















































CEREALS.

THE PRODUCTION OF WHEAT IN THE TROPICS.
By A. E. HuMPHRIES.

Past President of the National Association of British and
Irish Millers.

THE quantity of wheat produced in tropical countries
is relatively unimportant. In some it is indigenous, and
in those cases interest centres on the efforts of scientists
to supplement the empirical knowledge acquired by many
generations of growers; in others it is exotic, and the
story of the difficulties encountered, the efforts made, and
the success achieved in introducing and adapting wheat
to entirely new environments is full of interest.

Wheat flourishes in temperate climes, and is regarded
as a most important product of the temperate zones,
but it must not be forgotten that temperate climes exist
also in the tropics; altitude may be as important as
latitude, so we find that an appreciable quantity is already
produced there. Let me briefly review the position from
that point of view.

America.—Although Mexico does not produce enough
for her own requirements, she does, nevertheless, grow
about 2,000,000 quarters per annum, almost entirely in
the torrid zone, but on the central tableland, at an
altitude of 6,000 to 10,000 ft.

The Central American States produce moderate quan-
tities of wheat, though not enough for their own require-
ments, and comprise districts in which the climate and
soil are favourable to wheat production. Indeed, it is
said that in the provinces of Copan and Intibuca, in
Honduras, and on the highlands of Guatemala, the
conditions are favourable, or very favourable, for that
purpose. ]
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The West Indies appear to depend wholly on outside
sources for their cereal supplies.

In Venezuela the production of wheat is very small,
but ‘‘fine crops’’ are produced in the high tablelands
and valleys of the mountainous districts of Western
Venezuela.

In Colombia, Peru, and Bolivia a small quantity of
wheat is produced, quite insufficient for local demands;
but Ecuador, situated though it is on the Equator, pro-
duces enough for its own requirements, and in some years
exports small quantities to Peru.

An encyclopaedia says that wheat is grown in Guiana,
but I have never seen a reference to it in corn trade
literature.

Brazil has an experimental farm at Victoria Espiritu
Santos, and has succeeded in growing there annually a
small quantity of wheat, but the results up to now appear
to be poor. Wheat has been grown in Minas Geraes.
Other experiments have been made, and some are now
being made near San Paulo, but, substantially, no wheat
is produced in tropical Brazil. A little is grown in the
State of Rio Grande do Sul, but that is in the temperate
zone. Large quantities of wheat are imported into Brazil
from the Argentine.

Sudan.—In recent years a good deal of attention has
been given to wheat growing in the Sudan, and T will
later on refer in some detail to the results obtained, but
at this juncture all I need say is that substantial quantities
are being produced in the province of Dongola, and that
in 1912-13 the total area under wheat in the Sudan was
returned as 30,000 acres.

Abyssinia.—In Abyssinia wheat appears to have been
for a long time one of the staple crops, and bread one
of the regular articles of diet. Wheat can be grown at
low altitudes as well as on the higher lands; but, so far
as I am aware, no attempt has been made to state in
figures the quantity produced in the country, none is
exported, and small quantities of wheat and wheaten
flour are imported. To me the most interesting point
concerning Abyssinian wheat is the existence of a purple
skinned variety. It is used especially in the manufacture
of a bread known as Dabo, which resembles rye bread.
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British East Africa.—1I have not seen any figures giving
the total quantity of wheat produced in the East African
Protectorate and Uganda, but a report on agricultural
matters says that 3,000 to 4,000 acres were sown in one
recent season on the ‘‘plains of Njoro.”” The natives
appear to prefer maize, beans, millet, sesame, sweet and
English potatoes, yams, bananas, etc., all of which can
readily be grown in the country. White people want
wheaten products, and there is a large demand for them,
but Mr. Macdonald, the Director of Agriculture, E.A.P.,
in a letter which I have received from him, says that
‘“ with the better control of stock diseases, cattle raising,
dairying, and pig breeding are being given more atten-
tion than in the past, and are likely to become more
important branches of farming than wheat growing.”
However, certain varieties of wheat appear to thrive on
the highlands of the interior, and I will refer to the matter
later on.

Belgian Congo.—I have seen some interesting records
of wheat growing in the Katanga district of the Belgian
Congo, but the quantity produced appears to be very
small.

Rhodesia.—The white man needs wheaten products,
and the natives ‘“ who have come in contact with
civilization prefer wheaten or Boer-meal bread to their
ordinary diet, while Cape boys and natives of a more
advanced type from the South African Union, and
employed in Rhodesia as transport drivers, usually receive
a daily ration of unsifted wheat meal (Boer meal), which
they make into bread. There thus already exists in
Rhodesia a considerable demand for wheaten products,
but this is mainly met by the importation of flour from
Canada and Australia, and Boer meal grown in the South
African Union .7 ““ There is no variety of wheat
indigenous to Rhodesia, or, indeed, to any other part of
South Africa, nor is the crop ever grown by the Rhodesian
natives,”” but a great deal of experimental work has been
done by the Rhodesian Department of Agriculture, and
the results obtained indicate that Rhodesia in time will
produce enough wheat to satisfy its own requirements,
and be able to export some into the Belgian Congo State.
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Madagascar.—Small quantities of wheat have been
produced on the higher lands in the interior of
Madagascar, and flour of good quality has been produced
from it, but difficulties in transport and the lack of a
market for the by-products of milling prevent the profit-
able production of wheat, and the flour required is
imported from France.

India.—The man in the street probably regards India
as a tropical country, but only a moderate proportion cf
her wheat crop is grown actually in the tropics. The
wheat-growing districts of Bengal are situated in the
north of that province, and are, therefore, not in the
tropics. Excluding Bengal, Central India and Sind,
and the great wheat fields north of those provinces, I
find that about 6,000,000 of India’s 30,000,000 acres, or,
say, 20 per cent. of the whole area under wheat, is within
the tropics. The total crop of India is about 45,000,000
quarters per annum, and of that quantity about 6,000,000
quarters are produced actually within the tropics. The
vield per acre for the whole of India is about 12 bushels,
and for tropical India about 6} bushels per acre. The
smaller crop in the latter may be largely due to the fact
that the great and beneficent work of irrigation is per-
formed principally north of Cancer, but to some extent
it is due to the fact that in tropical India the wheat has
specially little time to tiller. Burma has about 40,000
acres under wheat. The advent of British troops seems
to have been the immediate reason for the introduction
of the white man’s cereal into that country.

Australia.—I shall be referring later on to investigations
which have recently been made into the possibilities of
tropical Australia (Northern Queensland, Northern Terri-
tory, and Northern West Australia) as producers of
wheat, but at this juncture I may dismiss them with the
remark that substantially no wheat is produced there.
The Commonwealth Year-book says there were 2 acres
under wheat in the Northern Territory in 1911-12.

For the purposes of the foregoing summary I have
searched a good deal of literature, but beyond mention
of the facts that some wheat is grown in Nigeria and
German South-West Africa, I have seen nothing calling
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for recital herein concerning the parts of tropical Africa
to which I have not referred.

I wish now to direct your attention specially to the
work concerning wheat accomplished and progressing in
Rhodesia, British East Africa and tropical Australia,
where it is exotic, and in India and the Sudan, where it
is indigenous.

RuoDESsIA.

The distinction I have drawn between the countries
where wheat is exotic and indigenous is important.
Empirical information, if it be derived from sufhciently
long experience, is valuable. A modern investigator
may encounter great difficulty in convincing growers of
indigenous piants that their methods are capable of
improvement, but he does at least start his work as to
possibilities upon a basis of results already obtained,
whereas the introducer of an exotic has little or nothing
to guide him in his operations. This was the case in
Rhodesia. Until quite recently no one had grown wheat
there.

Starting apparently on the assumption that it was likely
to be a summer crop, it was grown during the rainy
season (October to April), but the attempts were rendered
unsuccessful by rust. Thus it came to be regarded as a
crop for the dry winter months (May to September), and
irrigation seemed to be essential. The next stage was
the discovery of the fact that considerable areas of low-
lying land, particularly in the granite formation, retained
sufficient moisture throughout the winter months for the
growing of winter crops without irrigation, so it is being
grown as a winter crop both under irrigation and as an
unirrigated crop on moisture-retaining soils. Even so,
however, the production is still far below the require-
ments of the country, and the Department of Agriculture
has, therefore, devoted much attention to the creation
of rust-resistant varieties which can be grown during the
rainy season and be rotated with maize. It is very
interesting to note that, although several varieties, in-
cluding Medeah, Belaturka, and Zwaartbaard, {failed
entirely owing to rust, some varieties were found which
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behaved satisfactorily. The Report of the Government
Agriculturist and Botanist for the year 1912 contains the
following reference to wheat: ‘‘The great problem

is the prevalence of rust, and the attempt to
solve this by the creation of hybrids has yielded promising
results. Fifteen cross-bred strains of wheat, of which
in most cases a variety known as Victoria was one of the
parents, were grown as summer crops, and were resistant
to rust and yielded well. . . . The grain of the hybrid
shows a great improvement in quality as compared with
that of Victoria wheat, and several strains promise greater
rust resistance. . . . In all fifty-two different strains
of wheat were under trial.”” Last month I received
information that most satisfactory progress has been
made with this work, and that ‘‘the Department pos-
sesses several varieties which have been grown success-
fully as summer crops for the last three to five years.”
I am indebted to Dr. Eric Nobbs, the Director of
Agriculture, and to Mr. Godfrey Mundy, the Govern-
ment Agriculturist and Botanist, for the information
upon which my remarks are founded, and the former
includes a memorandum he kindly sent me as follows:
‘“ There thus appear reasonably good prospects of summer
wheat becoming a staple Rhodesian crop in the not-
distant future, and if this can be achieved the country will
well be able to supply its own needs in regard to wheaten
products.

‘“The type of wheat found most suitable to Rhodesia
is the common wheat (Triticum sativum), but European
varieties have not been successful. Durum wheats have
been discarded, and quick maturing varieties alone are
now being grown.

‘“Rust and smut are the only diseases by which the
crop is as yet attacked.

‘“The average yield under present methods of farming,
and whether as a summer or a winter crop, is about 14
to 15 bushels per acre.”

As a commercial proposition wheat has had to compete
principally with oat-hay and maize. The latter is the
standard summer crop, and has predominated to such an
extent that Southern Rhodesia was described a few years
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ago as ‘‘ practically a one crop country.” Now, owing
to the success of scientific work, wheat growing has
advanced in Rhodesia from the category of possibilities
to that of probabilities.

Britisu EasT AFRICA.

A good deal of experimental work has been done with
wheat. In one year 200 different varieties were tested
at one experimental station, the Kabete Government
Farm. Experiments have also been made at other
centres, and in this way information has been gained as
to the districts which are suitable for wheat growing,
and as to the varieties which do well in them. For
instance, the loose friable soils of the highlands appear
to be more adapted to the raising of barley than of wheat.
Where the latter has often failed to produce a yield
through the ravages of rust, barley has given good
returns.

Even in those districts where wheat is likely to be
grown most of the varieties tried have been found to be
useless, or relatively unfit, killed or damaged by rust.
But there are notable exceptions. For instance, Rieti,
grown on a fairly large scale, has for several successive
seasons proved itself to be a fair yielder and only
moderately susceptible to rust. Its disadvantages are
that its straw is weak and does not stand up well, its ears
are bearded and very lax, and the flour it yields is not
highly esteemed. Bobs yields more grain per acre, and
it is of superior quality; Gluyas, when first introduced,
also did well, but both these Australian varieties have
since become most susceptible to the attacks of rust, and
cannot now be relied upon. Federation Thew and an
Egyptian wheat also appear in the category of apparently
satisfactory varieties, but Durums were very susceptible
to rust, and some Indian and North Russian wheats tried
failed to give satisfaction.

In view of such results hybridizing and Mendelian
selection were adopted, and the results so far recorded
are most interesting and satisfactory.

