrated sulphuric acid dropped on the

dry coloring matter is for carotin and xanthophyll, blue, usually

obtained with difficulty. Annatto and saffron also give blue colors;

turmeric, a red; the flavone colors, yellow or orange colorations;

alkanet and archil give violet blue; logwood, red, changing to yellow.

The "brown phase" reaction^ m&j be useful for the characteriza-

tion of chlorophyll, when this has not been previously treated with
alkahes. The gi-een ether or petroleum ether solution of the coloring

matter, when treated with a little methyl alcohol solution of potas-

sium hydroxid, becomes brown, returning to green in a few moments.
The characteristic reaction of curcumin (turmeric) with boric

acid may be conveniently carried out as follows: The aqueous or

dilute alcohohc solution of the color is treated with hydrochloric acid

until the shade just bcgms to appear slightly orange. The mixture
is then divided into two parts and some boric acid powder or crystals

added to one part. A marked reddening quickly will be apparent, best

seen by comparison with the portion to which the boric acid has not
been added.

^

I MoUsch, Ber. bot. Ges. 14 (1896), 16. Willstaetter and StoU, Untersuchungen ueber CUorophyU.
Berlin, 1913, p. 144.

« The properties of pure preparations of the various natural coloring matters, as described by the nu-
merous investigators who have isolated and studied them, are described for the most part in 11. Rupo's
Oiemie der Naturlichen Farhnlnffe, Braunschweig, 1900 and 1909. Properties of the chlorophylls and
fartinoids are given by Willstaetter and StoU, Unler.iuchuTigen ucbcr Chlorophyll , Berlin, 191.3; those of the
coloring matters of the cornflower, rose, pi^argona flower, larkspur, cranberry, whortleberry, and purple
grai»e, are de;yribcd by Willstaetter and coworkers. Sitzb. kgl. Pruess. Akad. 12 (1914), 402, Liebigs
Ann. d. Chem. 408 (1915) 1.
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Table 7.

—

Numbers by which dyes are designated in different published tables.

[Under " G." numbers refer toA Systematic Survey ofthe Organic Coloring Matters, by A. G. Green, founded
on the German of Drs. G. Schultz and P. Julius, London and New York, 1904; under "S." to Farh-
stojftabellen, by Dr. Gustav Schultz, Berlin, 1911-1914, under "M." to Mulliken's A Method for the
Identification ofPure Organic Compounds, vol.3, New York, 1910. One of the common names is also
given.]

No. Color. G. S. M. No. Color. G. S. M.

1 Acid Magenta. 462 624 245 64 Orange IV. 88 139 900
2 Light Green S F Bluish. 434 504 65 Azoflavin. 92 140 910
3 Light Green S F Yellow- 435 505 257 66 Fast Brown N. 101 160 849

ish. 67 Fast Bed A. 102 161 777
4 Erioglauein A. 436 506 287 68 Rosolie Acid. 483 555 249
5 Cvanol Extra. 439 546 286 69 Uranin. 510 585 1,141
6 Wool Green S. 491 566 279 70 Metachrome Orange R. 26 58 893
7 Patent Blue. 440 543 277 71 Clirysamin G. 220 342 1,061
8 Nigiosin Soluble. 602 700 122 72 Chrysamin R. 269 394 1,060
9 Ponceau 6 R. 108 170 846 73 Eosin. 512 587 1,129

10 Acid Yellow G. 8 137 918 74 Saflrosin. 515 .590 1,114
11 Fast Yellow R. 9 149 75 Erythi-osra G. 616 591
12 Brilliant Yellow S. 89 142 76 Erythrosin B. 517 592 1, 113
13 Ladigo Carmine.

Sim Yellow.
692 877 94 77 Pliloxia. 518 593 1,107

14 399 9 166 78 Rose Bengale. 620 595 1,109
15 New Cocein. 106 169 826 79 Eosin 10 B. 521 596 1,112
16 Amaranth. 107 168 811 80 Rose Bengale 3 B. 523 597 1,103
17 Tartrazin. 94 23 948 81 Victoria Yellow. 2
18 Naphthol Green B. 398 4 951 82 Martins Yellow. 3 6 945
19 Azocarmine B. 605 673 75 83 Aurantia. 6 897
20 Azocarmine G. 604 672 71 84 Alizarin.. 534 778 905
21 Naphthol Black B. ISS 272 984 85 Curcumin. 707 927 535
22 Orange G. 14 38 86 Sudan G. 10 35 536
23 Fast Acid Fuchsin B. 21 41 87 Formyl Violets 4 B. 468 530 307
24 Chicago Blue 6 B. 318 424 575 88 Acid Violet N. 464 527 309
25 Clii-omotrope2R. 20 40 89 Night Green 2 B. 438 503 265
26 Azofuchsin G. 93 146 757 90 Guinea Green B. 433 502 259
27 Soluble Blue. 480 539 212 91 Patent Blue A. 442 545 278
28 Palatine Scarlet. 53 81 92 Methyl Alkali Blue. 476 535 196
29 Ponceau 2 R. 55 82 834 93 Congo Red. 240 307 412
30 Fast Red E. 105 166 94 Benzopurpurin 4 B. 277 363 1,020
31 Naphthol Yellow S. 4 7 946 95 Alizarin Blue. 562 803 1,168
32 Cochineal. 706 932 774 96 Tliioflavin T. 658 618 1,084
33 Ponceau 3 R. 56 83 833 97 Rhodamin S. 496 570 143
34 Palatine Red. 62 109 98 Methylene Blue.

New Blue.
650 659 23

35 Crystal Ponceau. 64 113 843 99 639 649 34
36 Bordeaux B. 65 112 778 100 Safranio. 584 679 8
37 Azorubin. 103 163 783 101 Fuchsin. 448 512 139
38 Fast Brown. 139 213 102 Auramin 0. 425 493 1,086
39 Crocein Scarlet extra. 164 251 103 Auramin G. 426 494
40 Quinolin Yellow water- 667 613 104 Methyl Violet. 451 515 232

soluble. 105 Crystal Violet. 452 516 229
41 Crocein Scarlet 8 B. 169 255 802 106 Malachite Green. 427 495 177
42 Biebrich Scarlet. 163 247 800 107 Malacliite Green G. 428 499 170
43 Bordeaux G. 170 254 1, 133 108 Bismarck Brown. 197 283 454
44 Resorcin Yellow. 84 143 830 109 Bismarck Brown R. 201 284 1,030
45 Brilliant Crocein M. 146 227 110 Chrysoidin. 17 33 509
46 Azo Blue. 287 377 689 111 Clirysoidin R. 18 34
47 Erika B. 78 121 112 Rhodamin 3 B. 505 574 1,002
48 Azolitmin. 710 934 113 Irisamin G. 499 576 1,012
49 Alizarin Red S. 546 780 1,111 114 Rhodamin B. 504 573 1,001
50 Picric Acid. 1 5 947 115 Rhodamin G. 502 572 1,101
51 . Violamin R. 507 582 1,101 116 Butter Yellow. 16 32
52 Brilliant Yellow. 328 303 117 Anilin Yellow. 7 31 932
53 Rosindulin 2 G. 606 674 78 118 Yellow Fat Color. 68
54 Cloth Red B. 154 236 371 121 Quinolin Yellow spirit 666 612
65 Orange I. 85 144 871 soluble.
56 Crocein Orange. 13 37 877 123 Sudan Brown. 59 105
57 Orange 2. 86 145 872 125 Sudan I. 11 36 887
58 Orange R. 97 151 126 Sudan II. 49 76 1,026
59 Scarlet G R. 54 127 Carmlnaph Garnet. 60 106
60 Chrysophenin. 329 304 524 128 Sudan III. 143 223
61 Resorcin Brown. 137 211 451 129 Sudan IV. 232 839
62 Bordeaux B X 157 237 1,132 130 Para Red. 31 56
63 Metanil Yellow. 95 134 901

o
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INTRODUCTION.

An understanding of the factors which influence the tarnishing
of metals and a knowledge of efficient methods for removing tarnish
are necessary for the proper care of household equipment. An ex-

tended study of these problems, therefore, is being made by the
Office of Home Economics, and the work reported in this paper is

a part of this investigation.

The tarnishing of metals in general is due to the formation of
oxids or basic oxids of the metals by the chemical action of the
oxygen and water vapor of the air to which they are exposed. In
the light of recent investigations a distinction is made between
rusting, or oxidation, and the corrosion of metals. Thus, the rust-

ing of iron may be regarded as taking place in two steps: The dis-

pliicemeiit of the hydrogen ions of water with the formation of a

small amotint of soluble iron salts in the lower state of oxidation
is technically termed corrosion, while true rusting is the oxidation

1 Preparnd \\n<]cr tlie direction of C. F. Langworthy, Chief, OfHcc of Home Economics.
NoTK.—TlilH huljftln contalnH Informnllon rcuJirdinK (he jidvantdKcs and llmltnlions of

the i-lectrolytlc iTK-Hiofl of rN-anlnK Kilvir urid (Ik; (-((ndlt i(»ns under which It Is most
i-r!lcl<-nt, wlilch it Jh believed will prove uaeful to tcachcrH and Iious<;kceperH Kcuorully.

59849°—Bull, 449—10
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of these salts. Iron rust, then, consists principally of ferric oxid

in admixture with varying amounts of basic ferric oxid. In the

case of metals like copper and zinc, and alloys like brass and bronze,

basic salts are also formed. For example, copper reacts with water

vapor and carbon dioxid in the air to form a basic carbonate, while

in the presence of weak organic acids it forms salts like basic copper

acetate (verdigris).

Unlike most other metals, silver and gold are not tarnished by the

oxygen, water vapor, or carbon dioxid present in the air, or by the

action of weak organic acids. Silver, however, readily forms black

silver sulphid on coming in contact with sulphur compounds, small

quantities of which are found in the air as the result of burning coal

and illuminating gas, while larger amounts occur in vulcanized

rubber, wool, and foods like eggs. The problem, of cleaning silver

involves the removal of the tarnish of silver sulphid by some method
which will also restore the j^olish to the surface of the metal.

The two general methods for cleaning silver are polishing with a

finely divided abrasive material to cut away the tarnish mechanically

and the use of suitable chemical compounds to dissolve the coating of

silver sulphid. The first method is the more common one, and com-

mercial silver polishes usually contain a suitable abrasive, such as

tripoli, rouge, double-floated silica, kieselguhr, whiting, or pumice.

which are prepared in the form of a powder, a cake, or a suspension

in some liquid. As silver is a comparatively soft metal, and since

the process of cleaning depends essentially on the cutting away of the

tarnish by the sharp particles of the polishing powder, care must be

taken to choose an abrasive so finely powdered that it will not scratch

the silver. Solvent polishes are often used by jewelers and in hotels

and restaurants where large quantities of silver must be cleaned.

As a rule these consist principally of potassium cyanid and some-

times contain ammonia, both of which dissolve the sulphid coating

and give the silver a beautiful satin finish. As cyanids are extremely

poisonous and very dangerous when carelessh^ handled, they should

not be commonly used for cleaning purposes.

A few years ago the so-called electrolytic method for cleaning silver

was introduced to the public and several forms of cleaners, based

on the electrohi:ic principle, are now to be found on the market.

In this method the silver is cleaned by bringing it into actual con-

tact with aluminum in a solution of an electrolyte. As this form

of cleaning is becoming quite extensively used and questions are

frequently asked about its efficiency and its effect on the silver, in-

formation is desirable regarding the prineiple and details of the

process. The main object of this investigation, therefore, was to de-

termine the value of the method and the factors necessary for its
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efficient operation under household conditions. Preliminary tests

were made to determine the efficiency of some representative com-

mercial cleaners of this type and to study the nature of the metals

and electrolytes commonly used.

PRELIMINARY TESTS.

The first type of electrolytic cleaner to be tested consisted of a zinc

pan, on the bottom of which was fastened an ahmainum grating.