At the outset of such work it was thought that only
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two forms of rust occurred in the country, viz., black rust
(Puccinia graminis) and yellow rust (£. glumarum). Mr.
Evans, the Government Botanist, having noted that
certain varieties were susceptible to one of these rusts,
and apparently immune or highly resistant to the other,
proceeded to make crosses in the hope and expectation
that among the progeny he would find one or more forms
immune or highly resistant to both. It is recorded at a
later stage that orange rust (P. triticina) has been found,
and Mr. Evans proposes to proceed on the same lines
to seek for a variety which is immune to all three. I need
hardly say that the work will command a great amount
of interest and sincere hopes for success. Up to now 1
have seen no announcement of the complete story, but
in the Annual Report for 1912 of the Department of
Agriculture, British East Africa, it is recorded that some
of the new types produced by hybridizing and selection
have for the past two generations resisted the ‘‘black
stem rust”’ (P. graminis), the worst fungoid enemy to
wheat in the country. A most encouraging result. I
note in this connection that rust has been known to
appear in wheat grown for the first time on virgin soil
when no other wheat was growing within a thousand
miles of it.

Other wheat pests have been encountered, e.g., green
fly (Toxoptera graminuwm) and two species of beetle
(Phrynocolus crispatus, Fairm., and Gonocephalum con-
tractum, Gerst.), but the outstanding fact is that good
yields, ranging from 20 to 36 bushels per acre, have been
obtained.

There are two distinct rainy seasons in the country, and
it is possible to obtain two crops of wheat in one year.

For instance, Rieti was sown in May, 1905, and
harvested in the following September. It was then sown
again at the same station, and harvested in March, 1906.
I have seen other records showing the possibility of
getting two crops in twelve or fourteen months; the one
T have used shows they have been secured within ten or
eleven months. This rapidity of reproduction is very
useful to the breeder, but it does not appear to be good
for commercial purposes. A constant succession of wheat
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crops appears to encourage pests, and a rotation of crops
is recommended. One that is being tested is maize,
wheat, beans, linseed.

Manurial tests are being made, and, in spite of the
apparent richness of the soil, an application of dung or
compost seems to give greatly increased yields. The
addition of phosphatic manure has a wholly beneficial
effect on the wheat crop, for it strengthens the straw
and renders it less liable to rust. No doubt the trials
will be repeated on rust-resistant varieties.

The environments required for successful commercial
production are large, slightly undulating, open spaces at
a considerable altitude where implements and machinery
can be used to advantage. These are found near Njoro.
Already some thousands of acres are producing wheat in
that neighbourhood, and the employment of the modern
machinery now available makes it possible to produce a
crop at a low cost and without the employment of many
farm hands. One of the Reports I have read says:
““The impetus given by wheat growers in the Njoro
district and the probable profits should induce others in
the vicinity to take up wheat growing, and it is probable
that the whole district between Njoro and Naivasha may
in the near future be under this cereal. The vast plains
stretching from Machakos to Nairobi, especially con-
sidering the flatness of the land and its freedom from
timber, offer every facility for growing wheat on a large
scale.”

TROPICAL AUSTRALIA.

Queensland.—From publications which the Official
Secretary to the High Commissioner for Australia has
sent me, I find that the 100,000 acres under wheat in
Queensland are situated wholly in the temperate zone,
and I may add in passing that only about 16 per cent. of
the total area under cultivation in that State is situated
in the tropics. 1 would also like to add that at the State
Farm, Roma, which is about 200 miles south of Capricorn,
Campbell’s system of dry soil farming has been tried, and
that in a dry season on land so treated about 19 bushels
of wheat per acre had been obtained. The manager
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records that the rainfall in the four months, May, June,
July, and August, which covers the period from sowing
to earing, was 1'535 in., and that from the end of August
till October, when the crop was harvested, it was 218 in.
Detailed figures as to soil moisture are also recorded.
For the four months the average figures for the top 6 in.
are: Ordinary cultivation, 6'75 per cent.; Campbell’s
farming, 10'07 per cent.; for the following six weeks the
figures are 9'83 and 1461 per cent. respectively. The
records I have seen do not say what yield was obtained
from the same variety grown by ordinary methods, but
the manager writes as follows: ‘‘So far the results do
not point in favour of the Campbell’s system as advocated,
as the annual yields have been equal to, and in some
instances better, than the biennial yields off the Campbell
block for half the labour expended in preparation.” The
verdict so far appears to be unfavourable, but I have
thought it desirable to mention the record, because it is
the first I have seen referring to such tests made almost
within the tropics, and labour in some parts of them is
cheap.

Northern Territory.—Mr. F. B. Guthrie, of Sydney,
from whom at intervals I receive appreciated letters, tells
me that the late Director of Agriculture for New South
Wales, who recently returned from a trip in the Northern
Territory, found (1) that a ‘“ Swedish farmer ninety miles
inland from Port Darwin obtained some seed from India,
and got good grain on light sandy soil and without rain
for six months.

‘“(2) That he saw some wheats grown on the Roper
River about 300 miles further inland, results satisfactory,
but only experimental.

““(3) That he considers there is plenty of good wheat
land in the Territory, especially further south in the
Barkley Tablelands.”

Western Australia.—The Commissioner for Tropical
Agriculture, Mr. A. Despeissis, made in 1909 and 1910
an overland tour through tropical Australia to examine
at first hand the conditions prevailing there. He writes
that ‘“ wheat promises in an average season to be a profit-
able crop as far north as the Gascoyne, and sheaves of
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wheat I have brought back from gardens along that river
stood 4 ft. high, grown without irrigation. Sown on
carefully prepared fallow, it should in a fair season yield
a heavy crop of grain. The problem of extending our
wheat fields as far as the Gascoyne is one deserving
serious attention. I entertain no doubt whatever that
the prospect is a sound one, as far at least as Hamelin
Pool and Sharks Bay, provided wheat growing is com-
bined with sheep grazing. In a bad season the sheep
could be turned into the failing crops, while, on the other
hand, in unfavourable years yields as good as, if not
superior to, those obtained in the most favoured localities
of our wheat areas would be secured.”” I ought to point
out that the Gascoyne is almost but not quite in the
tropics.

There is an ‘‘ immense area of rich land ’’ situated in
these drier zones, and the discovery or production by
hybridizing of varieties of wheat which will thrive on a
very small rainfall would enormously increase the output
of Western Australian wheat, and very appreciably
increase the quantity available for the importing coun-
tries.

‘

INDIA.

Most valuable literature has been published concerning
the production of wheat in India, therefore I need only
deal with the more recent work accomplished in that
country, and emphasize a few points which are in my
opinion specially important.

Wheat growing appears to be one of India’s ancient
industries, and the indigenous varieties have character-
istics specially their own. In most countries wheat is
matured and harvested in a period of decreasing tem-
perature; in India those stages are passed in a time of
rapidly increasing temperatures, and most varieties of
great repute and value elsewhere are useless there.
Should wheat grow slowly and the stage of grain forma-
tion be two or three weeks late, the plant will probably
shrivel and be fruitless. For instance, Canadian Red
Fife, which grows rapidly in England and Canada, is
useless to Indian farmers, because it does not grow
rapidly enough there.
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Wheat straw in most countries is used for litter or is
useless, but in India it has to become, as bhusa (chaff),
food for cattle. Hybridizers in many countries might do
worse than use some Indian varieties in an attempt to
impart to their wheats a straw which can be freely used
as cattle food, but it must not be forgotten that varieties
of great value in India may be useless elsewhere. And
the converse is true, for we find Howard saying that
‘“the introduction of exotic wheats into India has been
a long record of failure.”” Indeed, one is driven to the
conclusion that in countries where wheat has been grown
for centuries it is wise to esteem highly the empirical
knowledge acquired by generations of growers, and to
be slow in discarding existing methods of cultivation.
European methods have been tried in India and discarded;
it has been found, on most points of agricultural practice,
better to supplement and adapt rather than to discard
native customs in this connection.

These considerations have a bearing on the choice of
varieties. Ifor instance, threshing can best be done by
bullocks; the wheat must therefore be allowed to become
fully ripe, and as a consequence varieties are specially
wanted which will hold their grain with a minimum of
shedding when dead ripe. Nor must the breeder, in
attempting to stiffen the straw, overlook the fact that it
has to become food for cattle. Again, dung is used as
fuel; but in India nitrogen is a ‘‘ limiting factor’ as to
yield, and farmyard manure appears to be the best
fertilizer which can be added to the soil; so the problem
on this point is to find a substitute for dung as fuel. The
native, however, discovered long ago that leguminous
plants acted as fertilizers, and it is a common practice
to grow leguminous plants in rotation or actually mixed
with wheat itself. In the Narbada Valley, situated in
the tropics, it is customary to grow wheat year after year
without rotation, manure, or irrigation, but the natives
almost invariably mix a proportion of gram with the
wheat, and the soil appears to be more fertile now than
it was in 1864. Even the leguminous weeds which grow
freely in the wheat fields of the Punjab are credited with
improving the crops by means of the nitrogen which they
add to the soil.
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At this point one of the very latest scientific discoveries
comes in. The native usually allows his land to remain
unploughed for a considerable time after the wheat has
been removed, but it was noted at Pusa that if the soil
were ploughed soon after harvest and exposed to the sun
and wind during the intensely dry, hot weather of April,
May, and June an astonishing effect was produced on the
succeeding wheat crop, which appeared to have been
manured with some nitrogenous fertilizer. The key to
this riddle was subsequently supplied by Rothamsted.
Apparently the sun in India supplies sufficient heat to kill
off or diminish harmful soil organisms, and in that way
adds to the supply of available nitrogen. One wonders
to what extent the growers and consumers of wheat can
benefit by this application of modern science—in other
words, to what extent can sunshine replace the dung cart
in hot countries. Does it provide one explanation for the
benefits of fallowing in temperate climes? Be that as it
may, the variation of native practice as to the time of
ploughing led at Pusa to a notable increase in the follow-
ing crops.

In India, and especially tropical India, the rust problem
is of the greatest importance. In 1896 Watt estimated
the annual loss from rust in India at upwards of 10 per
cent. It varies from season to season, and is much
greater in some districts than in others. For instance,
‘“ the damage done in the great wheat-growing tracts of
the North-West is generally slight, while in Bombay, the
Central Provinces, and in parts of the United Provinces
and Bengal the crop may be reduced 50 per cent. or even
more.”” Nor is the prevalence of rust a modern occur-
rence, for in 1839 Sleeman, referring to rust in the
tropical Central Provinces, wrote: ‘1 have seen rich
sheets of uninterrupted wheat cultivation for twenty miles
by ten in the valley of the Narbada so entirely destroyed
by this disease that the people would not go to the cost
of gathering one field in four,”” and further: ‘‘ I believe
that the total amount of the wheat gathered in the harvest
of 1827 in the district of Jubbulpore was not equal to the
total quantity of seed that had been sown.”

I need not go on piling up evidence of the harm done
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by rust. IEverywhere it is the enemy, and more than
usually dangerous in tropical India. Nor have I the time
or inclination to review the botanical side of the rust
problem. At one time I felt inclined to draw a moral
from what I had read concerning it, but discretion came
with increased knowledge, and I will leave the botany
of rust to specialists, including the physiological problems
concerned with it. I may, however, refer to the latest
work done in India to combat this pest. The first stage
in the most modern attack on this enemy was to sort
out the native varieties and note with precision how each
was affected by rust in a succession of seasons. Working
in the Central Provinces, G. Evans, of Hoshangabad,
noted that some of the varieties commonly grown in that
part of the tropics, such as White Pissi and Jalalia, were
very susceptible to rust, whereas some little known
varieties, such as Soharia. were highly resistant. The
Howards, further north, not only sorted out the native
wheats, but introduced some kinds which had in Europe
been found to be immune or highly resistant to rust, such
as Einkorm, Emmer, and a variety known in England as
American Club, found at Weybridge growing in a plot
raised from seed taken from a commercial grade of United
States wheat. These wheats were grown with a measure
of success, and crosses were made at Lyallpur between
several varieties of Emmer and some native wheats which,
apart from rust, were otherwise desirable. But the
Howards went still further. They found when crosses
between these exotics and native wheats had been made
that the progeny of the first generation did not thrive
in India, so they enlisted the help of Professor Biffen, and
in 1910 crosses were made at Cambridge between the rust-
resistant wheat and some Indian varieties. This arrange-
ment worked successfully, and the progeny sent to India
after the F, stage (first generation) had been passed
have thrived in India. I need not recite to this audience
the methods and principles of hybridizing and Mendelian
selection. Suffice it to say, that selected strains found
in the progeny of the crosses have inherited and retained,
when propagated in India, the desired characteristic of
rust resistance; and the Imperial Economic Botanist, in
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his last published Report, after mentioning that two series
of these hybrids were then in the fourth generation, says
that it *‘ is by far the most promising material yet obtained
at Pusa, and it is more than probable that the strong
straw, rust resistance, and general vigour and hardiness
of the English parent has been, as it were, introduced
into Indian wheat.”” That immunity and susceptibility
to rust is a Mendelian unit, and that by the application
of Mendelism the rust problem is likely to be solved seems
to me one of the most important discoveries of modern
times, and I am exceedingly pleased that the first public
announcement of it was made at a meeting of British and
Irish millers over which I had the honour of presiding.

Another important application of Mendelism concerns
the milling and baking qualities of wheat. The theory
is that ‘' quality of endosperm’ can be handled in
hybridizing as a separate Mendelian unit, and therefore
can be transmitted from an otherwise undesirable parent
to an otherwise highly desirable child. Of course, I
know that the theory has been attacked; but India,
including tropical India, has provided the best proof on
a large scale of its soundness. The theory was first
enunciated in England, and was first applied to English
wheat, but India has achieved a great and important
result in applying this point more rapidly than we have
been able to do at home. The reason for that is interest-
ing. To obtain new varieties possessing the quality of
endosperm we desire in England, one of the parents has
to be an exotic wheat, and we do not know until it has
been grown for several or many successive seasons how
it will behave in its new environment, or whether the
variety itself is homogeneous as to ‘‘quality of endo-
sperm.”” The wheats hitherto exported from India have
good points of milling and baking quality, but on the
whole are relatively inferior according to European or
American standards of excellence. But the Howards
and Leake, in sorting out the botanical jumble of Indian
wheats, found that some indigenous varieties were of
first-class quality, and they proceeded to apply the
Mendelian theory. I have for several successive seasons
tested the parents and the progeny, and I can, without
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the slightest hesitation, say that the new varieties are of
the highest class, much superior to the Indian wheats of
commerce hitherto exported. Up to now the natives for
their own consumption did not like the varieties grown
for export, but the new varieties are acceptable for both
purposes. This is important, seeing that only 15 per
cent. of the Indian wheat crop is exported. Furthermore,
the quality remains first-class when the wheat has been
grown on properly irrigated land. Best of all, the new
varieties give the quietus to the criticism that it is
impossible to combine fine quality and high yielding
capacity in any one variety, for not only is their quality
first-class, but the yields are most satisfactory.

For lack of time I must refer inquirers to official
publications for detailed information concerning various
parts of India, but I must mention the following facts
concerning tropical India. On the black soils of the
Central Provinces the yield per acre very rarely exceeds
600 1b. English, whereas recently yields very greatly in
excess of this have been obtained with the new varieties.
At Tharsa last year, one known as Pusa 7 yielded 1,240 1b.
per acre. The finest Indian wheat I have ever seen was
grown at Raipur in 1911, and other samples grown then
and in other seasons at Tharsa and Hoshangabad are of
first-class quality. I must leave this most interesting
part of my subject by saying that the prospects of
successful wheat production in India have been very
greatly improved in recent years, that the successes
already achieved are substantial, and still greater ones
are in sight.

SUDAN.

The principal food of the Sudanese is dura, and as yet
the natives show no preference for wheat. They eat
wheaten products when for some reason or another the
supply of dura is small. To a very large extent agricul-
tural production in the Sudan depends on irrigation, and
on irrigated estates a three-course rotation is usually
followed: cotton, wheat, and some leguminous crop.
Of these three cotton is regarded as the important
revenue-producing crop, and is preferred to wheat for
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two principal reasons: one, that it can be transported
more easily; the other, that wheat land must be prepared
and sown in November or early December in the begin-
ning or middle of the busy cotton-picking season. *‘ For
such reasons the Sudan Plantations Syndicate, Ltd., who
cultivates 10,000 feddans (about 10,000 acres) in Berber
Province, the largest single block of cultivation in the
Northern Sudan, are abandoning wheat cultivation
entirely, and it is probable that the same thing will happen
in the large area to be brought under the Gezira Irriga-
tion Works.”

However, the recent history of wheat production in the
Sudan is as follows:—

The total area under wheat in 1909-10 was 19,681 feddans
i) LR 1910'11 i1 261972 LR
» ’» 1911-12 ,, 29,193 3
19 LAl 1912'l3 1 30v039 1
a record which shows a substantial and progressive
increase.

The area for 1912-13 was distributed as follows: —

In the Halfa Province ... ... 2,563 feddans
55 Dongola o B o=d ... 16,300 ys
,» Berber sy e .. ... 8550 -
5» Khartoum ,, ... ... 1,366 vy
55  White Nile ,, ... 686 o9
,» Blue Nile ,, ... 217 D

The Director of Agriculture and Forests, to whom I
am indebted for much valuable information, tells me that
wheat cultivation may increase somewhat in the North
on the riverain estates of Khartoum, Berber, Dongola,
and Halfa Provinces, and will certainly do so to some
extent, as the basin irrigation schemes are perfected in
Dongola, but that owing to distance of transport and
the cost of production the important irrigation scheme
south of Khartoum is not likely to lead to an export
trade in wheat. But good crops can be grown there.
For instance, I find in the records mention of yields
ranging from 14 to 38 bushels per acre, the 38 bushel one
produced under irrigation in the Gezira (‘‘ that vast plain .
now to be brought under irrigation in Blue Nile Pro-
vince ”’). Rust and smut frequently occur, ‘‘ but not to

2
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such an extent as to be a serious hindrance.”” Wheat
must be grown under irrigation, either artificial or by the
rise of the Nile in flood. It cannot be grown as a rain
crop, for the rainfall is restricted to the summer months,
when wheat is unable to withstand the extreme heat. In
1909 I made milling and baking tests of six sample lots
of wheats grown in the Sudan. I found some serious
blemishes in them, such as excessive dirt and irregularity
of type, but they possessed good points, and were similar
to the Indian wheats of commerce. I was much interested
in learning subsequently that I had placed at the head of
my list ‘“a sample of the wheat grown all over the
Dongola Province’” by the native cultivators. It was
very far from being true to any one type, but some of the
varieties it comprised must have possessed fine quality
of endosperm, although I suppose they were indigenous.
We see, therefore, from this brief summary of Sudanese
wheat production, that the results are not unfavourable,
and that under certain conditions wheat may become a
much more important crop than it is at present or that it
is likely to be in the near future. The Government of
the country appears to have these possibilities in mind,
and is carrying on much experimental work.

(GENERAL.

When I began to prepare this paper I was afraid lest
it would be profitless and uninteresting to all concerned,
a case of ‘‘trying to make bricks without straw,” for
corn trade literature is, apart from India, almost silent
concerning the ‘‘ Production of Wheat in the Tropics.”
But as I searched through much literature, a work in
which I was greatly assisted by Dr. Henry and other
officials of the Imperial Institute, and received the replies
to my inquiries from the authorities whose names I have
mentioned in the course of this paper, I began to realize
that, in fact, my subject was interesting, and that its poten-
tialities are important. From time to time we are told
that the world will soon be producing an insufficient
supply of wheat. In one celebrated case the fear was
stated to be immediately allayed by the consideration that
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a large and relatively cheap supply of nitrogenous
fertilizer can be obtained from the atmosphere. Incident-
ally, I have to-day reminded you that scorching sunshine
producing the same effect may also increase the supply
of wheat. We have also seen how in large areas success-
ful wheat production is prevented by rust and other plant
diseases, and I have shown how the scientist appears to
be overcoming this serious hindrance to profitable wheat
production. ILack of moisture is another of these serious
hindrances; and I have indicated how the engineer with
his schemes of irrigation, and the agriculturist by con-
serving soil moisture, and the botanist by providing
varieties which will thrive on an exceedingly small rain-
fall, all have a hand in the work. In short, how, by
providing varieties, each one in the highest degree suitable
for a given environment, and by providing environments
each one optimum for given varieties, wheat growing
may be made more profitable in existing wheat fields, and
possible as a commercial proposition in enormous areas
yet untilled. If the world’s yield per acre were large the
optimist had need be careful in his prophecies; but it is
small, so even the pessimist may prophesy ‘‘ smooth
things ”’ as to the future of wheat production when he
contemplates the work in progress. The problem is not
how to produce a quantity of wheat sufhcient for the
world’s requirements, but how to do it profitably at the
low prices which have been current for years.

I cannot conceive reasons for anxiety in this matter.
An increase of 20 per cent., or even 40 per cent. in the
average yield per acre, may well be brought about by
methods I have indicated; it may become possible to grow
wheat profitably on large new areas at current prices; it
certainly can be done if those prices advance, so that as
regards the production of wheat in the world I am an
optimist, and I invite you all to be so, too, not only on
that point, but also as to the prospects of wheat pro-
duction in the tropics.




RECENT WORX IN AUSTRALIA ON THE IMPROVEMENT
OF WHEAT.

By F. B. Gurarig, F.I.C., F.C.S.

Chemist, Department of Agriculture, New South Wales;
Lecturer in Technology of Commercial Products,
Sydney University.

At the meeting of the International Congress of
Tropical Agriculture, held at Brussels in 1910, two
papers were read dealing with wheat improvement in
Australia, the one entitled ‘“ Work Done in the Testing
of Wheat and Flour in New South Wales,’’ and the other,
““ The Work of the late W. J. Farrer.”

In the present contribution it is proposed to review
shortly the work done in the different States of the
Commonwealth, and particularly during the past four or
five years, towards the improvement of wheat, both by
individual workers and as a result of departmental action.

As was pointed out in the first of the papers re-
ferred to above, the first concerted official action in
the direction of studying and improving locally grown
wheats was made in 18go, when an Interstate Conference
was called to deal specifically with the question of com-
bating rust, which was at that time very prevalent in
all the States. In South Australia alone it was estimated
that the damage due to this cause in 1899 amounted to
£1,500,000.

The result of these Conferences, at which the Agri-
cultural Departments of all the States were represented,
was to give an impetus to the systematic study of the
wheat plant, with the special object of improving the
grain itself, and the methods of soil treatment and crop
production. Wheat-breeding stations were established by
the various State Departments and systematic experi-
ments were carried out at the farms and stations under
Government control, in order to determine the best
varieties for different districts, the most suitable manures,
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the best treatment of the soil, methods of combating
disease, etc. :

Farmers were supplied with seed wheat, pure and true
to name, advised as to their special requirements, and
encouraged to experiment on their own account.

The present paper will be confined to a review of the
work done in the improvement of the grain itself, either
by selection from types already established, or by the
creation of new varieties by cross-fertilization.

CHARACTERISTICS SPECIALLY SOUGHT FOR IN IMPROVED
VARIETIES.

The specific points to which attention has been more
particularly directed in the production of improved types
of wheat have been the following:—

(1) Immunity against rust and other diseases.

(2) Prolificness.

(3) Drought resistance.

(4) Improvement of milling qualities.

(5) Creation of wheats for hay.

(6) Creation of wheats for different districts.

As the conditions of wheat growing in Australia differ
in many material points from those prevailing in other
countries, most of the above terms possess a significance
different from that which attaches to them elsewhere.

It must also be borne in mind that wheats which are
pre-eminent locally on account of special characteristics
are often failures, even as regards such characteristics,
when grown abroad, and vice versd.

The following short notes on the significance of the
above terms as applied to Australian conditions may
assist in a better understanding of the problems which
confront local wheat growers.

Rust Resistance.