The directions furnished by the manufacturers for the use of this

device were followed. The tarnished silver was placed on the grat-

ing and the pan filled with a dilute solution of ordinary washing

soda and salt (1 teaspoonful of each to 1 quart of water) to such a

height that the silver was completely covered. The liquid was kept

at the boiling point until the tarnish disappeared from the silver,

which was then rinsed with hot water and wiped dry. From the

results of laboratory tests, in which a number of pieces of tarnished

silver were cleaned by this method, it was concluded that the appa-

ratus, although efficient, possessed no particular advantages over

other less expensive methods. If a large quantity of silver is to be

cleaned, however, the comparatively large capacity of the zinc pan
makes the apparatus convenient. A less expensive form of this

cleaner consists only of a zinc disk to the top of which are welded

some aluminum wire grids. This may be used in any kettle, or in a

wash boiler if large pieces of silver are to be cleaned. The silver

must be placed in direct contact with the wire grids.

Still other cleaners are on the market which make use of pieces

of sheet metal of various shapes. In some cases the metal alone is

sold as the essential part of the " magical " method, and the instruc-

tions given with it state that the silver should be placed in contact

with the metal in l^oiling water containing a small amount of either

washing or baking soda or a mixture of one of these with common
salt.

Other electrolytic cleaners consist of packages which contain a

strip of metal and a powder to be dissolved in water to form the

cleaning solution. Two of these were analyzed in the laboratory.

The metal proved to be very pure aluminum of the spun variety,

and the powder was found to consist essentially of a mixture of

so-da and salt.

The cleaning tests conducted in the laboratory indicated that in

general tai'nished silver could be cleaned equally well by all of these

cornnierciiil devices. The adxantagcs of size and convenience pos-

sessed by some seemed to correspond in every case to an increased

market price, although the wide range in price makes ])()ssil)le th(^

.selection of a cleaner to .suit a variety of conditions. These pre-
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liminary experiments were of value in supplying information as to

the general nature of the factors involved in the electrolytic method.

PRINCIPLE OF THE ELECTROLYTIC METHOD.

Success in using the electrolytic silver cleaners depends upon
bringing the tarnished silver into actual contact with a more active

metal when both are immersed in a solution of some suitable elec-

trolyte. Wlien so immersed aluminum and zinc are electrolytically

more active than silver, or, chemically speaking, they are said to be

electropositive referred to silver. In the presence of either sodimn
carbonate or sodium chlorid, or a mixture of both, aluminum forms

{fluminum ions in the solution and itself becomes negatively charged.

The silver accordingly becomes positively charged as the current

flows from the aluminum to the silver through the solution. In
other words, such an arrangement of metals in an electrolyte ma}^ be

considered to be an electrolytic cell.

Since silver sulphid is slightly soluble, a small number of silver

and sulphid ions are always present in the solution, and the silver

ions will give up their positive charges of electricity and plate out on

the silver or negative pole as silver atoms. Any agency making the

silver sulphid more soluble will increase the number of silver and

sulphid ions and, provided the silver ions are plated out as rapidly

as they are formed, this will increase the rate of the reaction. More-

over, in accordance with the law of mass action, the greater the

number of aluminum ions formed in the solution, the greater will

be the tendency for silver sulphid to be reduced to metallic silver.

The conditions are apparently most favorable to the completion of

the reaction when a dilute solution of sodium carbonate is used as

the electrolyte. The hydrolysis of this salt furnishes a fairly strong

alkaline solution.

(1) Na.COg-f2H2O -» H30+C0,-f2NaOH.

Aluminum then displaces hydrogen from a boiling solution of the

alkali.

(2) Al-fSNaOH-^NagAlOs+SH.

The atomic hydrogen supplied by this reaction reduces the silver

sulphid.

(3) Ag,S^2H-.H,S+2Ag.
'\\Tien an excess of hj^drogen ions is continually being formed, the

sulphid ions are gradually removed to form molecules of H^S. In

this way the equilibrium between AggS (undissociated) and its ions

is disturbed, and accordingly more AgoS dissolves. The reaction

finally is completed and, since the excess of aluminum ions plates

out the silver on the silver pole, practically no silver is lost.
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EXPERIMENTAL STUDY OF THE METHOD.

It was the chief purpose of these experiments to obtain information

as to the best metal and electrolyte to use, the most economical con-

centration of the solution, and the most satisfactory temperature for

cleaning silver as it would ordinarily be accomplished in the home,

and to study the relative efficiency of the electrolytic and other

methods.

Throughout the investigation the methods and apparatus were

simple and in most cases applicable to household use, more accurate

procedure being deemed impracticable. In some cases silver which

had been naturally tarnished by use was cleaned satisfactorily by
this method, but in order to secure uniform conditions the silver

used in most tests was tarnished by immersing it in a strong

potassium-sulphid solution, and in order that the tarnish should be

uniform for a comparative series of tests, all of the spoons to be

used in each series were placed in the sulphid solution for the same

length of time. Porcelain or agate ware dishes were used for hold-

ing the solution of electrolyte, which was made up by adding dif-

ferent amounts of soda and salt, etc., to one or two quarts of water.

The active metal used, aluminum, or zinc, or an alloy of both, and

the tarnished silver were then placed in direct contact in the solution

which had previously been heated to the desired temperature, and
the time necessary for cleaning was noted by a stop watch.

Since the preliminary tests indicated that either washing or baking

soda may be used as the electrolyte of the cleaning solution, it

seemed desirable to ascertain first of all whether either of these salts

was the more efficient and economical for ordinary household use.

Experiments were accordingly made to determine the relative effici-

ency of solutions of washing soda and baking soda without the addi-

tion of sodium chlorid. The concentration of the solutions was 1

teaspoonful of the commercial soda to 1 quart of water. The tem-

perature at which the cleaning was done was approximately 100° C.

in each case. In each series six spoons were used which had been

tarnished as described above. The following procedure was
MfJopted: The first spoon was cleaned in the washing-soda solution.

The active metal Avas then rinsed in clean water, transferred to the

baking-soda solution, and another spoon cleaned. By alternating

from one solution to the other in this way, any error in the time of

cleaning, resulting from the metal becoming corroded, was distrib-

uted equally between the two solutions. After removal from the

cleaning solution the spoons were rinsed in cold Avater and wiped
thoroughly dry with a soft cloth, rubbing very slightly.
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Table I shows the resiihs of the tests

:

Table 1.

—

Comparative efficiency of solution,''; of loashing and haMng soda
the hoiling temperature.

Solution.

Series 1.

Washing soda

.

Do
Do

Baking soda..
Do
Do

.Series ?.

"Washing soda.
Do
Do

Baking soda..
Do
Do

Series .1.

Washing soda.
Do
Do

Baking soda..
Do
Do

Series 4.

Washing soda

.

Do
Do

Baking soda..
Do
Do

Series 5.

Washing soda.
Do
Do

Baking soda..
Do
Do

Series 6.

Washing soda

.

Baking soda..

Series 7.

Washing soda
Do
Do

Baking soda..
Do
Do

Series S.

Washing soda
Do
Do

Baking soda..
Do
Do

Time required for

cleaning.

Observed. Average

Seconds.
30
10
7

10
10
11

210
20
15

17

10
9

150
10

27
4

8

Seconds.

13.5 ll

11 I

4.5
2

7.5
4.5

S

12
10
7.5

Zinc was the aetive metal used in series 1, 2, and 3.

The exceptionally long time required in the first test of series 2
and 3 was due to the ziric becoming corroded; it was necessary
to substitute a strip of clean zinc before the tarnish was
removed. In such cases the time has been disregarded in.

computing the average.

Aluminum was the active metal used in series 4 to 9, inclusive.

fin series 7 and 8 a small sheet of very pure aluminum of the

[ spun variety was used.
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T.u?LE I.

—

Comparaiirc efficiency of solutions of loashing and baking soda at

the hoiUny temperature—Continued.

Solution.

Time required for

cleaning.

Remarks.

Ohserved. Average.

Series 9.

Washing soda
Do

Seconds.
5
4

2.5
4
4
5.5

4

3

2
2
3

3

a
4
5
3
3.5
4.5

3
5
6
5
7

11

Seconds.

}

'

1 '

1

-

1 »

1 ^

1

1 =

1 '

IThe aluminum used in series 9 liad been cleaned by polishiiis

\ with emery cloth.Do
Baking soda

Do
Do

Series 10.

Washing soda
Do

(In series 10, 11, and 12 the active metal used'was zinc. In series

Do [ water.
Bakingsoda

Do
Do

Series 11.

"Washing soda
Do The zinc was not cleaned with acid in series 11.

Do
Bakingsoda

Do
Do

Series 12.

Washing soda
Do (The zinc had been standing in the hot cleaning solution for 10

\ minutes before use in series 12 and was not cleaned with acid.Do
Bakingsoda

Do
Do

From the results of these experiments it is evident that washing
soda is slightly more efficient than baking soda, the average time re-

quired, considering all of the tests, being 9-i seconds for the washing-

soda solution and 10^ seconds for the baking-soda solution. For all

practical purposes, since the difference between the efficiency of wash-

ing soda and that of baking soda is so small as to be within the limits

of experimental error, it may be considered feasible to use them in-

terchangeably. As far as the appearance of the cleaned spoons was
concerned, no difference was noted in the two solutions; all the spoons

that were cleaned showed a briglit satin finish after each cleaning and
were practically as bright at the end of each experiment as at the

start. Wasbing soda is somewhat more economical, since it is more

efficient and cheaper as well.

The next factor to be considered was the effect of increasing the

coruliictivity of tlie <^'l('aniiig solution, and common salt was used for

tills pijr])ose. In the following experiments the silver to be cleaned

was uniformly tarnished by immersing the spoons in the same tarn-

ishing solution f(jr the same lenglli of time. Tn .some of the tests aln-
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minum was the active metal, in others zinc was used, and in a few
cases an alloy, which was prepared in the laboratory by melting to-

gether zinc and aluminum. Two cleaning solutions were used : One
contained 1 teaspoonful of washing soda per quart of water, and the

other was made up of 1 teaspoonful each of washing soda and salt to

every quart of water. The results obtained are given in Table II.

Table II. -TJie effect of varying the concentration of the electrolyte by the
addition of sodium chlorid.

Solution.

Time required for

cleaning.

Remarks.

Observed. Average.

Series IS.

Washing soda
Do

Seconds.
3
6
3

2
1

1

10
4

6

3

3

3

3

2.5
2.5
1.5
1

1

3
'

2.5
3
2.5
1

2

160
15
15

WO
12
10

Seconds.

\
'

1 '

} '

}

'

^

3

1

3

2

1 ''

1 ".

Aluminium was the active metal used in series 13
Do

Washing soda+salt

.

Do
Do

Series I4.

Washing soda
Do fin series 14, 15, and 16 zinc was the active metal, which was

\ cleaned frequently with dilute HCl.Do
Washing soda+salt

.

Do
Do -

Series 15.

Washing soda
Do
Do

Washing soda+salt

.

Do
Do

Series 16.

Washing soda
Do
Do

Washing soda+salt

.

Do
Do

Series 17.

Washing soda
Do
Do

Washing soda+salt.
Do
Do

(The alloy of zinc and aluminum was used in series 17. The
1 exceptionally long time ohserved in two instances was neces-

1
sary to clean two parts of the same silver buckle, badly tar-

l nished by use.

The data recorded in Table II indicate that the average time re-

quired for cleaning the silver was less when sodium chlorid was added

to the solution. For all practical purposes, however, the difference

is so slight as to be of little or no consequence. It is reasonable to

assume that by increasing the concentration of the electrolyte, as is

the case when sodium chlorid is added, the cleaning reaction will take

place somewhat more rapidly. This conclusion is strengthened by

further experiments carried out to study the effect of the concen-
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tration of the solution on the rate of cleaning. It was found, for

example, that with a solution of one-tenth teaspoonful of washing

soda to 1 quart of water the time of cleaning was approximately six

times as long as when 1 teaspoonful was used. Conversely, the in-

crease in the rate of the reaction when concentrations of the electro-

lyte as high as 1 tablespoonful to 1 quart of water were used was not

sufficient to warrant the use in practice of larger amounts than 1

teaspoonful.

As a result of these tests it is believed that a teaspoonful of sodium

carbonate to 1 quart of water, with or without the addition of about

1 teaspoonful of sodium chloricl, is the most satisfactory concentra-

tion of the cleaning solution for general use.

RELATrVE EFFICIENCY OF ZINC AND ALUMINUM.

A study of the tables with reference to the time required for clean-

ing the silver with aluminum and with zinc indicates that in general

there is little difference in the efficiency of th6se metals. In some

instances alimiinum and in others zinc cleaned the silver more rapidly.

This apparent inconsistency is probably due to the fact that in some

cases the metals became corroded or that tile tarnish in some series

of tests was slightly heavier than in others. Although the zinc

cleaned very efficiently when first put into the solution, it soon became

corroded and its efficiency thereby greatly reduced. For example, in

tliree tests it was found that spoons having a uniform tarnish were

not cleaned at the end of four, five, and four minutes, respectively,

by a piece of zinc which had become corroded. After a new piece

of zinc was substituted the spoons were cleaned in as many seconds.

After the corroded zinc had been cleaned by immersing for about

one minute in a sokition of hydrochloric acid (one part HCl sp. gr.

1.2 to 10 parts of water) it cleaned practically as well as the new
metal. Attempts were made to restore the efficiency to the corroded

zinc by cleaning it with vihegar and also by rubbing it with various

abrasives such as sand soap and emery paper, but without success.

EFFECT OF TEMPERATURE OF CLEANING SOLUTION.

A few experiments were made to determine whether tliis method
of cleaning is efficient below boiling temperatures, since under house-

liold conditions it might be desirable to clean very large pieces of

silver, wliifli could lie boiled only with difficulty, by immersing them
in th(! hot cleaning solution contained in a tub or bucket. It Avas

fonnd. on an average, that at temperatures as low as 40° C. the silver

was f^lcjined only after being IirirricT-sed sevei-al minutes; at ternperii-

tures from 50 to 00' ('. in al)Out ten seconds; and at temperatuivs

from GO to 100° C. in about five seconds. At temperatures much be-
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low the boiling point, although the tarnish was removed, the cleaned

silver had a somewhat dull appearance. From the results of these

tests it is evident that the cleaning solution sliould be kept at the

boiling point, since the tarnish is more quickly removed and the

silver has a much brighter appearance than when cleaned in cooler

solutions. In cases where it is not possible to boil the articles to be

cleaned very hot cleaning solutions can be used with fairly satisfac-

tory results.

RELATIVE MERITS OF THE ELECTROLYTIC AND POLISHING METHODS OF
CLEANING SILVER.

From the theory of the cleaning process as formulated earlier in

the paper it would appear that there is practically no loss in weight

of the silver cleaned by the electrolytic method, since the tarnish of

silver sulphid is merely reduced to metallic silver. In order to verify

this, however, three sterling silver and three silver-plated spoons

were weighed, tarnished and cleaned 50 times, and weighed after the

final cleaning, zinc being used in a solution of 1 teaspoonful of

sodium carbonate in 1 quart of water at the boiling temperature.

During the 50 cleanings the three sterling silver spoons lost 0.0043,

0.0034, and 0.0034 grams and the three plated spoons lost 0.0026,

0.0019, and 0.0024 grams, or an average of 0.00006 grams in each

cleaning. This loss is insignificant when compared with the loss in

polishing with an abrasive silver polish which actually cuts away
the tarnish, as was shown by the following test. One sterling silver

and one silver-plated spoon were weighed, tarnished and cleaned

six times by rubbing with a paste of finely powdered whiting and

water, and weighed after the last cleaning. The spoons lost 0.0094

and 0.0087 grams, respectively, or an average of 0.0015 gTams in each

cleaning, about 25 times as much as by the electrohi;ic method. For
a further comparison three sterling silver spoons were weighed, tar-

nished, and cleaned six times with a 5 per cent solution of potassium

cyanid. By this method the spoons lost in weight 0.0135, 0.0129,

and 0.0123 grams, respectiveh^, an average of 0.0022 grams in each

cleaning, a greater loss than by either of the other methods.

While the electrolytic method removes the tarnish effectively and
Avith practically no loss of metal, it gives the articles cleaned a satin

finish rather than the bright burnished appearance obtained when
abrasive polishes are used. After the spoons used in these experi-

ments had been cleaned a number of times by the electrolytic method
it was found necessary to rub them with the paste of whiting and

water to restore their original bright polish. In practice, therefore,

it may be found desirable to use the electrolytic method as frequently

as is necessarv to remove the tarnish and to rub the silver with some
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good abrasive x^olisli only as often as may be desirable to restore the

burnished appearance.

A combination of the two methods is sometimes used by adding one

or two teaspoonfiils of finely powdered whiting to each quart of the

cleaning solution, and after removal the silver is allowed to dry

without being rinsed. The film of whiting which adheres to it is

then rubbed off with a soft cloth. This has the advantage of con-

venience, but the polish obtained is not so bright as when the two
methods are used separately.

After one has tried both methods of cleaning silver it is obvious

that much less labor is involved in the use of the electrolytic than

the polishing method. As sodium carbonate in the form of washing

soda and table salt are to be found in most homes, and since a small

piece of aluminum or zinc can be purchased for a few cents, the cost

of the two methods need not differ very much.

A HOUSEHOLD METHOD. >

The details of a satisfactory method for household use are essen-

tially as follows: An enamel or agate ware dish should be partly

filled with a cleaning solution of 1 teaspoonful of either washing or

baking soda and 1 teaspoonful of common table salt to each quart

of water and placed directly on the stove to boil. A sheet of alumi-

num or clean zinc should then be dropped into the dish and the

tarnished silver placed in contact with this metal. It is best that

the silver be entirely covered with the cleaning solution and that

the solution remain at the boiling temperature. As soon as the tar-

nish has been removed the silver should be removed, rinsed in clean

water, and wiped with a soft cloth.

Aluminum corrodes quickly in the cleaning solution, so that

aluminum dishes of any value for culinary purposes should never

be used. Aluminum ware, which would otherwise be thrown away,

or any inexpensive piece of the metal, will serve very satisfactorily

for cleaning silver. Zinc may be used in place of aluminum, but

it becomes corroded and inactive in a much shorter time. Unless it

is possible to o];tain a strong acid, such as muriatic acid, in which
the activity of the zinc may be frequently renewed, it is inadvisable

to try tf) employ this metal in the electrolytic method for cleaning

silver.

SUMMARY.

Expeiiiiieiits'liinc shown that llic coiimiercial devices for cleaning

silver Ijv tlic action of nhiiiiimmi in solutions of soda are generally

satisfact(^ry. Zinc is less satisfactory than aluminum because it
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becomes corroded and loses its efficiency. Sodium carbonate or bicar-

bonate, with or without the addition of sodium chlorid, are equally

effective as the electrolyte of the solution, although to secure the

best results the solution during cleaning should be kept at the boiling

temperature. The electrolytic method cleans plated or sterling sil-

verware without loss of metal, giving, however, a satin finish rather

than a burnished appearance, and has the additional advantages of

being clean and labor-saving.
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INTRODUCTION.

A demand for hardier and more drought-resistant wheats, was
created with the progress of settlement of the drier portions of the

Great Plains area. In response to this demand, the United States

Department of Agriculture began about 1898 to improve the wheat
crop of that area by the introduction from eastern and southern Russia
of varieties which were thought to possess hardiness and drought
resistance. To determine the value of these varieties they were
tested at agricultural experiment stations in different localities in the
Groat Plains area. The principal economic result of this work was the
introduction of Kharkof winter wh(»at and Kubanka durum wheat.

^

Some of the other varieties obtained were found of value for dry-
land areas. Among thom was the Ghirka Spring wheat, which was
bf)th productive and drought resist anl, but comparatively low in

milling value. Its improvement in yield and quality is the subject
of the present paper.

• Carlcton, M. A. Hiird wheats whinliij; thoir way. In I'. H. T)cpt. Agr. 'i'mrl.ook, lOIl, p. ;«)l-.|20,

fiK. 22-2.'i, pi. 35-11. 191.0.

OfJMS"— 16 1
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HISTORY AND DESCRIPTION OF GHIRKA SPRING WHEAT.

The Ghirka Spring is the principal variety of beardless red spring

wheat grown in Russia, particularly in southern Russia and the

Volga River district. It forms a large part of the wheat exported
from Russia.^ This wheat has been introduced into this country
several times. During the period from 1898 to 1904, inclusive, eight

lots were obtained by the Office of Cereal Investigations of the United
States Department of Agriculture. These lots are recorded as Cereal

Investigations Nos. 1046, 1047, 1051, 1192, 1517, 1534, 2644, and
2646.

Other importations of this variety of wheat have been made by
Russian immigrants. Joseph Dukart, who settled at New England,

N. Dak., brought a 2-pound lot from Russia in 1905. From the

Fig. 1.—Heads of eiglit varieties of wheat grown at the Dickinson substation: (1) Kubanka dimim;

(2) Amautka durum; (3) Preston; (4) Ghirka Spring; (5) Kysting Fife; (6) Marquis; (7) Crossbred

Bhiestem; and (8) Haynes Bluestem.

increase of this, several thousand acres are now grown annually in

western North Dakota as ''Russian" wheat. So far, however, the

variety has never become commercially important in this country,

though its acreage may be expected to increase.

The Ghirka Spring wheat has been placed in the Fife group of

spring common wheat by most writers, as its characters are essen-

tially the same as those of the varieties of that group (fig. 1). It dif-

fers from the Red Fife varieties in that it is earlier, has pubescent

leaves, and the spike is a little more slender and distinctly more
tapering at the tip. The kernel is slightly longer, a paler red, and a

little softer.

' Carleton, M. A. Triticum vulgare. Ghirka. In U. S. Dept. Agr., Bur. Plant Indus. Bui. 66 (Seeds

and plants imported), no. 6002. 1905.
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There is a variety known as Ghirka Winter (C. I. No, 1438), which

apparently differs from Ghirka Sprmg only in the winter habit and in

having a shorter, stouter spike.

EXPERIMENTS.

This paper contains the results of experiments with only one of the

department's introductions, Ghirka Spring (C. I. No. 1517) from

Grodno Province in Russian Poland.

The experimental data are discussed under three separate topics,

yield, quahty, and improvement. The yield of the original unse-

lected Ghirka Spring wheat is compared with that of three standard

varieties at a series of seven stations during a period of seven years.

The milling and baking qualities also are compared with those of the

same three standard varieties grown at the Dickinson (N. Dak.) sub-

station during three different years. Finally, the progress being

made in improving both yield and quality by pure-line selection is

shown.
COMPARATIVE YIELDS.

Ghirka Spring wheat has been tested in comparison with other

domestic and foreign wheats at several agricultural experiment sta-

tions in the Great Plains area. Some of these tests have been con-

ducted by the State stations, some by the United States Department
of Agriculture, and some by the two in cooperation.

At the time this wheat was included in the varietal tests at the

experiment stations in the northern part of the Great Plains, Blue-

stem and Fife were the standard wheats grown in that district, while

durum wheat was becoming better known and its acreage increasing.

The experiment stations were testing several varieties and strains of

Fife and Bluestem wheats and many new varieties of durum wheat
which were then being imported. The object of these varietal experi-

ments was to determine which group of wheat was best adapted to

each locality.

The work at the start was considered a local problem. The varie-

tal tests at each station were practically independent of those at any
other. As the work progressed, the best adapted groups and varie-

ties became more and more evident at each testing station. When
the results from all the stations in one part of this area are compared
ordy group adaptations usually are shown. The best variety in each

group has been not always the same at all stations. In some cases

the vari(!ty l(!U(ling at one station has not })oen grown at some of tlio

other stations or, if grown, has been discunhid if tlic yields were not

satisfactory. For these reasons it is diflicult to (;omparo the results

from irulividnul variiitics at a group of stations. It is possible, Ivow-

evor, to pn^scnt yields of (jliirka Spring wlieat (('. I. No. 1517) from

seven experiment stations in tlu; northern Great Plains during the
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N.P/l/rOT/l

period of seven years from 1908 to 1914, inclusive. Yields of Ku-
banka durum wheat (C. I. No. 1440) and Haynes Bluestem wheat
(C. I. No. 2874, Minn. No. 169) for the same years at the same stations
are given for purposes of comparison.