The qualities which confer rust resistance locally are
by no means identical with those which are required in
other countries. The disease itself exhibits certain
characteristics which differentiate it from European or
American rusts. Mr. D. McAlpine, Pathologist to the
Department of Agriculture, Victoria, who is the Austra-
lian authority on the subject, finds that of the three kinds
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of rust which attack the wheat plant, namely, Puccinia
graminis, or black rust (summer), P. triticina, or brown
rust (spring), and P. glumarum, or yellow rust (spring),
the only one that is destructive in Australia is P. graminis;
of the others, P. glumarum does not occur in Australia,
and P. triticina does little or no damage.

Mr. McAlpine has further shown that the life history
of the black rust in Australia differs from its life history
in Europe and America. A notable instance is the fact
established by him that the barberry, which is said to
act as intermediary host for this fungus in Europe, does
not function in this capacity in Australia.

Prolificness.

In discussing the question of prolificness it is important
to remember that this term also possesses a significance
very different to that which it has in Europe.

Harvests of fifty to sixty bushels to the acre are
unknown on the Australian continent. The highest
individual yield of which I can find any record as being
obtained from a reasonable area is one of forty-three
bushels given by a new Victorian variety, Common-
wealth (see p. 32).

The average yields per acre in bushels for the past
five harvests in the individual States are as follows:—

1908-9 190Q-10 1910-1T TQII-12 1912-13
New South Wales ... 11°11 ... 1434 ... I3°II ... I0'54 .. 146
Victoria ... wee 1312 ... 1372 .. 1452 .. 0965 .. I12°6
South Australia ... 11°45 ... 1326 ... II'§57 ... 929 .. I0°3
Western Australia ... 863 .. 1248 ... 1014 .. 712 .. 116
Queensland . 1487 ... 1341 ... 938 .. 664 .. 158
Tasmania ... ... 2408 ... 2141 ... 2I'45 ... 1773 .. 250
Commonwealth ... 1189 .. 1373 ... 12'g0 ... 964 .. 1I12°§

It is to be noted that the Australian harvest is gathered
between November and January, so that the figures for
1908-1909 give the harvest of November or December,
1908, and January, 1909, and represent the grain avail-
able for 1909.

Drought Resistance.
The characteristics to be looked for in wheats for dry

districts dre summarized as follows by Mr. McAlpine,
who has made a special and extended study of the wheats
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suitable to the so-called Mallee district of Victoria:
““ They must be early maturing to escape the hot winds,
drought resisting, holding the grain well (since the grain
must be dead ripe for harvesting with the stripper).
They must, in addition, be good milling wheats, prolific,
and fairly rust resistant.”

Milling Quality.

Even with regard to the requirements of a good milling
wheat there is a difference between Australian conditions
and those obtaining elsewhere. In the first place, the
Australian miller produces practically only one grade of
flour—straight grade. Grades such as bakers’, patents,
households, etc., are hardly known, and only a small
proportion of flour is exported. It is true that in the
last few years an export flour trade is establishing itself,
but the trade is not yet sufficiently extensive to modify
existing methods to any extent. Moreover, the Aus-
tralian miller deals only with locally grown wheats which
are fairly uniform in character, so that blending as under-
stood in other countries is unknown.

The only modifications consist in the production of
more or less offal, accordinig to the state of the market.

Consequently the characteristics of a wheat to be accept-
able to the Australian miller are that it shall not differ
greatly from the prevalent type, and that it shall yield
a good quantity of straight grade flour of good colour
and baking quality.

WORK DONE IN THE IMPROVEMENT OF WHEATS IN THE
DIFFERENT STATES.

(1) New Soutn WALES.
Departmental Action.

Wheat experiments are conducted at Cowra (the head-
quarters for wheat breeding), Hawkesbury Agricultural
College (representing the coastal districts), Wagga
(representing the Riverina, the principal wheat producing
district of the State), Bathurst (western Tablelands), Glen
Innes (northern Tablelands), Nyngan and Coonamble
(dry western country), and Yanco (under irrigation).

It will thus be seen that the varying conditions as to
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climate, rainfall, etc., are represented at the different
stations. At these stations the work includes:—

(a) Pedigree plots of the main varieties grown on the
farm.

(6) Cross-bred varieties in course of fixation for local
conditions.

(c) Seed variety trials, including standard varieties,
newly introduced wheats, and samples sent for identifica-
tion.

(d) Stud bulk plots to provide seed for planting the

(e) Farm areas, which in their turn supply seed wheat
to the farmers.

In addition to the above colleges and farms there are
seven or eight more, at all of which (except those specially
established for viticulture, dairying, etc.) wheat growing
is carried on.

At Cowra, where the wheat breeding is carried on
under the direction of Mr. J. T. Pridham (Mr. Farrer’s
successor), the principal work now being done is the
cross-breeding and selection of wheats for special pur-
poses and different districts. Mr. Pridham was an
assistant to Mr. Farrer for three years, and has been in
his present position of plant breeder since 1911.

During the past season he has rejected a large number
of crosses of inferior value, and has paid more attention
to selection from existing crosses than to the creation
of new ones.

Attempts to secure varieties which are immune from
bunt have been discontinued, as it was found that though
highly resistant varieties had been produced, complete
immunity was never secured, and it has been decided to
rely on pickling seed-wheat, which has been found to be
an absolutely reliable preventive. Mr. Pridham is of the
opinion that with systematic selection plots and the use
of clean machinery the farmer will be able to dispense
with even this precaution. The elimination of the above
work has made it possible to extend the area devoted
to selections from cross-breds. Fewer new crosses are
made, but the number of selections from each cross has
been increased.

Selections are also made from field crops, for although
their pedigrees are unknown, they often include useful
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material. These new wheats are presumably the result
of natural cross-fertilization, a phenomenon which Mr.
Pridham thinks occurs more frequently than is generally
supposed.

With regard to drought resistant wheats, several of the
new varieties are extremely promising. It cannot, how-
ever, be said of any of them that they are of such general
value as Federation. Among these Mr. Pridham regards
Sunset as the most promising. It is not, strictly speak-
ing, a new wheat, as it is one of Mr. Farrer’s original
crosses, and had been rejected on account of its low
flour strength. It is, however, likely to prove a very
valuable variety, as it matures very quickly and possesses
other characteristics which render it admirably suited to
dry country conditions. It is being distributed this
season. It is a cross between a sport from Blount’s
Lambrigg and a cross between White Fife and Summer
Club. It is one of the earliest ripening kinds and
amongst the most prolific in dry districts.

Other new wheats which are being distributed this
season are:—

Bomen, one of whose parents is Red Potocka, and the
other a cross-bred wheat containing Fife and Indian
blood. It was first made in 1gor and proved bunt resistant.
It ripens a little later than Federation, is a rather weak
flour, prolific variety with good straw.

Canberra, a cross between Federation and Volga
barley (a two-row sort contained as an impurity in a
sample of wheat received from Russia). Canberra is an
early ripening prolific wheat, its defects being that it is
rather weak in the straw and has a slight tendency to
shell. It yields a high percentage of flour of first-rate
colour and good strength.

Nardoo is another promising' cross containing Fife and
White Naples amongst its parentage. It is a smut
resistant variety and a particularly promising hay wheat,
though good for grain also, yielding a flour of medium
strength.

At the other farms the wheats produced at Cowra are
tested for their suitability for different districts and
grown in the variety trial plots. The ones that prove
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E.—Wheats for further trial.

Variety Period of Sowing | Districts
Cedar * ‘ Early and mid-season I North-western slopes
Sunset * ...| Late ... ...| Western plains
Bomen * .... Mid-season ... .... Central-western slopes ; south-

western slopes and River-
ina ; north-western slopes

Genoa * ...; Early and mid-season ... Northern tableland

Canberra * ...} Mid-season and late ..., Central-western slopes ; south-
western slopes and Riverina

Nardoo * .... Mid-season .... Central tableland ; northern
tableland;  north-western
slopes

F.—Wheats to be Grown under Irrigation.

In experiments carried out by the Department, the
following wheats have given the best results when grown
under irrigation for hay and green fodder:—

(1) Zealand.
(2) Marshall’s No. 3.
(3) Florence (late sowing).

It will be noticed that of the twenty-three separate
varieties recommended no less than eighteen are Farrer
wheats.

Another way in which the New South Wales Depart-
ment encourages the study of wheat improvement, and,
incidentally, the improvement of other crops. is by means
of Farmers’ Experiment Plots. These were introduced
by Mr. G. Valder (Under-Secretary and Director of
Agriculture) some years ago. As far as wheat is con-
cerned, these include variety trials and manure experi-
ments carried out by the farmers themselves under the
supervision of an officer of the Department. The scheme
has worked admirably in encouraging farmers to take an
interest in improved methods of cultivation and in select-
ing the most suitable varieties of crops, and particularly
in bringing them into close touch with the Department,
These plots are now under the direction of Mr. Hugh
Ross, Chief Inspector of Agriculture.

No better proof could be afforded of the value of these
plots as object lessons to farmers, and as factors in
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encouraging improved methods of cultivation, than a
comparison of the average bushel yields of the experiment
plots devoted to wheat with those of farmers working
their land under ordinary conditions.

The following table shows the average annual yield
per acre for the State (New South Wales) for the past
five years, together with the yields obtained from the
Farmers’ Experiment Plots.

AVERAGE YIELD PER ACRE IN BUSHELS

190g-10  IQTO-IT 19T1-12 1912-13 1Q13-I4
New South Wales ... 143 13°1 10°§ 14°6 12°'0
Farmers’ Experiment Plots ... 240 18°75 20°25 240 21°0

It is to be noted that the usual size of these plots is
10 acres, only a few being below this area and others
running up to 23 acres, and that the increased yields are
due to improved farming, such as selection of suitable
seed, proper manuring, and particularly fallowing with
subsequent cultivation to conserve moisture.

The Agricultural Bureau system which has been intro-
duced recently, and which originated in South Australia
(see p. 37) must also be mentioned as one of the means by
which the farmer is encouraged by the Department to im-
prove his working conditions, and one which assists inci-
dentally in wheat improvement. Some of these Bureaus
have instituted what are known as ‘* Seed-wheat growing
competitions,”” which also originated in South Australia.
These competitions extend over a number of years, the
seed used each year being hand selected from the plot of
the preceding year. The area is five acres; the ground
must be clean or after long fallow, the seed graded and
of a variety selected by the Department. The standing
crop is cleaned as far as possible by hand-picking of wild
oats, strange heads, etc. The award is made according
to a scale of marks given for yield, purity of type, freedom
from disease, bushel-weight, and general appearance.
This scheme offers a strong incentive to the farmer to
improve the quality of his seed wheat, and helps him to
do so by systematic methods.

The selection of seed to raise ‘‘stud plots” for the
coming season by individual farmers, as distinguished
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from the above-mentioned bureau scheme, is also
encouraged by the Department.

The milling of wheats on a small mill and the testing
of flour has been carried on in New South Wales since
1885. This has also been a factor in the improvement of
wheat, in that it has enabled the breeder and grower to
avoid the propagation of inferior grain and to improve
local wheats in respect to milling excellence. The Depart-
ment is also represented on the Grain Trade Section of
the Sydney Chamber of Commerce, part of the activity
of which body is to strike the standard of quality for
shipping (the F.A.Q., or Fair Average Quality standard).

For many years the Department’s mill has been utilized
for the purpose of awarding the prizes in the wheat
section of the Royal Agricultural Society’s Show, the
prizes being finally awarded to those wheats which give
the best milling results.

(2) VICTORIA.

Departmental Action.

Systematic work in the improvement of wheats by
selection, combined with cross breeding, is carried out at
the Government Experiment Farms and Stations at
Dookie, Longernong, Rutherglen, Wyuna, and more
recently at Werribee Research Station. Standard varieties
are also grown for seed purposes in ‘‘stud plots’ for
distribution as seed wheat to farmers. An experimental
flour mill is in operation on which new varieties can be
tested for their milling qualities, and the flour tested and
baked into loaves. This is under the charge of Mr. A. E.
Richardson, Superintendent of Agriculture. The mill is
also made use of in judging the wheats competing at the
Melbourne Royal Agricultural Show.

The work at Dookie has been the most prolific of
results in the production of improved varieties, and a
short description of some of the wheats created by Mr.
Pye will serve to show the nature of the work accom-
plished.

Mr. Hugh Pye, now Principal of Dockie Agricultural
College, Victoria, was among the first to take up the
systematic study of wheat with a view to its improvement.
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Mr. Pye was associated with Mr. Farrer since 1888,
when the work of this investigator first came under his
notice. They worked in co-operation, since that time
exchanging new varieties and ideas. At first Mr. Pye’s
work was chiefly confined to perfecting Mr. Farrer’s
wheats and selecting them to suit Victorian conditions.
Most of the Federation wheat now grown in Victoria
is from the original cross. It developed somewhat
differently {rom the same wheat grown in New South
Wales, and is a specially prolific strain.

In his most recent report (vide Report of Principal,
Dookie Agricultural College for 1913-14) Mr. Pye
laments the fact that he had been handicapped in the early
days by not being able to avail himself of the services of
a testing mill, so that he was unable to breed for milling
excellence, and had to devote himself more particularly
to increasing prolificness in conjunction with other
qualities. Now that a small testing mill is in operation
he has the results of twenty years’ work to test.

How well he has succeeded in producing good yielding
wheats is shown in the following short notes on some of
his more successful creations.

Improved Steinwedel was the first new wheat to be
distributed for general cultivation. It is a cross between
Steinwedel and Purple Straw, two weak-flour wheats
which were very popular all over Australia at that time.
The cross proved to be a drought-resistant, prolific, early
mid-season variety, and had the merit of holding its grain
well. The original Steinwedel, though one of the best
drought-resistant wheats we have, has the defect of shell-
ing badly. This is a very serious drawback in Australia,
where the almost universal use of the stripper requires
the wheat to be dead-ripe before harvesting. Improved
Steinwedel is still largely grown in Victoria.

Warden was the second variety introduced by Mr. Pye.
Its pedigree is (Quartz x Ward’s White) x Red Bor-
deaux. This variety was specially selected for its hay-
producing qualities, and is still the most popular hay
wheat in Victoria. It took the first prize at the last
Melbourne Agricultural Show for wheaten hay.
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In addition to its qualities as a hay wheat, it is a
prolific, drought-resisting variety, and has done well in
the other States. In the drought year of 1902 (when the
average yield per acre for the Commonwealth was
24 bushels), Warden was the only variety that returned
over 10 bushels.

College Purple and Wallace are other popular cross-
breds, the latter being specially suited to the cooler
districts.

Of Mr. Pye’s more recent creations, the following are
particularly promising :—

Commonwealth is a cross between Federation and
(Queen’s Jubilee x Australian Talavera). In his Annual
Report for Dookie, July 31, 1913, Mr. Pye reports that
this wheat has given excellent results in South Australia
and New South Wales, as well as in Victoria. Yields as
high as 43 bushels to the acre have been reported, and in
several instances it has beaten Federation by 8 bushels.
In a dry district in South Australia, where other varieties
yielded only 8 to 9 bushels per acre, this wheat gave
15 bushels.

Currawa, a cross between Little Club and (Cretan [a
durum] x Northern Champion) is another variety recently
distributed. In the first year of its distribution it won
first prize in a crop competition. Yields of 30 bushels to
the acre and over are common. This season the highest
yield recorded is 42 bushels in the north-east of Victoria.

Major is a Federation x Wallace (see above) cross, and
is to be distributed next season, a bushel being sent to
each of the agricultural societies for distribution to
selected farmers who report on its behaviour in the field.
It is a weak-flour variety, and has been twelve years
under observation.

Yandilla x Red Bordeaux is another very promising
variety, which will be distributed in the same way the
season after next. It has given very high yields in the
farm plots for several seasons. This year it yielded in
the farm plots at the rate of 47 bushels to the acre.

Moira is a weak-flour wheat of high promise as a
prolific yielder.
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(3) SouTH AUSTRALIA.

South Australia was the first of the States to under-
take the systematic improvement of wheats, and the first
Australian wheat breeders belong to this State.

In 1881 the late Dr. Schomburg, Director of the
Botanic Gardens, Adelaide, supplied a few farmers in
South Australia with samples of Du Toits, a variety of
wheat grown in South Africa. One of these farmers,
Mr. Ward (now resident at Port Pirie), observed a single
rust-free plant in a crop that was otherwise eaten up with
rust. From this plant was produced the wheat known
as Ward’s Rust-proof, or Ward’s Prolific, a variety
which has probably played a more important part than
any other single variety in the improvement of wheat in
Australia. For Ward’s Prolific is not only a rust-
resistant and highly prolific variety, thus enabling many
farmers to carry on wheat growing at a time when the
prevalence of rust threatened to destroy the industry, but
it is the parent of all the principal varieties that made
wheat growing profitable in South Australia, many of
which have proved of even greater value than the parent
wheat, and are strong favourites in the other States.

Even more successful as a wheat breeder was Mr.
Richard Marshall, who suffered severely from the
depredation of rust and other cereal diseases. TIle set
himself to study the disease, and systematically experi-
mented with a large number of varieties obtained from
different parts of the world, and by cross breeding and
selection succeeded in producing a considerable number
of varieties which completely replaced the wheats hitherto
in cultivation.

Some of the best-known varieties we owe to this
investigator are Marshall’s No. 3, Marshall’s Prolific,
Silver King and Majestic, and the great popularity of
these wheats affords ample testimony to his success:

A new era may be said to have been introduced in South
Australian wheat growing by these creations of Mr.
Marshall, and the older varieties of the Purple Straw,
Tuscan, and Lammas type almost disappeared to make
place for wheats with harder grain and stiffer straw.

3
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Moreover, their cultivation enabled the farmer to compete
with some measure of success against the ravages of
rust. Their high yielding power helped to make them
popular favourites from the start.

Of the wheats we owe to Mr. Marshall, Marshall’s
No. 3, Silver King, and Majestic (all extensively grown
all over Australia) are derived from Ward’s Prolific, being
either selected sports from that variety or cross breds.

Yandilla King, another very favourite wheat, is a cross
between Yandilla (IFarrer’s) and Silver King (Marshall’s),
and hence a lineal descendant of Ward’s Prolific. It will
be seen what an immense debt Australian wheat growers
are under to the two South Australian farmers, Messrs.
Ward and Marshall. Other notable varieties obtained
by selection from Ward’s wheat are Gluyas, Carmichael’s
Eclipse, and Budd's Early, and these have proved to be
of even greater value than the original.

Probably the most extensively cultivated of all is the
selection known as Steinw.:del, named after a farmer in
Balaklava, South Austraiia, who originated it. This
wheat is an extremely prolific and drought-resistant one,
and has been for many years by far the most popular
grain-wheat for the drier districts. It is still one of the
few non-Farrer wheats recommended for cultivation by
the New South Wales Department, though it is now
giving place to stronger flour varieties and to wheats less
liable to shell.

Other South Australian wheat breeders who devoted
their energy to the production of improved varieties
suitable to South Australian conditions are Mr. Inglis,
who is the creator of the rust-resistant variety that bears
his name, and Mr. Leak, the originator of another ‘‘ rust-
proof wheat.”” Both these wheats are still widely grown.

These are the principal varieties we owe to South
Australia, and before Mr. Farrer’s wheats were created
these wheats were grown practically all over Australia.
It is no disparagement to them that they are being
gradually replaced by wvarieties which have been more
systematically and scientifically bred for special purposes.
Many of FFarrer’s crosses are descendants of one or other
of these wheats, and the names of Ward and Marshall
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are entitled to a high place in the history of the develop-
ment of wheat in Australia.

Departmental Action.

Systematic attempts to improve wheats have been
carried on by the South Australian Department for many
years past. The most complete scheme is that introduced
by Professor A. J. Perkins, Principal of Roseworthy
Agricultural College. Professor Perkins bases his
method on the assumption that selection, to be effective,
must be continuous and uninterrupted. The broad
principle underlying the method is that the best ears are
selected from the ‘‘ selection plots,”” and are used for the
following season’s selection plot. The process thus con-
tinues indefinitely and automatically, those ears possess-
ing in the highest degree the qualities sought for being
alone selected for further propagation in the selection
plots. These -plots have now been in existence since
1904, so that with some of the original wheats the ninth
consecutive selection has been reached. Professor
Perkins has very kindly supplied the subjoined descrip-
tion, which will make his method readily understood : —

““ We start with a limited number of good ears selected
from well-grown plants in a standing crop, let us say
King’s White. The immediate progeny of these ears,
with the exception of the best picked out from them in
the following season, I call King’s White (first selection).
The best ears picked from the best plants become King’s
White (second selection), and so on indefinitely, the very
best ears always becoming one selection in advance of
their immediate parents. At the present time we have
reached our ninth selection with some of the earliest
wheats handled.

‘“In any given year the picked ears are sown in what
I term ‘ Selection Plots,’ i.e., in rows 24 in. apart, each
grain being dibbled in one link apart. Each ear is main-
tained separate under a number or letter, so that I always
have several strains of the same variety, many of which
are discarded in the course of time if they do not come
up to expectations., In the same way all our wheats are
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strictly pedigreed in that I can trace them all back, strain
by strain, to the individual original selections.

‘**In picking out the best ears attention is paid to the
usual points: (1) The plants must be thoroughly satis-
factory, well grown, stooling normally, and not lodged
in any way. (2) The largest and best-formed ears are
roughly picked in the field from the selection plots, and
are subsequently handled in the laboratory. (3) As much
as possible we give preference to perfect ears, t.e., those
carrying no empty shells. (4) Ears are measured indivi-
dually and the number of spikelets counted; a record of
this is kept throughout; only those most satisfactory in
this direction are retained. (5) The ears are ‘hand-
threshed, and the grain examined and counted; the best
again are retained. (6) IMinally, the grain of individual
ears is always hand-graded before sowing.

‘“ After picking out the best heads for mnext year's
selection plots we run a stripper over the remaining
plants, the grain from which goes into what I have called
‘ Seed Plots,” extending over % acre, I acre, or even at
times 2 or 3 acres, according to the area occupied by
individual varieties in the selection plots. In the year
following these seed plots supply our farm seed; and in
the year after that the grain is available for seed to
outsiders.

““ By these means our farm seed supply is constantly
being renewed by more recent selections. The result has
been most satisfactory; all our wheat is sold for seed
purposes, and we are never in a position to meet all
demands The seed has gone all over Australia, and
varieties which have been grown without change on the
farm for between seventeen and eighteen years are still
some of the best on the farm.”

There is also a wheat research station at Parafield. At
this station a large and constantly increasing number of
cross-bred wheats are made and kept under observation
in what are known as ‘“ Cross-bred Plots.” Last season
sixty-eight new crosses were made. In addition to this
are the ‘‘ Breeding Plots,”” in which hand-selected seed
of local and foreign wheats are grown in small plots and
made use of for crossing purposes.



CEREALS 37

Mention has just been made of the nature of the work
carried out at Roseworthy Agricultural College. This
institution deserves mention as being the first of its kind
in Australia, being opened in 1882. In addition to the
selection plots already described by the Principal, the
College encourages wheat cultivation by carrying out
experiments in improved methods of cultivation and in
the use of manures.

Other departmental farms which are particularly
devoted to wheat are (besides Parafield) Kybobolite,
Loxton and Veitch’s Well, and Turretfield. The
Agricultural Bureau system, which originated in South
Australia and has been introduced into New South Wales
and referred to above, has also been an important factor
in the improvement of wheat. The Bureau consists of
a central advisory body with branches in country districts
where meetings are held at regular intervals, papers read,
ideas exchanged, and discussions held. Officers of the
Department attend these meetings and discuss their
special lines of work with the farmers, and the system
provides an admirable opportunity for keeping farmers
in touch with the Department.

(4) WESTERN AUSTRALIA.