It is desirable to compare the performance of Ghirka Spring with
that of some other Fife wheat, but no one variety of Fife wheat
other than Ghirka has been grown at all of the seven stations diu-ing

this entire period. However, the Rysting Fife (C. I. No. 3022) has
been grown at more stations during the period than any other variety
of this group and is chosen for comparison. Yields of Glyndon Fife

(C. I. No. 2873) have been substituted at the stations where the
Rysting was not grown. The two varieties are very similar in

appearance and are only . different strains of Fife wheat.
The seven stations for which results ^ are presented are Moccasin,

Mont.; Wilhston, Dickinson, and Edgeley, N. Dak.; and Brookings

Highmore, and New-
ell, S. Dak. The lo-

cation and elevation

of these stations are

shown in figure 2 . At
all the stations except

Edgeley, the work was
conducted coopera-

tively by the United

States Department of

Agriculture and the

State experiment sta-

tions. At Edgeley the
tests were conducted

entirely by the State,

and the results given are quoted from the pubhshed annual reports

of that substation for 1908 to 1913, inclusive. The results for 1914,

not yet pubhshed, were kindly furnished by O. A- Thompson, super-

intendent of the Edgeley substation.

The annual and average yields of four varieties of wheat, Kubanlja

durum, Ghirka Spring, Rysting or Glyndon Fife, and Haynes Blue-

stem, grown at seven northern Great Plains experiment stations for

the 7-year period from 1908 to 1914, inclusive,^ are shown in Table I.

The average yield of each variety for each station and ajso the average

for all stations are shown graphically in figure 3.

P/CffJA/SOAf

Wff/iMOffE
Bfloo/rwes

S.PA/fOT/l

Fig. 2.—Sketch map of the northern Great Plains area, showing the

location and elevation (in feet above sea level) of the seven experi-

ment stations, results from which are discussed in this paper.

1 These data have been accumulated at the various stations by the following members of the scientific

staff of the Office of Cereal Investigations: Manley Champlin (Brookings, S. Dak.); Charles H. Clark,

J. A. Clark, and R. W. Smith (Dickinson, N. Dak.): J. D. Morrison (Highmore, S. Dak.); E. L. Adams and
N. C. Donaldson (Moccasin, Mont.); Cecil Salmon and J. H. Martin (Newell, S. Dak.); and F. R. Babcock
(Williston, N. Dak.).

2 The manuscript of this bulletin was prepared in the spring of 1915, but publication has been

unavoidably delayed. This bulletin tacludes experimental results only to the end of 1914.



IMPROVEMENT OF GHIEKA SPRING WHEAT.

v^ff/£Ty /90a TO /&/^
O S to /S 20 £s JO 3S

/^ysr/fjs

W/IUSTOA/ /V.Ot^ff.

S/.yAfOO/V

/V/^yA/£S

O/CA/A/SO/V A/.OA/<.

tSH//f/fAi

/fysT/fVff

/-fAy/\/£s

eoescey a/. o>4/r.

6Hlffff/l

fiysT/fi/G

/^i^y/v£s

B/900/i'/A/<TS SOAff

/fysT//v(S

fY^y/VES

Af/6»r^Off£ S.DAK.

GH/fiffyi

s/.y/vDO/v

Ni^y/VES

/V£W£^L S. DAM'

GfYlffK^

ffysriNQ

/^CC ST/JT/O/VS

AI/S/f/tSE

/908 ro/a/f

957

I

TBS
I

The season of 1908 was a favorable one in regard to rainfall at all

the stations here considered. Rather conflicting results were ob-

tained with the Ghirka wheat at the different stations. The prm-
cipal agreement in the tests was the outstanding yield of the Kubanka,
surpassing the other varieties of wheat at Williston, Brookings,

Highmore, and NeweU, and equaling the yields of the Haynes and

Ghirka Spring for first

place at Moccasin and ^-J^^-
^i/^ff^se y/£ld //v

ickmson, respect-

ively. The Ghirka

outyielded the other

varieties at Edgeley,

but, on the other

hand, gave the lowest

yield at Brookings,

Highmore, and New-
ell. The exception-

ally low yield of the

Ghirka at Highmore
and Brookings was
due, in part at least,

to rust. The average

yield at the seven

stations showed Ku-
banka first, Rysting-

Glyndon second,
Haynes third, and

Ghirka fourth.

The season of 1909

was unusually favor-

able at all the sta-

tions. Kubanka
durum wheat gave the

highest yields at Moc-
casin, Williston, Dick-

inson, Edgeley, and
Newell. The Ghirka

led at Brookings and
Highmore, ranked second at Moccasin, tliird at Williston, and fourth

at Dickinson, Edgeley, and Newell. Under the humid conditions of

this year rust again caused a n^duction in the yield of the Ghirka.

For all stations the Kubanka ranked first, Ghirka second, Haynes
third, and Kysting-Glyndon fonrlii.

The dry season of J910 n-duccd the yields at all stations, and the

results were entirely different from those obtained in previous years.

I

I

'T.f/

I9.7f
I

>as

I9.7&I

I

s/

I8.57I

€97

923

I

Fig. 3.—Diagram showing the average yields of four varieties of

spring wheat and the annual and seasonal precipitation at seven

experiment stations in the northern Great Tlains area for the

7-ycar period from 1908 to 1!U4, inclusive.
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The Kubanka produced relatively low yields at all stations. This

was caused by the sterility of the florets, probably induced by a

combination of drought factors.^ The Ghirka ranked first in yield

at Moccasin, Williston, Dickinson, and Newell; second at Edgeley

and Brookings; and fourth at Highmore. The results of this year

showed that the Ghirka variety possessed real value as a drought-

resistant wheat. For all stations the Ghirka ranked first, Rysting-

Glyndon second, Haynes third, and Kubanka fourth.

Table I.—• Yields of the Ghirlca Spring and three other varieties of wheat grown at seven
experiment stations in the northern Great Plains area, 1908 to 1914, incliisive.

Station and variety.
C.I.
No.

Yield per acre (bushels).

1908 1909 1910 1911 1912 1913 1914
Aver-

Moccasin, Mont.:
Kubanka
Ghirka
Rysting
Haynes

Williston, N. Dak.:
Kubanka
Ghirka
Glyndon
Haynes

Dickinson, N. Dak.:
Kubanka
Ghirka
Rysting
Haynes

Edgelev, N. Dak.:(2
Kubanka (Edgeley No. 6)

.

Ghirka (Edgeley No. 162)

.

Kysting (Edgeley No. 3) .

.

Haynes ( Edgeley No. 46) .

.

Brookings, S. Dak.:
Kubanka
Ghirka
Rysting
Haynes

Highmore, S. Dak.:
Kubanka
Ghirka
Glyndon
Haynes

Newell, S. Dak.:
Kubanka
Ghirka
Rysting
Haynes

All stations:
Kubanka
Ghirka
Rysting
Glyndon
Haynes

1440
1517
3022
2874

1440
1517
2873
2874

1440
1517
3022
2874

1440
1517
3022
2874

1440
1.517

2873
2874

1440
1517
3022
2874

1440
1517
3022
2873
2874

5.0
3.3
2.5

bb.O

12.6
clO. 7

9.8
10.5

23.5
23.5
22.3
21.4

11.5
12.4
10.1
7.9

16.1
8.8
14.9
11.6

22.7
4.8
13.9
14.7

24.9
16.2
19.3
18.3

16.6
11.4

}l3.3

12.8

37.8
34.2
29.0
29.7

39.1
33.2
31.2
34.3

33.7
28.9
33.0
30.0

27.8
19.7
20.3
19.9

11.8
17.7
1.5.5

16.9

17.0
17.7
15.8
17.2

21.4
11.7
15.0
13.8

26.9
23.3

22.8

23.1

13.2
13.0
9.1

11.0
20.2
13.9

14.9
28.6
20.7
13.1

5.8
7.9
6.2
9.0

12.7
16.2
16.9
15.7

8.0
6.2
12.2
10.0

5.3
12.8
10.3
9.0

9.5
15.0

13.3

10.7

33.0
25.2
27.0
18.7

8.9
12.1
8.0

69.2

3.8
9.5
7.7

2.3
2.0
1.6
2.0

3.0
2.8

7.0
7.1

6.8

5.9

(a)

(a)

(a)

(o)

51.0
51.7
44.7
44.3

(a)

(a)

(a)

(a)

34.5
20.1
21.7
23.5

28.0
18.0
16.8
15.8

1.1
2.4

2.1

1.9

22.9
18.8

16.6

12.2

30.7
29.0
26.7
C22.8

33.0
22.2
28.2
30.0

26.7
26.6
28.1
24.8

25.1
30.6
25.2
27.8

28.3
26.7
20.0
20.2

2. a
6.5
8.7

67.7

15.6
16.3
15.0
14.1

23.1
22.5

21.6

21.1

23.0
23.0
23.0
C18.6

53.8
40.4
49.2
42.5

14.2
11.3
12.4
8.3

17.0
9.0
7.0
4.0

15.0
':8.7

9.2
2.5

19.7
11.3
7.3
7.5

C5.9
c6.

1

5.1
5.1

21.9
16.8

17.7

14.1

23.1
21.3
20.2
17.7

29.9
27.2
26.4
25.8

19.5
21.4
20.7
17.7

17.7
14.5
13.2
13.4

16.2
13.8
13.8
12.2

10.1
7.0
8.3
8.5

10.4
9.3
9.2
8.7

18.1
16.4

16.0

14.9

a Destroyed by hail in 1912.
b Yield o"f Haynes Bluestem (C. I. No. 3021, Minn. No. 51).
c Computed from the yields of the other varieties sho'vvn.
<i Results from State substation; work not cooperative. Edgeley numbers and C. I. numbers represent

the same original stocks.

A second successive dry season occurred in 1911 at all stations

except Moccasin. There a plentiful rainfall caused the production

of large yields. Under the favorable conditions at Moccasin, the

1 Salmon, Cecil. Sterile florets in wheat and other cereals. In Jour. Amer. Soc. Agron., v. 6, no. 1,

p. 24-30, 2 pi. 1914.
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Kubanka led in yield, the Rysting ranking second and Ghirka third.

At the other stations, under severe drought conditions, the yields de-

creased from the north to the south, no yields being obtamed at

Highmore and Newell. At Williston and Dickinson the Ghirka agam
pelded considerably better than the other wheats, but did not retain

this advantage at the stations farther south. Early rust, as well as

drought, reduced its yield at Brookings. For all stations, however,

the Ghirka ranked first, Kubanka second, Rysting-Gljmdon third,

and Haynes fourth.

The annual and seasonal precipitation at each station for the seven

3'ears is given in Table II. The averages of these data are included

also in figure 3, to aid in the interpretation of the yield data.

Table II.

—

Annual and seasonal (April to July, inclusive) precipitation at seven experi-

ment stations in three States ofthe northern Great Plains area, 1908 to 1914, inclusive.

Station.

Precipitation (inches).