In this State until recent years the most prominent
wheat-breeder who sought to improve wheat by cross-
fertilization was Mr. G. I. Berthoud. He was also in
correspondence with Mr. Farrer, and in the earlier days
did a great deal of work in the selection of this investi-
gator’s wheats and in acclimatizing them both in New
South Wales and in Western Australia. Mr. Berthoud,
after leaving New South Wales, started wheat experiment
plots at Hamel, in Western Australia, about fourteen
years ago. where he worked on the selection and cross-
breeding of wheats, both his own and Mr. Farrer’s. The
outcome was the establishment of a State Experiment
Ifarm at Hamel under Mr. Berthoud’s direction.

The district was, however, found to be unsuitable for
successful wheat growing, the season being late and wet,
and Mr. Berthoud abandoned his experiments.
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He was successful in producing several new and
valuable varieties of grain which are still popular in
Western Australia, the best known of which are:—

Alpha and Cross-bred No. 73.—These wheats are of
the same parentage, namely, crosses between Steinwedel
and King’s Jubilee, and are similar types of grain. They
are early wheats, specially adapted to the drier districts.

Zealand is another very valuable variety which we owe
to Mr. Berthoud. It was originally imported from
France by him in 1888, and grown in the Corowa district
of New South Wales. It is essentially a hay-wheat, and
has held the position of first favourite for hay in New
South Wales for many years, and is still the most reliable
hay-wheat we possess for the Riverina and South-western
and Western Slopes and Central Tableland. It is not a
good variety for grain, the flour being of low colour.

Of the other more commonly grown varieties in
Western Australia are:—

Lott’s or Gregson’s.—This belongs to the English
Square Head type, and originated with a Mr. Gregson,
of York, Western Australia, from a single selected ear.
A neighbour, Mr. Lott, was also instrumental in dis-
tributing it, so that it is known under both names. It is
one of the most prolific of late mid-season soft wheats.
and in Western Australia rivals Federation in this
respect.

Penny’s is another selection from Square Head wheat,
and is also the produce of a single ear. It originated
with Mr. Penny, of Green Hills, Western Australia, and
is a similar grain to Lott’s. It also is very popular in
Western Australia.

Mr. Joseph Correll, of the Arthur River, Western
Australia, who has made a close study of wheat for the
past thirty-nine years, has recently succeeded in raising
several new varieties, some of which are already
deservedly popular and increasing in public estimation,
as well as several others which Mr. Correll expects will
prove even more satisfactory. '

The best known of these outside Western Australia is
Le Huguenot.

This variety originated from a single plant with two
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beardless heads in a crop of Medeah (a bearded wheat of
the Macaroni or Durum type). This plant was harvested
separately and sown in the following season, 1898, and has
now been fixed for some years. This variety appears to be
the result of accidental cross-fertilization. It is particularly
valuable as a hay-wheat, as it possesses all the qualities
of the best of the Durum wheats, and has the -advantage
of being beardless. It is one of the varieties recom-
mended for cultivation for this purpose in the coastal
districts of New South Wales. It is also a good grain
producer, but it is as an improved hay-wheat that Mr.
Correll creafed it, and it now rivals Baroota, the principal
wheat grown for hay in Western Australia.

Mr. Correll has also been successful in fixing a number
of promising varieties by the same process of the selection
of single plants, apparently produced by natural cross-
fertilization. Of these Correll’s No. 5 is among the best
of the early or mid-season varieties. He has two varieties
with solid straws and beardless, of similar parentage to
Le Huguenot, which he will shortly distribute, and which
he considers will be even more generally useful than Le
Huguenot, in that they tiller better, hold in the ground
better when ripe, and can consequently be better stripped.
They are more readily threshed, and produce better and
more abundant grain. These varieties he calls La
Rochelle and De Conde, and they appear to be the result
of natural cross-fertilization between Medeah and a wheat
called Hawkes Club, a field of which was growing
alongside.

Other varieties (Correll’s No. 7 and No. 8) are also
hay-wheats and bunt and smut proof and will probably
be found to be rust-resistant.

Of the grain wheats, the one which Mr. Correll con-
siders most promising is No. 10, which will shortly be
available for distribution. This has long square heads
free from tip beards with purple, comparatively short
straw and very shotty grain. Mr. Correll’s wheats, as
will be seen, are all the products of selection of two or
three natural crosses, with Medeah for one of the parents.

Among the more recent enthusiasts to take up the
matter of wheat breeding in Western Australia is Mr.



40 CEREALS

\W. Catton Grasby, of the Perth Technical College and the
West Australian newspaper. Mr. Grasby was for some
years in communication with Mr. Farrer and Mr. Richard
Marshall, of South Australia.

He carried on wheat experimental plots in Western
Australia in co-operation with the late Mr. Charles
Harper, and since Mr. Harper’s death has continued this
work alone.

Mr. Grasby has been successful both in selecting special
wheats and in cross-breeding. The principal objects at
present aimed at by him are the creation of early maturing
varieties possessing stiff straw and the production of hay-
wheats. In thi$ latter respect very promising results
have been obtained by using Le Huguenot as a parent.
Tall, well-stooled wheats result, and there is every like-
lihood of one or more of these wheats taking the place
of Baroocta, the present favourite. Crosses between
Alpha (Berthoud’s) and Federation (Farrer’s), and also
between I'ederation and Rerraf (two IFFarrer wheats) give
considerable promise, being notably early maturing
varieties and escaping mildew, which did a great deal of
damage in Western Australia last season. Some of these
crosses will be ready for distribution in a couple of years’
time.

Departmental Action.

Largely through the instrumentality of Mr. Grasby,
the Education Department has introduced wheat growing
as a subject for nature study in schools. Mr. Grasby
has placed at the disposal of the Department the produce
of his own experiment plots, including a number of cross-
bred varieties of his own creation.

It is anticipated that the work will prove of great
commercial value to the State, although the plots are
intended primarily to be educational,

During recent years a small wheat-testing mill has been
installed which will enable new crosses to be tested for
their milling qualities, as was done by Mr. Farrer, and
so prevent the waste of time in cultivating varieties which
later are found to be useless on account of their poor
milling quality. An interesting investigation has been
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recently carried out by Mr. E. A. Mann, the Government
Analyst (who is in charge of the testing mill), in con-
junction with Mr. Grasby, on the effect of manuring on
the milling quality of the wheat. The results obtained
would seem to indicate that the addition of potash and,
in a lesser degree, of lime to the crop increases both the
gluten content and also the water-absorbing power of
the flour obtained.

Of the experiment farms under the control of the
Department of Agriculture, those at Nangeenen, Chap-
man, Narrogin, and Merridin are especially devoted to
wheat culture.

(5) QUEENSLAND.

The Agricultural College at Gatton and the State
Farms at Roma, Hermitage, and Gindie are all engaged
in wheat culture, the farms at Roma and Hermitage being
more particularly devoted to wheat production. At these
farms variety tests, manurial trials, and seed-wheat plots
are all in operation, and seed-wheat true to type is grown
to supply farmers.

The late manager of the Roma State Farm, Mr.
R. Soutter, now devotes himself exclusively to work in
cross-fertilizing. In all the wheat-growing districts of
Queensland farmers’ experiment plots have been estab-
lished, in which variety tests and manurial trials are
carried on.

There is also a small model wheat-testing mill in
operation under the charge of the chemist, Mr. J. C.
Briinnich, on which small parcels of wheat can be milled
and the flour tested and baked.

It will thus be seen that Queensland, though not a
wheat State, has not neglected to provide facilities for
the improvement of this cereal. Of individual wheat
breeders who have produced wheats of lasting value I am
unable to find any record. The names of Dr. Bancroft,
Mr. F. M. Bailey (the Queensland Government Botanist),
and Mr. Steiger are well known for their work on wheat
diseases (particularly rust) in the late 'seventies and early
‘eighties. Dr. Bancroft in particular imported and tested
a great variety of wheats from other countries with the
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object of acclimatizing them to Queensland conditions,
especially in regard to their resistance to disease.

From the above it will be apparent that a considerable
amount of attention is being devoted to wheat improve-
ment in Australia, and that the several State Departments
are fully seized with the importance of the subject and
afford ample encouragement to its prosecution.

The subject of wheat improvement in Australia is so
large that I am very conscious of not having been able
to do full justice to it. Numbers of improved varieties
are brought forward from time to time as the result of
selection, and names are often given to them in order
to distinguish them from the original variety. These,
however, do not usually enjoy a lasting vogue, and as it
would be invidious to mention one or two without men-
tioning all, I have confined myself to speaking of those
varieties that are well established favourites, or which,
being the result of scientific selection or cross-breeding,
give promise of playing an important part in the future.

In dealing with a subject in which four or five States
are in friendly rivalry, it is not an easy matter to appor-
tion fairly the work done by each, and to avoid giving
undue prominence to any paltlullal State or to any special
line of work.

I am conscious that New South Wales bulks rather
largely in the foregoing paper. If an apology is needed
for this, it must be found in the fact that I am personally
very much better acquainted with what is being done in
this State than in the others. Further, New South Wales
really has done more than the other States in the matter
of wheat improvement. Apart from Mr. Farrer’s work,
which every one will admit overshadows that hitherto done
by any individual in Australia, and apart from the incen-
tive given locally to wheat improvement by that work,
the New South Wales Department has a larger and better
equipped organization, a greater number of experiment
farms, plots, etc., than is the case with the other States.
If I have done any injustice it has been unintentional,
and due to ignorance and not to prejudice.

I have received a great deal of valuable information
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from individual workers in all the States, both as regards
their own work and that of others. Of those not
specifically referred to in the text, I would like to thank
the officers of the New South Wales Department for
much information, both given verbally and taken from
their writings; to Mr. M. Kahlbaum, manager of the
Adelaide Milling Co., one of our highest authorities in
Australia on scientific wheat milling; to Mr. H. W.
Potts, Principal of the Hawkesbury Agricultural College;
and to Mr. J. B. Trivett, Government Statistician for
New South Wales, for figures in connection with acre
vields.
APPENDIX.

Possible Extension of Wheat Production in Australia.

On the assumption that a rainfall of 10 in. during the
growing season (April to October inclusive) may be
regarded as the present limit of profitable wheat pro-
duction, we have in the four principal wheat-producing
States the following areas above that limit:—

New South Wales 163,772 square miles
Victoria 74,616 m
South Australia ... 46,980 v
Western Australia 93,500 .

The whole of this area is, of course, not suitable for
wheat growing. In New South Wales, for example, it
is calculated that out of the 105,000,000 acres receiving
over 10 in. during the growing season, only about one
quarter, or about 26,000,000 acres, can be profitably
cultivated for wheat.

At the present time, and for the past ten years, the
area harvested for grain has represented about 8o per
cent. of the total area under wheat, the remainder being
cut for hay and green feed. We must assume that this
proportion will continue, so that of this 26,000,000 acres
it may be assumed that a little under 21,000,000 acres will
be the maximum area harvested for grain. At present
only about 3,000,000 acres (3,140,000) are under culti-
vation for wheat. It is therefore possible even under
existing conditions to increase the area of wheat pro-
duction by over 17,750,000 acres in New South Wales.
If the average yield per acre of the past ten years
(12'1 bushels) is maintained, this would mean a total
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harvest of over 252,000,000 bushels, as against the 1912-13
harvest of 32,500,000 bushels, and the estimated one of
36,860,000 for the present season.

Figures for the other States regarding the proportion
of the area outside the 10 in. isohyetal during crop growth
are not available, as far as I am aware, but we may fairly
assume that this proportion is much the same as in New
South Wales, and that one quarter of the area given in
the preceding table can be made available. We shall then
get the following figures for possible acreages and
yields : —

(x) (2) 3) ) (s)
Area with over | Area ;}vailable Are;a available | Average
10 in. rain 0 01 in ield f .
during growing | wheat gri)wing. 8o perrgc::: of y"iast | Total yield
season One-quarter of | column (2) | 6 years,
column (1) 1907-8 to
1912-13
L P “Bushels
- Acres Acres | Acres per acre Bushels
New South Wales ... | 104,814,080 | 26,203,520 | 20,962,816 | 1204 | 252,392,305
Victoria . 47,754,240 | 11,938,560 | 9,550,848 | 1181 | 112,795,515
South Australia 30,067,200 | 7,516,800 | 6,013,440 | 11°0% 66,628,915
Western Australia 59,840,0c0 | 14,960,000 | 11,968,000 | 10°13 | 121,235,840
D o . |
Total for four States... | 242,475,520 | 60,618,880 | 48,495,104 —3 553,052,575

The following table gives the area actually under crop
and the production for the past two seasons for all the
States of the Commonwealth: —

New South Wales
Victoria .
South Australia
Western Australia
Queensland ...
Tasmania

1912-1913

Area under

Area under

i WNeat Production heat
! Acres Bushels Acres
2,231,514 32,4877336 | 3:1417316
.| 2,085,216 | 26,223,104 | 2,565,861
| 2,079.633 | 21,496,216 | 2,054,364
793.096 | 9,168,594 1 068,553
124,963 | 1,975,505 ==
- 25,226 630,315 | -
; |
2 7,339,648 | 91,981,070 ! =

1913-1914

Production
(estimated)

Bushels
36,860,000
32936,245
16,805,945
13.669.000

2,053,000
421,000

103,045,190
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It is to be noted that the Australian harvest is reaped
between November and January. Thus the figures for,
say, 1912-13.give the harvest from November, 1912, to
January, 1913, and represent the grain available for 1913.

The possible extension of the area under wheat, and
the increase of production from the present 103,000,000
bushels for the Commonwealth to about 550,000,000
bushels for the four principal wheat States will be found
to be a low estimate when the data on which it is based
are examined more closely.

The assumptions are : —

(1) That wheat cannot be grown profitably with less
than 10 in. of rain during the period of growth.

(2) That the proportion of land suitable to or available
for wheat production is about one-quarter of the total
area within this isohyetal.

(3) That the average yields per acre for the past six
years will be maintained. &

(4) That only four States take part in this expansion.

With regard to (1), it may quite reasonably be expected
that improved methods of cultivation and improvements in
drought-resisting wheats may make it possible to extend
the area of profitable wheat growing into even drier
districts than are now considered safe. In addition, there
is the possibility of growing wheat in the dry areas under
irrigation, a subject that is now being pushed forward
energetically in all the States.

A very considerable change has taken place within the
last few years in our ideas as to what constitutes a safe
rainfall for wheat growing.

In 1904 the late Government Statistician for New’ South
Wales (Sir T. A. Coghlan, now Agent-General for New
South Wales in I.ondon) placed on the map a ‘" wheat-
experience line’’ which defined the extreme western
boundary of profitable wheat growing at the time. Since
that time, however, the causes mentioned above—im-
proved methods of cultivation and improved wheats—
have caused this line to be extended westwards to such
an extent that the present Government Statistician (Mr.
J. B. Trivett) has been able to put a new wheat-experience
line on a map issued by him in 1912, showing the inclusion
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of an additional 13,500,000 acres on which wheat is being
profitably cultivated.

With regard to (2) the proportion of suitable land, I
can only find that this has been estimated with any
accuracy in the case of New South Wales. This estimate
leaves out of account all the coastal districts and the
northern districts where wheat is now grown only for
hay. It also excludes the mountainous country and all
country which under present conditions is unsuited to
wheat, ‘

The late Director of Agriculture for Victoria (Professor
Cherry) estimated the area available for wheat production
in that State at 28,000,000 acres. If this estimate is
correct, the total production of wheat in Victoria would
be capable of being increased to 264,500,000 bushels, and
that for the four States to over 705,000,000 bushels. The
estimate appears, however, to be high, as it assumes that
considerably more than half the area receiving 10 in. of
rain from April to October is suitable and available fcr
wheat growing.

(3) The average yields per acre for the separate States
has been maintained fairly at this level for the past ten
or eleven years. We experienced one exceptionally
droughty season as late as 1902, when the yield per acre
for the Commonwealth was only 24 bushels, but the
succeeding harvest yielded an average of 13°32 bushels.
The average for the past six seasons (1907-08 to 1912-13)
is 11°59 bushels. ILast harvest (1912-13) yielded an
average of 12'5 bushels.

(4) No account is taken of expansion in other States
than the four present wheat States. Tasmania is not
likely ever to develop to any extent as a wheat producing
country; but, on the other hand, Queensland has
enormous areas suitable for wheat production, which will
undoubtedly be cultivated as the country develops. The
Northern Territory is another unknown quantity. Wheat,
in common with other crops, has only been experiment-
ally tried, and the Commonwealth Year Book gives the
area under cultivation as 2 acres. From the reports of
those who have been there, there is no doubt that there
is an enormous area, both within and outside the tropics.






L’AMELIORATION DE LA CULTURE DU BLE EN
ALGERIE ET EN TUNISIE.

Par EmMiLE BAILLAUD.

Secrétaire Général de I'Institut Colonial de Marseille.

I.a production du bl¢ en Algérie-Tunisie est d’environ,
12 millions de quintaux dont les trois quarts sont des blés
durs.

Ces chiffres correspondent a une moyenne car les
rendements varient considérablement d'année en année
suivant les périodes de pluies ou de secheresse. En outre
ces rendements varient également suivant qu’il s’agit des
cultures des colons européens ou de celles des indigénes.
LLa moyenne obtenue par les indigénes ne dépasse guére
trois a quatre quintaux a I’hectare tandis que les
Européens obtiennent au moins en général 12 quintaux.
Or les quantités obtenues par les indigénes sont beaucoup
plus importantes que celles des Européens pour les blés
durs tout au moins qui forment la principale partie de la
production du blé en Algérie: les blés tendres sont surtout
cultivés par les européens. On voit donc le trés grand
intérét qu’il y a a améliorer ces rendements.

Cela peut ¢tre fait en introduisant les nouvelles
méthodes de culture comme celles qui sont comprises
dans la dénomination de ‘‘ Dry-Farming *’ mais aussi en
améliorant les variétés cultivées.

Jusqu’ici les efforts qui ont été fait dans cet ordre d’idée
ont porté surtout sur la sélection des variétés locales.

Sous la féconde direction de M. Boeuf d’abord comme
chef de la Station Expérimentale de 1I’Ecole Coloniale
d’Agriculture de Tunis puis actuellement comme chef du
Service botanique de la ‘Régence, on a appliqué les prin-
cipes de sélection Svaloff & plusieurs milliers de variété
de céréales recueillies dans la région. Un petit nombre
de sortes reproduites par voies pédigrées ont ¢été
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retenues en raison de leur mérite; elles ont été multi-
pliées 4 la fois dans les Champs de la Station Expéri-
mentale de I’Ecole d’Agriculture et dans deux stations
confiées a deux colons de grand mérite MM. Louis Boutet
et Faucon et mises 4 l'essai dans un grand nombre de
champs d’expérience réparties dans toute la Tunisie. L’on
devait ainsi se rendre compte de leur faculté d’adaptation
dans les différents milieux et de la transformation suivant
les conditions dans lesquelles elles se trouveraient.

Malheureusement la sécheresse de ces derniéres années
a pour ainsi dire interrompu cette multiplication et 'on
en est simplement encore a la période expérimentale.
Cependant M. Boeuf a pu préciser ses méthodes et obtenir
des résultats de la plus haute importance au point de vue
de leur application et toutes les dispositions sont prises
pour commencer en plus grand des reproductions.

En Algérie les essais ont été poursuivis a I"’Ecole
d’Agriculture de Maison Carrée sous l'experte direction
de M. Ducellier et dans un certain nombre de champs
d’expérience situés dans les différentes régions de
I’Algérie.

Sans s’attacher exactement a l’obtention de semences
pures, les principaux colons algériens et tunisiens se sont
préoccupés depuis longtemps de I’amélioration des
semences et on peut dés maintenant procéder a une
premiére classification des blés d’Algérie Tunisie.

L’Institut Colonial de Marseille s’est adonné tout
particuliérement a 1'étude de ces blés qui sont un des
principaux aliments de la minoterie et de la semoulerie
de ce port.

En 1910 il leur a consacré une de ses Expositions
spéciales et depuis cette époque il n’a cessé de rechercher
de quelle maniére il pourrait mieux seconder les travaux
de sélection fait en Algérie et en Tunisie et nous donnons
ci-dessous une énumération succinte des principaux types
sur lesquels a porté jusqu’ici cette enquéte.

Les formes de blé algérien, soit durs, soit tendres, sont
fort nombreuses et de valeur inégale pour 'agriculteur et
le commercant. Sauf la tuzelle de Sidi Bel-Abbés ou blé
d’Odessa sans barbes, aucune de ces formes n’est cultivée
a un degré de pureté suffisant et les cas ou le mélange

4
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des scmernces est composé des deux variétés sont rares.
On trouve fréquemment cing ou six variétés bien
différentes comme végétation, production, qualité de
grain en étudiant les blés sur pied dans un méme champ.

Les efforts combinés de I'Institut Colonial de Marseille
et du Syndicat des Minotiers et Ifabricants de Semoules
de Marseille ont conduit a une amélioration de la situation
passée en ce sens que les cultivateurs de nos possessions
méditerranéennes savent quelle est la plus value qu'ils
peuvent retirer de la vente de leurs blés, si elle a lieu de
telle maniére que le mélange des différentes variétés soit
évité, mais cette amélioration ne sera générale que le
jour out le commerce des grains algériens et tunisiens sera
organisé sur des bases nouvelles et tel qu’il se pratique
dans les pays grands exportateurs de blés. Un premier
point cependant a été acquis définitivement celui de la
répression des fraudes.

Ces travaux préliminaires ont montré la nécessité de
s’organiser spécialement pour déterminer, parmi les
variétés scélectionnées dans nos Colonies Francgaises,
celles qui seraient les plus intéressantes au point de vue
industriel. A la suite d’enquéte effectuée par son Secré-
taire Général, M. Emile Baillaud, et des rapports de M.
Arnaud, Président de la Chambre Syndicale des Minotiers
et Fabricants de Semoules de Marseille et de M. le Pro-
fesseur Jumelle, I'Institut Colonial a décidé d’adjoindre
a ses services un Laboratoire spécialement destiné a
I'¢tude des céréales et plantes féculentes des possessions
francaises et muni des machines de meunerie et de rizerie
(en réduction) qui permettent de faire l’essai industriel
des blés (meunerie, semoulerie, boulangerie) des riz
(décortication, blanchissage, glagage) et des plantes
féculentes autres que les céréales (préparation et extrac-
tion des amidons, fécules, alcools, etc.).

Les études industrielles faites dans ce Laboratoire
seront complétées par la détermination botanique et les
analyses chimiques nécessaires. Lorsque ces études
auront été entreprises dans les Colonies, ce Laboratoire
se bornera a en centraliser les résultats. Lorsque au
contraire, les Stations locales manqueront de l'outillage
et des éléments nécessaires, le Laboratoire se mettra a
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atteignant 1 m. 60 dans les meilleures conditions
(Minangoin).?

Ce blé qui résiste bien a la rouille est le plus répandu
dans les environs de Sfax ot il donne un grain trés estimé.
La Station Expérimentale de I’Ecole Coloniale d’Agricul-
ture de Tunis l'indique comme convenant .aux terres
sablonneuses légéres.

Azizi.

Epi de sept & huit centimétres, glumes a peu pres
glabres d’un brun foncé rougeatres par place. Barbes
brunes, longues, formant un faisceau cylindrique. Son
grain est trés beau, trés recherché par la meunerie. A
le défaut de rouiller. II est cultivé dans le Nord. On
le rencontre principalement dans le Centre de Sousse a
Kalrouan. A M’Saken les indigénes le vendent comme
blé de semences aprés lui avoir fait subir un triage a la
main (Minangoin).

D’aprés Scofield, cette variété serait originaire de
Tunisie et bien quelle soit connue en Algérie, elle n’a pas
pris une grandeg extension,

Béliouni.