1908 1909 1910 1911 1912 1913 1914

Moccasin, Mont.:
Annual
Seasonal

Wniiston.N. Dak.:
Annual
Seasonal

Dickinson, N. Dak.:
Annual
Seasonal

Edgeley, N. Dak.:
Annual
Seasonal

Brookings, S. Dak.:
Annual

I 32. 34
Seasonal

i

19. 60
Highmore, S. Dak.:

Annual ,

Seasonal
Newell, S. Dak.:

Annual
Seasonal

All stations:
Annual
Seasonal

21.49
10.57

13.49
7.00

19.48
10.46

17.07
9.24

22.37
12.50

14.23
7.84

20.07
11.03

22.97
13.96

11.74
9.05

21.26
11.53

15.14
10.55

22.34
10.64

18.03
8.52

17.73
12.75

18.46
11.00

15.26
6.50

10.28
5.48

13.34
8.35

12.21
4.01

12.78
6.74

11.15
6.93

12.55
5.76

12.51
6.25

21.15
7.69

13.69
5.70

1.5. 73
5.99

15.47
6.87

24.95
10.62

15. 87
5.41

6.64
1.92

16.21
6. .31

a 15. 00
a 7. 93

16.33
10.20

a 19. 06
a 12. 46

21.84
15.59

2.3.18

14.95

11.16
6.00

16.09
8.07

17.72
10.96

14.96
9.32

14.28
5.63

11.93
5.31

19.82
9.06

16.58
10.69

12.46
8.59

12.53
5.66

14.65
7.75

15.67
9.38

18.47
11.98

22.74
16.79

18.05
13.23

24. 15
14.09

17.52
11.98

11.70
6.74

18.33
12.03

>> 18. 58
6 9.57

14.04
7.86

b 17. 41
6 9.74

17.09
9.79

22.33
12.47

15.51
8.57

13.07
6.97

17.15
9.28

a Theso precipitation data are excluded from the average because the crop was destroyed by hail.
b Average Tor only 6 years, excluding 1912.

In 1912 the varieties at Moccasin and Dickinson were destroyed by
hail and no yields were obtained, although very favorable conditions

cxi.sted until the hail occurred. At Williston, under similar favorable

conditions, unusually largo yields were obtained. At Edgclcy and
Brookings the conditions were fair, while at Iligluuorc and Newell the

third HUcr;ossive droughty year occurred. Tlie Ghirka slightly out-

yielded the Kubanka at Williston and also led the other varieties at

Highmore and New(;ll. At the latt(5r station it was the only variety

of the four that f)ro(luced grain, thus showing again its drought-

resi.sting ability. Kubanka producf^d a yield a third gn^atc^r than the

other varieties at both li^dgeley iind I>r()()l<iiigs, (hie- largely lo the
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greater rust resistance of the durum wheat. The rank m yield of the

other three varieties at these two stations was reversed. For the five

stations where results were obtained the Kubanka ranked first,

Ghirka second, Rysting-Gljmdon third, and Haynes fourth.

The favorable season of 1913 resulted in good yields at all stations

except Highmore. The Kubanka led in yield at Moccasin, Williston,

and Brookings, the Ghirka at Edgeley and Newell, the Rysting at

Dickinson, and the Gljnidon at Highmore. For all stations the Ku-
banka ranked first, Ghirka second, Rysting-Glyndon third, and

Haynes fourth.

The season of 1914 was favorable at Moccasin and WilHston, but

drought, hail, and rust reduced the yields at the other stations. The
yields have been computed for certaui varieties which were not grown
at three stations in 1914. The Haynes was discarded at Moccasin

after 1912 and the Ghirka at Brookings after 1913. The Kubanka
and Ghirka were unfortunately omitted, through error, from the test

at Newell in 1914. The yields at Dickinson were damaged about two-

thirds by hail. Rust reduced the yields at Edgeley, Brookings, and

Highmore as much or more than drought.

The Kubanka produced the best yields at Williston, Edgeley,

Brookings, and Highmore and equaled the yields of Ghirka and Kyst-

ing at Moccasm. The yield of Ghirka was relatively less at all sta-

tions except Moccasin than that usually obtained. For all stations

the Kubanka ranked first, Rysting-Glyndon second, Ghirka third,

and Haynes fourth.
SUMMARY OF YIELDS.

The averages for the seven years from 1908 to 1914, inclusive, cov-

ering a period of varymg seasonal conditions, show a remarkable uni-

formity of results for the different varieties at each station. The
Kubanka durum leads all varieties at all stations except Dickinson.

Had the comparison included the results for 1907 at Dickinson the

Kubanka would have outyielded the other varieties. A selection

from Kubanka called Kubanka No. 8 (C. I. No. 4063) also outyielded

the other varieties at Dickinson for the 5-year period from 1910 to

1914, inclusive.

The Ghirka has ranked second at Moccasin, Williston, Edgeley, and

Newell, and tied with Rysting for second rank at Brookings. At
Dickinson the Ghirka was first and at Highmore fourth.

The Rysting-Glyndon ranked third at Moccasin, WiUiston, High-

more, and Newell and tied at Brookings for second place. At Dick-

inson it ranked second and at Edgeley fourth.

The Haynes gave the lowest yields at Moccasin, WiUiston, Dick-

inson, Brookings, and Newell. It ranked third at Edgeley and

second at Highmore.
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The yield data presented are based on 182 actual determinations

(crops destroyed b}^ hail not considered). Yields have been com-
puted in six other cases where the varieties were not sown and actual

yields, therefore, were not obtained. This makes a total of 188

tests, or 47 tests for each of the four varieties. In three of these

tests no yields of grain were obtained from all or from at least three

of the varieties. In five other tests, either two or three of the varie-

ties were equal in yield.

In 39 tests the four varieties can be definitely ranked. There are

24 possible combinations in which four varieties can rank. The
varieties actually ranked in 15 of the possible 24 ways in the 39 tests.

In annual yield, averaged for all stations, the varieties ranked in the

same order only twice during the seven seasons. This shows con-

flicting annual results under varying seasonal conditions.

The varieties ranked first or equaled another variety for first rank,

as follows: Kubanka 24 times, Ghirka 17 times, Rysting or Glyndon
6 times, and Haynes 2 times during 44 tests.

The average acre yield in 47 comparative tests at seven stations

was 18.1 bushels for Kubanka, 16.4 bushels for Ghirka, 16 bushels

for Rysting-Glyndon, and 14.9 bushels for Haynes. This shows a

rather definite agreement of average results under varying seasonal

conditions.

It is beheved that the data presented fairly indicate what may be

expected in yield from these four wheats in the northern Great
Plains during a series of years.

The Ghirka variet}^ has compared favorably with standard durum,
Fife, and Bluestem varieties, yielding less than the durum but more
than the Fife and Bluestem varieties on an average at seven stations

during a 7-year period. While it is susceptible to rust in moist sea-

sons, it has proved more drought i-esistant than the other wheats
hero studied, outyielding all others in th<^ (]rj seasons.

MILLING AND BAKING QUALITY.

Quality as w<sll as ^aeld is an important consideration in deter-

mining the value of a variety. Quality of wheat is thought of in

many different ways. To the farmer it means grade; to the miller

and baker it is the alnlity of a wheat to jmxluce a high percentage of

flour and a loaf of largo volume. Kclativcly few data, have been gath-

ered on lli(f f|iiality of the Ghirka wheat as compared with those on
yiei\(\.

Hard spi'iiig coninicii wlwsils gradd as No. 1 ]liiTd,N(>. 1 Nortluvrn,

No. 2 Northern, etc Tlu* (iiiiika wluijil wlicii nnii'k<^ted lias been
iii<duded iri tlu? Northern gradr;. The sonu^what soft k<»rnel ])r<vvents

its i-ivcv gruding as No. 1 Hard. No e.\leiisiv<i tests ]iav(^ Ixkiii

niiidc (if tlui cnisliiiig point of the (iliij'ka kcnicl coniparcid with

noi'i;'/-' \r, -2
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that of other varieties. A preliminary test, however, indicates the

Ghirka to be about three-fourths as hard as the Haynes Bluestem and
about one-half as hard as Kubanka durum wheat. This confirms the

general opinion that Ghirka is a semi-r

hard rather than a hard wheat.

Many milling and baking tests have
been made of Ghirka wheat grown
at various stations^ but the methods
used by the investigators have varied.

For several years the Office of Cereal

Investigations and the North Dakota
Agricultural Experiment Station

have studied the milling and baking

qualities of the principal wheats

grown at the Dickinson substation.

During three years, 1911, 1913, and

1914, the method used was the same.

These data compare the milling and
baking qualities of the Ghirka with

those of the wheats already compared
with it in regard to yield. The data

for the Ghirka, Kubanka, and Haynes
varieties are strictly comparable.

The results from the Rysting in 1911

and 1913 have been combined with

those from the Glyndon in 1914 to

make the data somewhat comparable

with those on yield. The annual and

average results are given in Table

III. In figure 4 only the average

results are shown.

In 1911, data were obtained on the

yield of straight flour and on the vol-

ume, color, and texture of the loaf.

The Ghirka produced the lowest yield

of flour and scored lowest in texture.

The loaf volume was greater than that

from the Rysting and the Kubanka,

and the color of the loaf was better than that from the Kubanka. The

Haynes gave the highest yield of straight flour, as well as the largest

volume of loaf. The Rysting had the best color and texture of loaf.

In 1913, data on the crude-protein content of the kerneland on

loss in milling were obtained for the first time. In that year the

Ghirka was highest in loaf volume but lowest in crude-protein con-
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Fig. 4.—Diagram showing the a^'erage results

of milling and baking tests of four varieties

of wheat grown at the Dickinson substation

during 1911, 1913, and 1914.
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tent and yield of straight flour, and it showed the greatest loss in

milling. The low yield of flour and the loss in milling are especially

pronounced. This is partly due to a peculiar flufliness of the Ghirka

flour. The Haynes gave the highest yield of straight flour and tied

Kubanka for the highest score in texture of loaf. The Rysting had

the highest percentage of crude protein in the wheat and the best

color of loaf.

The data for 1914 show that the Ghirka is the poorest in crude-

proteui content and color and texture of loaf and shows the greatest

loss in milling. The Haynes leads in crude-protein content and tex-

ture of loaf. Tlie Glyndon yields more straight flour, produces- the

best volume of loaf, and ties with the Haynes in color of loaf.

The 3-year average of these data shows that the Ghirka variety

has not compared favorably in quality with standard Bluestem, Fife,

and durum wheats. It ranks relatively low in market grade, in

crude protein, color and texture of loaf, and yield of straight flour,

and has a large loss in milling. The volume of loaf is usually good,

although averaging less than that of Bluestem.

Table III.

—

Milling and baking tests of Ghirka and three other varieties of wheat grovn
at the Dickinson (N. Dak.) sjihstation in 1911, 191S, and 1914.°'

Variety.

"rude protein (X X 5.7; in wheat (per cent):
Kubanka
Ghirka
Rj-sting
Glyndon
Haynes

"^'ield of straight flour (percent):
Kubanka
Ghirka
K \-sting

Glyndon
Haynes

Loss in milling (per cent):
Kubanka
Ghirka
R vsting
Glyndon
Haynes

Volume of loaf (cubic centimeters):
Kubanka
fJhirka
R vsting
Glyndon
Havnes

<'olor of loaf (percent):
Kubanka .•

Ghirka
K vsting
' ; IjTidon
I layrifts

'Ipxtiiro of Urdt ([)er cent):
Kubanka ;.

Ghirka
H vsting
Glyndon
Haynes

C. I. No.

1440
1517

6 3022
6 2873
2874

1440
1517

6 3022
6 2873
2874

1440
1517

6 3022 )

6 2873 /•

2874

1440
1517

6 3022
6 2873
2874

71.2
68.7

71.2

73.5

1,970
2,150

I
2,060

2,320

1440
1517

6 3022 \

6 2S73 /
2874

1440
1517

6 3022
6 2873
2874

1913 1914

15. 50
14.36

14.99
13.52

15.80 15.33

14.99 15.50

69.7
65.3

66.9
67.3

70.6 68.

4

71.2 66.

6

2.57
5.94

.82
2.80

3.22 1.80

2.fiS 2. 37

1 , 9S5

2,270
2, 435
2,648

2, ()()() 2,945

2, 260 2,900

93
96

96.

91.5

99 97,0

96 97.0

91

9;!

9,^).

93.

90 95. 5

91 96.0

Aver-
age.

15.25
13. 94

15. 57

15. 25

69.3
67.1

70.1

70.4

1.70
4.37

2.51

2.53

2,130
2, 356

2, 335

2, I9:i

90.7
90. S

97.7

96.0

91.7
90.3

90.8

92.

a The grain wiis mlilMl and the bread bakf^d at llio North T)akota Agricultural IC.xpcritnont Station.
'' lu-siiii.s for 1911 and 1913 are from Uy.sting (C 1. No. .3022); for 1914, from (ilyndon (('. 1. No. 2^73).
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The Haynes lias the highest average yield of flour, volume of loaf,

and texture of loaf. The Rysting-Glyndon has the highest average

crude-protein content and color of loaf. The Kubanka shows the

smallest loss in milling.

The data given show that the Haynes is superior to the Ghirka in

all of the six characters studied. The Rysting-Glyndon is superior

in all characters except loaf volume, and the Kubanka is superior m
all characters except volume and color of loaf.

IMPROVEMENT BY SELECTION.

The high-yielding and drought-resistant power of the Ghirka wheat
was early recognized at the Dickinson substation. A further improve-

ment in the yield and quality of the variety was sought through

isolatmg a large number of pure lines and comparing them with the

Fig. 5.—Pure-line selections of Ghirka Spring wheat growing in eightieth-acre plats at the Dickinson

substation in 1913.

original. This work was started in 1909, when about 300 heads

were selected from a plat of the Ghirka wheat.* The kernels from

these were sown in head rows in 1910. Yield data were obtained,

and all the best, a large number of the medium, and some of the

poorest were selected for sowing in 1911. Of these selections, 104

were sovm in 17-foot rows for comparative 3'ields, with the original

Ghirka mass variety used as a check every third row. Eighty of

the selections were sown also in rows of varying length to increase

1 The experiments to improve the Ghirka Spring variety by pure-line selection were suggested by Supt.

1.. R. AValdron, of the Dickinson substation, who has maintained his interest in the -w^ork throughout

the entire period. The original selections were made by Mr. Charles H. Clark, who was in charge of

the cereal work at the Dickinson substation inl909and 1910. From 1911 to July 25, 1914, the writer was in

direct charge of the cooperative cereal experiments at Dickinson. On the latter date he was succeeded

by Mr. Ralph W. Smith, who continues in charge of the work as Scientific Assistant in Cereal Investiga-

tions.
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the seed. Considerable variation was observed in the different pure
lines, not only in respect to yield but also in the color and texture

of the kernel, morphological characters of the plant, etc.

In 1912 the same 104 selections were sown in duphcated 17-foot

rows with checks. About 20 were sown also in hundredth-acre

plats. These tests were all destroyed by hail.
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Fig. 6.—Diagram showing the annual and avora^o actual and computed yields of fJhirka Spring

wheat (C. I. No. 1517) ased as a check and 30 pure lines selected therefrom, grown at the Dickinson

substation in lOl.'J and 1914.

In 1013 the entire 104 selections wore again sown in 17-foot rows

from reserve stocks of seed. In addition, 86 of them were grown in

108-foot rows and 24 in plats (fig. 5) of one-eightieth acre. This series

of tests gave considerable information on the behavior of these pure

linos.

Samples of the grain from Ui(> 21 pure linos grown in field plats

wore used in milling and bilking Icsts in cooperation with the North
Dakota Agricultural iCxp(!rimcnt Station.
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In 1914 the work was continued. Besides the nursery work, 24

selections were again grown in field plats. Eighteen of these were

the same as those grown in plats in 1913. The wheats were greatly-

damaged by hail which fell shortly before the crop was ripe. The
plats were harvested, however, and yield data obtained. Milling

and baking tests were also made
on a number 01 the selections.

The annual agronomic data for

the pure lines grown in plats in

1913 and 1914 are given in Table

IV, together with data from the

check plats of the original Ghirka,

C. I. No. 1517. In figure 6 are

shown the results obtained in 1913

and 1914 and the average for the

two years. The pure lines are ar-

ranged in the actual order of the

sowings, and the actual and com-
puted yields are shown separately.

The actual yield of the check plats

and the average for all checks

are shown by different lines.

Improvement in the quality of

Ghirka wheat is more important

than increase in yield. It was
hoped that a pure line would be

found which had the combined
characters necessary for good
quality and high yield. A study

of the milling and baking data

obtained during the two years

1913 and 1914 on the highest

yielding selections indicates that

the desired result was obtained.

These data are shown in Table V.

Figure 6 shows that in 1913 the

Ghirka selections Nos. 4, 5, 17,31,

66, and 72 were outstanding in re-

gard to yield and thatmany others

were better than the parent mass
variety. The data for 1914 show

that Nos. 4, 5, 50, 66, and 72 produced outstanding yields. An aver-

age of the yields of the pure lines grown both years shows Nos. 4, 5,

66, and 72 to be the best four selections when both actual and com-
puted yields are considered, each showing an increase of more than
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Fig. 7.—Diagram showing the average results

of milling and baking tests of Ghirka Spring

wheat (C. I. No. 1517) and four pure lines

selected therefrom, grown at the Dickinson

substation in 1913 and 1914.
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3 bushels over the parent variety. No definite conclusions can be

drawn from the results of only two years, but the data indicate that

improvement in yield is possible and that progress is bemg made.
Diu-ing the years covered by these data rust was not prevalent and
no data were obtained on the rust-resisting ability of the different

selections.

The average data for the four highest yielding pure lines and the

parent mass variety are shown graphically in figure 7. The data

given for the pure lines each year are an average of one millmg and
two bakings and for the parent variety are an average of these data

from two plats, or an average of two milUngs and four bakings.

In 1913-, Ghirka selections Nos. 4 and 66 exceeded the original Ghirka

in crude-protein content and in yield of straight flour, gave a smaller

loss in milling, and produced loaves of greater volume, which also

scored higher in color and texture. This was an improvement in all

of the characters here studied. Nos. 5 and 72 exceeded the original

in some characters but failed to equal it in others.

In 1914, No. 4 gave the highest volume of loaf, but was low in crude

protein and yield of straight flour, had a high loss in milling, and
scored low in color. No. 66 scored low in volume of loaf and in

texture, but otherwise exceeded the check. For the second year it

showed an unusually low loss in milling.

Selection No. 5 led in crude protein and yield of straight flour, was
superior to the original in volume and texture of loaf, and lost less

in milling. Selection No. 72 was low in yield of flour and in volume,

color, and texture of loaf. None of the four highest yielding pure

lines exceeded the original variety in all characters in 1914.

The average for the two years shows that selection No. 4 was
superior to the unselected Ghirka in all characters except crude-

protein content and No. 66 in all characters except volume of loaf.

No. 5 shows a decrease in crude protein and in color of loaf, while

No, 72 shows a decrease in the volume, color, and texture of loaf.

While none of the four best yielding selections has exceeded the mass
variety in all of the characters studied, a gain in some of the characters

offsets the loss in others, and the data thus far obtained indicate that

at least the first three selections mentioned are superior in quality

to the parent mass variety.
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Table IV.

—

Agronomic data for unselected Ghirka wheat, used as a check, and 30 -pure

lines selected therefrom, grown at the Dickinson (N. Dak.) substation in 1913 and 1914.

C.I.
No.

Date.
Plant-
ing to
ma-

turity.

Stand.

Height.

Yield per acre.

Weight
per

bushel.

Ghirka and
selections. Head-

ed,
July—

Ripe,
.^ug.—

Plants
per
acre.

Esti-
mated.

Actual. Computed.

Grain. Straw. Grain. Straw.

Thmi-
Season of 1913:1 JDays. sands. Per ct. In. Bu. Cwt. Bu. Cwt. Lbs.

Gliirka 1517 14 12 113 640 86 27.

Z

20.4 30.0 24.6 61
Selections

—

No. 4 4413 14 12 113 696 94 32.1 35.6 25.3 39.0 31.0 62
No. 5 4414 12 9 110 776 105 34.0 40.5 23.3 44.3 28.8 62.5
No. 12 4415 12 12 113 688 93 33.4 35.3 22.4 38.7 28.0 62.5
No. 13 10

12
10
12

111
113

844
700

114
95

34.2 31.3
27.3

19.6
19.2

32.3
30.0

25.2
24.6

61 5
Ohirlra

,
1517 62.3

Selections

—

No. 15 4416 16 15 116 560 76 33.2 28.8 19.8 31.3 24.3 61.5
No. 17 4417 14 12 113 724 98 34.5 35.2 21.7 36.1 25.5 62.5
No. 19 12

10
12

12
9

12

113
110
113

860
692
700

116
94
95

34.3
32.3

27.7
32.2
29.5

20.2
23.5
23.5

28.9
3.3.2

30.0

22.9
25.6
24.6

61.5
No. 20 61
Ghirka 1517 62

Selections

—

No. 21.. 12
14

12
12

113
113

608
868

82
117

32.4
35.0

33.0
34.7

24.3
25.6

31.8
31.9

24.1
24.2

62
No. 23 4418 62.5
No. 21 4419 14 12 113 728 98 34.0 36.0 25.2 31.6 22.6 61.5
No. 25 4420 14 12 113 840 113 34.3 36.2 26.9 30.4 22.2 62
Ghirka.... 1517 12 12 113 680 92 37.2 30.1 30.0 24.6 62.5

Selections

—

No. 29 4421 10 9 110 860 116 32.3 3.3.2 25.7 27.3 21.5 61
No. 31 12

12
12
12

12
12
12
12

113
113
113
113

768
820
836
648

104
111
113
88

32.7
32.3
31.8

38.0
34.1
33.3
33.3

29.2
28.0
26.0
26.8

31.9
29.3
29.3
30.0

25.0
24.5
23.3
24.6

62
No. 36 62.5
Np. 37 62
Ghirka.... 1517 62

Selections-
No. 40 4422 12 12 113 768 104 31.7 32.0 23.2 29.7 21.2 62
No. 47 12

12
14

13

9
9

114
110
110

752
688
896

102
93
121

30.4
34.3
33.4

28.8
31.7
33.0

27.9
26.7
25.9

27.6
31.4
33.8

25.4
24.1
23.4

61
No. 61 62
No. 65 4424 61.5
No. 66 4425 12 12 113 828 112 31.6 35.2 25.9 37.3 23.1 61.5
No. 68 4426 10 10 111 792 107 31.3 22.0 34.5 19.7 60.5
No. 72 4427 11 12 113 720 97 3.3.9 32.0 25.6 36.6 22.9 62.5
Ghirka 1517 12 12 113 684 92 25.2 27.7 30.0 24.6 61

Selections-
No. 74 12 12 113 524 71 34.2 19.3 17.6 24.0 22.8 61

Season of 1914:-

Ghirka 1517 10 8 112 616 114 41.5 6.4 17.3 10.3 19.0 51

Selections-
No. 4 4413 10 8 112 532 99 11.2 20.2 15.8 21.6 52.5
No. 5 4414 10 8 112 454 84 37.2 13.2 25.7 16.4 26.9 52.5
No. 12 4415 10 8 112 436 81 39.8 7.6 9.8 8.5 10.1 53
No. 17 4417 10 8 112 490 91 39.2 8.8 9.1 9.0 9.1 51.5
No. 20 10

10
8
8

112
112

460
596

85
110

36.7
41.5

6.4
12.0

24.0
19.7

5.9
10.3

23.6
19.0

49
Ghirka. . .

.

1517
Selections

—

No. 21 . . 12
10

8
8

112
112

460
464

85
86

39.9
39.9

10.4
10.0

20.6
23.8

8.9
8.6

20.1
23.2

53

No. 24 4419 51.5
No. 25 4420 10 8 112 440 82 41.1 9.2 20.4 7.2 20.2 52
No. 29 4421 8 8 112 456 85 39.2 10.0 19.0 8.6 18.9 49

No. 31 10
10

8

8
112
112.

472
644

87
119

39.4
39.8

9.2
12.0

17.5
18.7

7.2
10.3

17.6
19.0

52

Ghirka 1517 52
Selections-
No 36 10

11
8
8

112
112

552
472

102
87

41.9
40.2

11.2
10.4

22.1
28.3

9.9
9.6

22.1
28.0

51.5
No. 40 4422 52

Selections-
No. 47 10

9
8
8

112
112

644
636

119
118

38.1
40.3

9.6
12.8

15.4
25.0

9.2
12.7

15.0
24.1

51.5
No. 50 4423 52

No. 55 9

10
8

8

112
112

580
604

108
112

41.3
40.4

10.4
9.6

23.5
20.2

10.7
10.3

22.4
19.0

.53. 5

Ghirka 1517 51.5

Selections

—

No. 57 9
11

10
10

10

8

8
8
8
8

112
112
112
112
112

628
532
692
516
544

116
99
110
96

101

43.5
38.8
40.9
40.7
37.1

11.2
10.0
10.0
9.2
11.2

19.2
27.6
17.0
22.3
20.2

11.9
10.4
10.3
9.4
11.2

18.7
27.9
18.0
24.5
23.1

52
No. 59 51

No. 61 53

No. 62 50.5

No. 65 4424 51

Ghirka.... 1517 10 8 112 512 95 41.6 10.4 15.8 10.3 19.0 52

Selections

—

Nos. 4 and
66 9

9

8

8
112
112

528
584

98
108

40.1
42.6

10.0
12.4

21.8
27.1

9.8
12.0

24.5
28.8

62.5
No. 66 4425 52.5
No. 68 4426 10 8 112 524 97 39.2 9.6 18.2 9.2 18.2 51

No. 72 4427 10 8 112 496 92 14.4 29.8 13.6 28.2 51.5
No. 102 14

11
8
8

112
112

664
596

123
110 ""ii'.i

8.4
11.2

24.7
22.1

7.8
10.3

22.3
19.0

49
Ghirka 1517 52.5

1 Sown Apr. 21, emerged May 10, harvested Aug. 15, 1913.
2 Sown Apr. 18, emerged May 2, harvested Aug. 10, 1914.
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Table Y.—Milling and taking data for Ghirha wheat, used as a check, and 25 pure lines

selected therefrom, grown at the Dickinson {N. Dak.) substation in 1913 and 1914-

Plat
No. Variety.

C.I.
No.

Crude
protein

in
wheat
(NX
5.7).

Yield
of

flour.

Loss in
mill-
ing.

Loaf.

Vol-
ume. Color.

Tex-
ture.

Season of 1913:

Selections

—

No. 4 . .

.

No. 5 . .

.

No. 12..
No. 13 .

.

No. 15..
No. 17..
No. 19..
No. 20..
No. 21 .

.

No. 23 .

.

No. 24..
No. 25 .

.

No. 29 .

.

No. 31 .

.

No. 36..
No. 37..
No. 40..
No. 47..
No. 61..
No. 65..
No. 66..
No. 68..
No. 72 .

.

No. 74 .

.

\
Ghirka

Season of 1914:

Selections

—

No. 4 . .

.

No. 5...
No. 24 .

.

No. 29 .

.

No. 40..
No. 50..
No. 66..
No. 72..

h Ghirka

4413
4414
4415

4416
4417

4418
4419
4420
4421

4424
4425
4426
4427

1517

4413
4414
4419
4421
4422
4423
4425
4427

1517

Per ct.

14.36
13.45
14.42
14.99
15.28
13.97
15.28
16.07
14.82
14.36
14.54
15.16
15.62
15.28
15.16
14.54
14.54
14.88
14.71
14.48
14.76
15.50
14.99
14.71

13.88

12.94
14.54
13.22
13.97
14.36
14.71
14.36
14.19

14.02

Per ct.

71.2
69.6
68.7
67.1
69.9
68.5
69.1
68.9
70.5
69.8
67.2
70.3
67.5
70.1
69.8
70.4
72.0
70.7
69.2
68.9
72.4
67.2
72.2
71.7

69.6

67.2
69.0
66.9
66.0
65.7
68.0
67.9
66.5

67.3

Per ct.

3.35
.5.65

4.75
5.78
7.39
5.14
4.50
5.10
2.85
4.50
5.98
4.01
7.10
4.17
4.32
4.57
3.10
4.77
5.73
5.17
1.46
7.68
3.49
4.21

5.51

3.06
1.39
2.67
2.06
2.60
1.80
.80

1.73

2.i

C.c.
2,450
2,300
2,320
2,130
1,860
2,200
2,265
1,885
2,155
2,150
2,350
2,065
1,790
1,985
2,030
1,895
2,120
2,110
2,080
2,050
2,097
1,825
1,975
1,895

2,011

2,685
2,660
2,675
2,590
2,320
2,405
2,520
2,470

2,648

90
89
94
90
93
93
93
91

91.5

Per ct.

94
93
94

92
93
90
92
90
94
90
86
92
90
90
93.5
93
93
94
93.5
85
92
89

91.5

95
94
92
92
89
90
92.5
90.5

93

A comparison of these three pure Imes with standard varieties will

servo to show their relative values. Five such varieties have been
grown and a comparison is made of their annual and average yields

per acre, percentages of straight flour, and volumes of loaf in Table
VI. While the data on yield are not strictly comparable, owing to the

difference noted in the size of plats, they show that the selections

possess the ability to produce comparatively high yields. In per-

centage of straight flour the average shows that selection No. 66 ex-

ceeds any of tlie other varieties studied, while selections Nos. 5 and 4
exceed the Ilaynes, Marquis, and Red Fife. In volume of loaf the

Ilaynes sliglitly (jxceeds selection No. 4, which, in turn, is superior to

the Red Kiff!, Preston, Marquis, and Kubanka, while selection No. 5

is sup(5rior to the Preston, Marquis, and Kubunka, and selection No.
66 is supcirior to the Kubanka.

Tliese scdc^dions and several others are being further tested to

d(!t(!rnune more accurately their true value before any are dis-

tributed.
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Table VI.— Yields ofgrain and offlour and volumes of loafobtainedfrom three pure-liTie

selections of Ghirka and five standard varieties of hard spring wheat grown at the Dick-
inson {N. Dak.) substation in 1913 and 1914.

[The varieties are arranged in the order of their average yields.]

Variety.

Yield per acre (bushels):
GhirkaNo.5 4414 a40.5 613.2 26.9
Ghirka No. 66 4425 ci35.2 6 12.4 23.8
GhirkaNo.4 4413 o35.7 611.2 23.5
Kubanlja 1440 cZl.2 ^14.2 22.7
Red Fife 3329 c28.3 dio.2 19.3
Preston 3081 c25.6 'il2.9 19.3
Marquis 3641 c24.0 du.o 19.0
Haynes 2874 c24.8 <28.3 16.6

Yield of straight flour (percent):
Ghirka No. 66 4425 72.

4

67.

9

70.

2

Kubanka 1440 71.8 66.9 69.4
Preston 3081 70.7 68.1 69.4
GhirkaNo.5 4414 69.6 69.0 69.3
GhirkaNo.4 4413 71.2 67.2 69.2
Haynes 2874 71.2 66.6 68.9
Marquis 3641 69.2 63.8 66.5
Red Fife 3329 71.8 60.0 65.9

Volume of loaf (cubic centimeters):
Haynes 2874 2,260 2,900 2,580
GhirkaNo.4 4413 2,450 2,685 2,568
RedFife 3329 2,220 2,775 2,498
GhirkaNo.5 4414 2,300 2,660 2,480
Preston 3081 2,170 2,785 2)478
Marquis 3641 2,250 2,475 2,363
GhirkaNo.66 4425 '2,097 2,520 2,309
Kubanka 1440 1,985 2,435 2,210

Aver-

a Plats one-eightieth of an acre.
6 Plats one forty-eighth of an acre.

c Plats one-tenth of an acre.
d Plats one forty-eighth of an acre, replicated four times.

It is possible that a mixture of two or three of the best selections

may result in a further improvement in yield or quality. A pre-

liminary test to determine this, combining selections Nos. 4 and 66,

is already under way. Crosses have been made between these best

pure lines and other varieties of hard spring common wheat, and
promising selections of the progeny of the second and fourth genera-

tions are now in existence. From these a still further improvement

in quality and in rust resistance is expected, while retaining the

high-yielding and drought-resistant qualities of the Ghirka wheat.

CONCLUSIONS.

Ghirka Spring wheat, a variety of commercial importance in

Russia, has proved adapted to the northern part of the Great Plains

area of the United States. The variety is susceptible to rust in

moist seasons and in humid areas, but it has proved to be a valuable

drought-resistant wheat.

Tests at seven experiment stations in the northern Plains area,

covering a period of seven years, have shown that on an average

the Ghirka Spring has yielded more than the Rysting Fife and

Haynes Bluestem common wheats, but less than the Kubanka
durum wheat. The quality of the Ghirka, however, is inferior to

that of these standard wheats.
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Expermients are being made at the Dickinson (N. Dak.) substation

to improve both tlie yield and the quahty of the Ghirka wheat by
isolatmg superior pure Imes. Many pure hnes have been tested,

and among them selections Nos. 4, 5, and 66 have thus far proved

superior to the others and to the original mass variety in both yield

and quahty. They also compare favorably with the standard spring-

wheats of the Great Plains area m quality as well as in yield. The
selections are also proving valuable material for crossmg with va-

rieties possessmg greater rust resistance and high quality of grain.

From the data given it is shown that improvement in yield and
quahty is possible from pure-line selection and that good results are

being obtamed.



PUBLICATIONS OF THE UNITED STATES DEPARTMENT OF AGRICULTURE
RELATING TO THE IMPROVEMENT OF WHEAT.

AVAILABLE FOR FREE DISTRIBUTION.

Cereal Experiments at Dickinson, N. Dak. (Department Bulletin 33.)

Cereal Experiments at the Williston Substation. (Department Bulletin 270.)

Cereal Experiments on the Belle Fourche Experiment Farm. (Department Bulle-

tin 297.)

Cereal Experiments in Maryland and Virginia. (Department Bulletin 336.)

Alaska and Stoner, or "Miracle, " "^Tieats: Two Varieties Much Misrepresented. (De-

partment Bulletin 357.)

Cereal Experiments at the Judith Basin Substation, Moccasin, Mont. (Department

Bulletin 398.)

Experiments with Marquis "\ATieat. (Department Bulletin 400.)

Cereal Experiments at the Akron Field Station, Akron, Colo. (Department Bulle-

tin 402.)

Cereal Experiments on the Cheyenne Experiment Farm, Archer, Wyo. (Depart-

ment Bulletin 430.)

The Smuts of Wheat, Oats, Barley, and Corn. (Farmers' Bulletin 507.)

Durum "WTieat. (Farmers' Bulletin 534.)

Culture of Winter \\Tieat in the Eastern United States. (Farmers' Bulletin 596.)

Winter "^Tieat Varieties for the Eastern United States. (Farmers' Bulletin 616.)

Growing Hard Spring Wheat. (Farmers' Bulletin 678.)

Varieties of Hard Spring Wheat. (Farmers' Bulletin 680.)

Marquis ^Tieat. (Farmers' Bulletin 732.)

Hard Wheats Winning Their Way. (Separate 649 from Yearbook 1916.)

FOR SALE BY THE SUPERINTENDENT OF DOCUMENTS, GOVERNMENT PRINTING
OFFICE, W^ASHINGTON. D. C.

Cereal Investigations at the Nephi Substation. (Department Bulletin 30.) Price, 10

cents.

Experiments with 'WTieat, Oats, and Barley in South Dakota. (Department Bulle-

tin 39.) Price, 10 cents.

Spring "\ATieat in the Great Plains Area: Relation of Cultural Methods to Produc-

tion. (Department Bulletin 214.) Price, 10 cents.

The Commercial Status of Durum Wheat. (Bureau of Plant Industry Bulletin 70.)

Price, 10 cents.

Improving the Quality of Wheat. (Bmreau of Plant Industry Bulletin 78.) Price, 10

cents.

Improvement of the T\Tieat Crop in California. (Bureau of Plant Industry Bulleti ^

178.) Price, 10 cents.

Winter Wheat in Western South Dakota. (Bureau of Plant Industry Circular 79.)

Price. 5 cents.

20

WASHINGTON : GOVERNMENT PRINTING OFFICE : 1916



UNITED STATES DEPARTMENT OF AGRICULTURE

BULLETIN No. 426

Contribation from the Forest Service

HENRY S. GRAVES. Forester

Washington, D. C. PROFESSIONAL PAPER December 30, 1916

SUGAR PINE

By

LOUIS T. LARSEN, Forest Examiner, and T. D. WOODBURY,
Assistant District Forester

CONTENTS

Importance of Sugar Pine ....
Geographical and Commercial Range .

Habit and Root System ,

Bark, Leaves, Flowers, and Seed .

Size and Longevity

Sasceptibility to bijory and Disease ,

Silvical Requirements

Reproduction

Forest Types ,

Page

1

2

3

3

4

4

7

8

9

The Wood 10

Page
Logging 12

MiUing 13

Values and Grades of Lumtier .... 16

Marlcets 20

Uses 20

Stumpage Prices 23

Growth and Yield 24

Management 20

Management of Private Umberlands . . 35

Appendix 37

WASHINGTON
GOVERNMENT PRINTING OFFICE

1916



FOREST SERVICE.

HENRY S. GRAVES, Forester.

ALBERT F. POTTER, Associate Forester.

HERBERT A. SMITH, Editor.

BRANCH OF RESEARCH.

Eable H. Clapp, Assistant Forester in dtmge.

Forest Investigations.

Raphael Zon, Chief.

S. T. Dana, Assistant Chief.

DISTRICT 5.

CoERT DuBois, District Forester.

T. D. WooDBUEY, Chief of Silviculture.



UNITED STATES DEPARTMENT OF AGRICULTURE

BULLETIN No. 427

Contribution from the Bureau of Entomology

L. O. HOWARD, Chief

Washington, D. C. PROFESSIONAL PAPER February 6, 1917

THE POTATO TUBER MOTH

By

J. E. GRAF, Entomological Assistant, Truck Crop and

Stored Product Insect Investigations

CONTENTS

Historical 1

Distribution 2

Possible Origin 3

Nature of Injury 4

Economic Importance 6

Classification and Synonymy 9

Description
,

9

Food Plants 14

Life History and Habits 15

Natural Enemies and Checks .... 32

Artificial Control 48

Summary 51

Bibliography . .' . 62

WASHINGTON
GOVERNMENT PRINTING OFFICE

1917





UNITED STATES DEPARTMENT OF AGRICULTURE

BULLETIN No. 428

Contribution from the Bureau of Plant Industry

WM. A. TAYLOR, Chief

Washington, D. C. PROFESSIONAL PAPER January 9, 1917

MEDICAGO FALCATA
A YELLOW-FLOWERED ALFALFA

By

R. A. OAKLEY, Agronomist, and SAMUEL GARVER
Scientific Assistant, Office of Forage-Crop

Investigations

CONTENTS

Introduction

introduction of Medicago falcata into the

United States

Natural Distribution

Climatic and Soil Requirements ....
Botanical History

Botanical Description and Relationship

Agricultural History 33

Page

1

2

5

7

8

13

Agronomic Characteristics 35

Cultural Investigations 51

Possibiliilcs in Selection and Hybridiza-

tion 66

Present Agronomic Status 61

Summary 63

Literature Cited 67

WASHINGTON
GOVERNMENT PRINTING OFFICE

1317





UNITED STATES DEPARTMENT OF AGRICULTURE

BULLETIN No. 429

ContribuUon from the Bureau of Entomology

L, O. HOWARD, Chief

Washington, D. C. PROFESSIONAL PAPER February 28, 1917

LIFE HISTORY OF THE CODLING MOTH
IN THE PECOS VALLEY

NEW MEXICO
By

A. L. QUAINTANCE, Entomologist in Charge of Deciduous

Fruit Insect Investigations, and E. W. GEYER,
Scientific Assistant

CONTENTS
Page

Introduction 1

Definition of Terms Used 2

Seasonal-History Studies of 1312 ... 3

The Spring Brood 3

The First Generation 6

The Second Generation 13

The Third Generation 25

Seasonal History ofthe Codling Moth
During 1>12 31

Band-Record Larvse of 1912 ... 32

Seasonal-History Studies of 1913 ... 34

Source of Rearing Material .... 34

Method of Procedure 35

Page

Seasonal-History Studies of 1913—Con. ^

The Spring Brood 36

The First Generation 42

Egg Deposition by Individual Moths 50

The Second Generation 5S

The Third Generation 68

The Fourth Generation 78

Miscellaneous Emergence ofMoths . 79

Band Records of 1S13 80

Seasonal History of the Codling Moth
During 1913 87

Summary 87

WASHINGTON
GOVERNMENT PRINTING OFFICE

1917





UNITED STATES DEPARTMENT OF AGRICULTURE

BULLETIN No. 430

Contribution from the Bureau of Plant Industry

WM. A. TAYLOR, Chief

Washington, D. C. October 28, 1916

CEREAL EXPERIMENTS ON THE
CHEYENNE EXPERIMENT FARM

ARCHER, WYO.

By

JENKIN W. JONES, Scientific Assistant

Office of Cereal Investigations

[In cooperation with the Wyoming State Board of Farm Commissioners]

CONTENTS
Page

Introduction 1

Description of the District 2

Cheyenne Experiment Farm 8

Experiments with Wheat 12

Experiments with Emmer and Spelt . . 25

Ezperimenta with Oats • 26

Experiments with Barley 30

Experiments with Flax 33

Experiments with Minor Grain Crops . 36

Summary 38

WASHINGTON
GOVERNMENT PRINTING OFFICE

1916





UNITED STATES DEPARTMENT OF AGRICULTURE

BULLETIN No. 431

Contribotion from the Borean of Entomoloify

L. O. HOWABD, Chief

Washington, D. C. PROFESSIONAL PAPER Febraary 9, 1917

SACBROOD

By

G. F.WHITE
Expert, Engaged in the Investigation of Bee Diseases

CONTENTS
Page

InlitMluclton • • ~« '•-•'v»^« • • • • 1
Historical Account 2
Name of the Disease 4
Appearance of Healthy Brood at the Age

at Whichit DiesofSacbrood .... 6
Symptoms of Sacbrood 10
Cause of Sacbrood 24
Weakening Effect of Sacbrood Upon a
Colony 30

Amount of Tiraa Beqoired to Produce
the Disease, and the Bapidlty of its
Increase 31

Methods Used in Maldng Experimental
Icoculations 32

Means for the Destruction of the Virus of
Sacbrood 34

Heating Required to Destroy Sacbrood
Virus When Suspended in Water . . 34

Heating Required to Destroy Sacbrood
Vims When Suspended in Glycerine . 35

Heating Required to Destroy Sacbrood
Vims When Suspended in Honey . . 36

Resistance of Sacbrood Vlma to Drying
ai Room Temperature 37

Page

Besfstance of Sacbrood Virus to XHrect
Sunlight When Dry 38

Resistance of Sacbrood Vims to Direct
Sunlight When Suspended in Water . 39

Resistance of Sacbrood Vims to Direct
Sunlight When Suspended in Honey .

Length of Time that Sacbrood Virus Be>
mains Virulent in Honey 40

Besistance of Sacbrood Virus to thePres*
ence of Fermentative Processes ... 41

Besistance of Sacbrood Vims to Fer-
mentation in Diluted Honey at Out-
door Temperature 42

Besistance of Sacbrood Vims to the Pres-
ence of Putrefactive Processes ...

Besistance of Sacbrood Vims to Carbolic
Acid 44

Modes of Transmission of Sacbrood . . 46
Diagnosis of Sacbrood 48
Prognosis 49
Relation ofThese Studies to the Treat-
ment of Sacbrood . SO

Summary and Conclnstona...... 62
Utatatore Cited 5S

40

43

WASHINGTON
GOVERNMENT PRINTING OFFICE

1917





UNITED STATES DEPARTMENT OF AGRICULTURE

BULLETIN No. 433

Contribution from the Bureau of Animal Industry

A. D. MELVIN, Cliief

Washington, D. C. PROFESSIONAL PAPER February 15, 1917

CHANGES IN FRESH BEEF DURING
COLD STORAGE ABOVE FREEZING

By

RALPH HOAGLAND, CHARLES N. McBRYDE, and

WILMER C. POWICK, of the Biochemic Dmsion

CONTENTS

Hygienic Value of Cold Storage .... 1

Commercial Practices In the Cold Storage

of Fresh Beef 2

Previous Investigations on Cold Storage

of Meats 5

PuHMse and Plan of Present Investiga-

tion . 7

Autolysis Experiments 8

Cold-Storage Experiments with Fresh

Beef 23

Effects of Cold Storage upon the Nutri-

tive Value of the Beef 95

Factors Affecting the Time tliat Fresh

Beef can l>e Stored at Temperatures

Above Freezing 97

General Summary 99

References to Literature . 100

WASHINGTON
GOVERNMENT PRINTING OFFICE

191T





UNITED STATES DEPARTMENT OF AGRICULTURE

BULLETIN No. 440

Contribution from the Forest Service

HENRY S. GRAVES, Forester

Washington, D. C. PROFESSIONAL PAPER March 8, 1917

LUMBERING IN THE
SUGAR AND YELLOW PINE REGION

OF CALIFORNIA

By

SWIFT BERRY, Forest Examiner

CONTENTS
Page

Part I. Introduction 1

The Region 1

The Forest 2

Types of Operations 4

Labor 5

Camps 8

Factors Affecting the Cut ... 10

Part IL Logging 13

Preparing Logs for Transport . . 13

From Stump to Yard 18

From Yard to Landing .... 34

From Landing to Mill 41

Woods Supervision 64

Page

Part m. Manufacture 65

Mill pond 65

Sawmills 67

Sawmill Lumber Yards .... 80

Transportation to Common Car-

riers 86

Part IV. General Cost Factors . . . 92

Overhead Charges 92

Depreciation 95

Summary of the Costs of Typical

Operations 96

WASHINGTON
GOVERNMKNT PRINTING OFFICE

1917





UNITED STATES DEPARTMENT OF AGRICULTURE

BULLETIN No. 445

Contribution from the Bureau of Plant Industry

WM. A. TAYLOR, Chief

Washington, D. C. February 10, 1917

THE NAVEL ORANGE OF BAHIA
WITH NOTES ON SOME LITTLE-KNOWN

BRAZILIAN FRUITS

By

P. H. DORSETT, A. D. SHAMEL, and WILSON POPENOE
Agricultural Explorers, Office of Foreign Seed

and Plant Introduction

CONTENTS
Page

Introduction 1

Origin and History of the Navel Orange
of Bahia 1

Introduction of the Washington Navel
Orange of Bahia into the United States 4

Culture of the Navel Orange in Bahia . . 7

Citrus Fruits of Bahia Other than the

Navel Orange 15

Page
Citrus Fruits of the Region around Rio de

Janeiro 16

Miscellaneous Fruits Grown at Bahia . . 17

Some Interesting Fruits of Rio de Janeiro

and Vicinity 25

Fruits Qf the Highlands and Semiarid

Regions of Minas Geraes and Bahia . 31

WASHINGTON
GOVERNMENT PRINTING OFFICE

1917





UNITED STATES DEPARTMENT OF AGRICULTURE

BULLETIN No. 448

Contribntion from the Bureau of Chemistry

CARL L. ALSBERG, Chief

Washington, D, C. PROFESSIONAL PAPER February 15, 1917

SEPARATION AND IDENTIFICATION OF FOOD
COLORING SUBSTANCES

By

Wc E. MATHEWSON, Assistant Chemist

CONTENTS
Page

Introduction 1

General Statements Concerning Re-
agents Used in Color Analysis .... 2

Preliminary Treatment of Food Products 4

Separation and Purification of Coloring

Substances 8

Identification of Coloring Substances . . 35

WASHINGTON
GOVERNMENT PRINTING OFFICE

1917

















^^ s^

%' ^

^."M^