Epi rouge, lisse, long, de méme largeur de la base au
sommet. Epillets rapprochés, 5 fleurs dont 3 ou 4 fer-
tiles; glumes et glumelles fortes, barbes noires trés fortes,
longues. Grain glacé, jaune, gros (Ducellier).

Cette variété parait étre celle qui est la plus appréciée
au point de vue de la rusticité et des rendements.

Apres des essais de plusieurs années, beaucoup de
colons I'ont adopté dans le département de Constantine
comme bon blé semoulier, résistant a la chaleur, ayant
une paille moins cassante que celle du Mahmoudi, ce qui
est gros avantage pour la moisson et un bon rendement,

meilleur que I’Adjini qui pourtant est le blé semoulier
par excellence.

1 “La culture des céréales en Tunisie,”’ Bulletin de la Direc-
tion de PAgriculture de la Tunisie, 1re trimestre, 1908.
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Bidi ou Bihedi.

Epi court (4 a 5 centimétres), trés trapu, a rachis
apparent, légérement recourbé, gros, blond, clair. Paille
atteignant 1 m. 75 4 2 métres dans les bonnes terres et les
meilleures conditions (Minangoin).

Ce blé originaire de Sétif a donné des résultats
sup¢rieurs dans les parcelles bien cultivées en Tunisie.
La plante qui est vigoureuse semble plutot se plaire dans
les coteaux ¢levés.

Biskri ou Beskri.

Nom donné dans la région de Téboursouk a un blé qui
ressemble beaucoup au Mahoumi.

D’aprés MM. Perriquet et Nancy qui ont commencé a
la cultiver dans la plaine du Krib, il y a quatre ans ce blé
est trés vigoureux et, devant les résultats obtenus, sa
culture s’est étendue chez leurs voisins qui en sort fort
satisfaits. Il donnerait en effet de meilleurs rendements
que 1'Adjini et le Souri précédemment cultivés. La
plante est forte et de belle venue, la couleur d’un vert
tirant sur le bleu et des feuilles trés larges. Si la plante
n’a pas souffert dés la maturité, les barbes sont bien
noires. Le grain est gros. Il semble résister assez bien
a la sécheresse et la verse.

Blé Chalvin.

Ce blé est un blé Pélissier que M. Chalvin cultive a
Vesoul-Beniam pour I’obtention de semences. Les colons
de la région de Boufarik, Blidah, ont adopté sous son nom
la semence qu’ils lui demandent. 11 résiste bien a la
secheresse.

Genah-cl-khetifa (aile d’hirondelle).

Epi de 8 a 9 centimétres, glumes et barbes d’un beau
noir, rachis teinté de noir avec un anneau de méme
couleur a la naissance de I’épi (Minangoin).

M. Paul Deligne a cultivé ce blé en partant d’un épi
trouvé dans un champ en 1903 et il est parvenu a obtenir
en I9I0 132 quintaux. D’aprés lui cette espéce semble



54 CEREALS

ne pas craindre les maladies et ne pas étre tres difficile
au point de vue culture.

Ce blé fait trés peu de déchets (4 pour cent), poids a
I'hectolitre 83 kilos, paille dure et trés rigide. Son grain
est beau; il est trés précoce et résiste par conséquent au
siroco. Il est peu sujet & la verse et a la rouille.

Hache ouw Hechede.

Epi blanc quelquefois teinté de rose, lisse droit, court,
6 a 7 centimétres de longueur. Epillets peu serrés 3 a 4
fleurs dont 2 a 3 fertiles, glume forte a pointe un peu
arrondie; glumelle portant une barbe blanche, fine. Grain
rouge, petit court. Paille fine trés blanche, peu sensible
aux maladies (Ducellier).

M. Ducellier l'indique comme peu sensible aux
maladies. Cette variété rustique trés répandue dans toute
I’Algérie n'est jamais cultivée en grand. On en rencontre
quelques ¢épis a Tlencem, Mascara, Tiaret, Bordj bou
Arréridj, Batna, Sétif.

« Hamira.

Epi carré a six rang de 7 a 9 centimétres; a glumes
brunes violacées, a barbes rouges de longueur moyenne
et disposces en faisceau cylindrique, le grain est gros,
long, a sillon profond. La paille est courte (Minangoin).

Cette variété est cultivée par les Arabes de préférence
au Mahmoudi dans le Nord de I’Algérie parque qu’il est
moins exigeant que ce dernier, mais étant trés sujet a la
rouille, il réussit dans les terres qui s’égouttent facile-
ment.

Mahwmouds.

Epi blanc aplati, large de 15 a4 18 millimétres velu, long
de 5 a 6 centimetres. Epillets trés rapprochés, recouvrant
trés complétement 'axe de 1épi, cinq fleurs dont quatre
fertiles; glumes fortes de 14 4 15 millimétres, quelquefois
colorées en noir sur la caréne; glumelles inférieures
longues, prolongées par une forte barbe noire trés longue
dépassant la somme de 1’épi de 15 a 16 centimétres.
Grains allongés, trés gros, un peu courbés, ambrés, trés
bel aspect (Ducellier).
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Cette variété parait étre la plus appréciée dans le
département de Constantine ot elle est connue sous le
nom de Nab-el-Bel Richi et on elle est souvent cultivée
en mélange avec le Béliouni et ’'Hamira, dont les grains
sont de la méme couleur. Elle est adoptée également en
Tunisie et dans I'Est du département d’Alger (Ain-
Bessem, Aumale, Thiers et Médéah).

Le type le plus connu au point de vue commercial est
celui obtenu par la Compagnie génevoise des colonies
suisses de Sétif qui, grace a la maniere dont elle le
sélectionne depuis de longues annces, est arrivée a lui
faire faire prime sur le marché.

Blé de Mahon.

Epi blanc, lisse, long, 8 a 10 centimétres, un peu courbé
a la maturité. Epillets secs espacés sur le rachis 4 fleurs
dont 2 a 3 fertiles; glumes portant une courte aréte
carénées a la partie supérieure seulement, glumelles
inférieures prolongées par uhe barbe blanche écartée de
I’axe de 1’épi qu’elle dépasse de 7 4 8 centimétres, les
balles s’entrouvent a la maturité et le grain tombe au
moindre coup de vent. Grain jaune pale de bonne qualité
surtout dans la plaine de Chéliff. Paille demipleine,
blanche, trés résistante a la rouille (Ducellier).

I’échantillon sélectionné par 1'Ecole d’agriculture
algérienne de Maison-Carrée provient d’'un sol argilo-
siliceux calcaire et a donné un rendement a 1’hectare de 14
quintaux avec un poids a I'hectolitre de 8o kilos.

Dur de Meédéah.

Epi trés coloré, rouge tirant sur le noir, droit, un peu
plus mince au sommet. Epillets trés rapprochés, 35 fleurs,
34 4 fertiles enveloppées par 2 glumes fortes, trés carénées,
glumelles inférieures fortes prolongées par une aréte noire
cassante a la maturité, dépassant 1’épi de 13 a 13 centi-
métres. Paille blanche forte résistante a la verse et aux
maladies (Ducellier).

Grain bossu, concave du cote du sillon, rappelant un
peu celui de certains poulards, riche en gluten.

Ce blé est un des blés durs que Vilmorin cite dans son
ouvrage: ‘‘Les meilleurs blés’ comme susceptibles
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d’étre cultivé en France. D’aprés lui le blé de Médéah
est une forme tout a fait méridionale qui réussit surtout
au sud de la Méditerranée. Il y a une quinzaine d’année
environ que cette variété est cultivée en Egypte, ou elle
est particulierement estimée a cause de la richesse de son
grain en gluten.

Mohamed-el-Bachir.

Ce blé sélectionné par le Syndicat Agricole de Sétif et
répandu dans la région Nord de Constantine en terres
riches et profondes, est un peu plus tardif que le
Mahmoudi.

Grain clair allongé, bon semoulier.

Blé Pélissier.

Trés voisin du blé de Séville & barbes noires dont il
dérive par sélection, appelé encore Hebda. Bel épi
carré, gros, long de 8 a 10 centimétres, de coloration
variable, plus ou moins velu, suivant les régions. Sur le
littoral d’Alger, I’épi devient complétement lisse et blanc,
ainsi que ses barbes. Epillets serrés composés de 5 fleurs
dont 4 fertiles; glumes trés fortes, noirdtres sur la caréne;
¢lumelles inférieures munies d’une barbe forte et longue,
ordinairement noire. Grain long, glacé, jaune, tirant sur
le blanc, treés estimé (Ducellier).

Ce bl¢ a pris une grande extension dans le département
d’'Oran en raison de ses bons rendements. Dans le
département d’Alger il est également cultivé depuis
quelques années d la suite des essais faits a la Station
Botanique de Bouiba ou aprés sélection il a été classé
en premieére ligne par ses rendements et la qualité de son
grain.

Ce blé, qui est probablement d’origine espagnole, doit
son nom a un cultivateur des envirous de Pont des Issers
dans la vallée de la Tafna, qui I’a sélectionné.

Réalforte.

Epi de 8 a 9 centimétres absolument carré, a six rangs.
Glumes et barbes d’un beau jaune doré. Grains gros,
peu allongés (Minangoin).

Ce blé, d’introduction récente dans le Nord de I’Afrique
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est originaire de Sicile. Cette variété semée en Tunisie
dans les environs de Mateur, donne des rendements bien
supérieurs a ceux obtenus avec les autres variétés.

Blé rouge de Tlencem.

Epi rouge, lisse, allongé, atteignant dans les bonnes
terres IT a4 12 centimeétres, ordinairement 8 & 9; aussi large
a la base qu'au sommet. Epillets moins rapprochés que
dans les autres blés durs a 3 a 4 fleurs dont 2 a 3 fertiles;
¢lumes fortes terminées par une pointe aigue, glumelles
inférieures munies d’une forte barbe noire trés longue,
dépassant le sommet de 1’épi de 14 4 15 centimétres. La
couleur des barbes varie et devient quelquefois identique
a celle des balles. On trouve cette variété a4 Tlencem,
Mercier-LLacombe et dans le Nord du Sersou. Quoique
son épi soit tres beau, elle n'est pas tres cultivée, car elle
craint les coups de chaleur et son grain est plus petit que
celui des blés durs en général. Cette variété ressemble
beaucoup au blé Paris introduit de Gréce il y a quelques
années (Ducellier).

Grain mince, pointu, ambré, de bonne qualité.

Blé de Séville a barbes nores.

Epi blanc, glabre ou un peu velu teinté de noir sur les
glumes, long de 5 a4 6 centimeétres droit, un peu effilé a
la partie supérieure. Epillets frés rapprochés, formés
de 3 ou 4 fleurs fertiles; glumes prolongées par une
pointe courte de 2 ou 3 millimetres, glumelles inférieures
portant une barbe noire dépassant I'épi de 2 a 3 centi-
metres, écarté de l'axe. Grain allongé, glacé, jaune
blanchatre (Ducellier).

D’aprés M. Ducellier, cette variété rustique est cultivée
dans I’Ouest de 1’Algérie, seule ou en mélange. Dans
le département d’Oran on la trouve a Ain-Témouchant,
dans la vallée de la Tafna, & Tlencem ou elle constitue a
peu prés la moitié des emblavures du blé dur: a Mascara
dans la plaine des Eghrus, a Tiaret. Elle est aussi
cultivée dans le Sersou, a Ain Bessem et Bordj bou
Arréridj ou les indigeénes 1'appellent Djoul 4 cause de sa
bonne qualité. Elle a été introduite d’Espagne depuis
trés longtemps.
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Sbai ou Souaba-el-Aldjia (doigt ou doigt de I'esclave).

Epi court, 4 4 5 centimétres, glumes blanches, légére-
ment velues, barbes noires, jaune doré a leur extrémité.
Grain jaune, transparent, trés gros et trés allongé. Ne
réussit que dans le Nord ou dans les terres trés fertiles
(Minangoin).

Lla Station Expérimentale de ’Ecole C. d’A. de Tunis
indique comme lui convenant les plaines a sol argileux
frais.

Souri.

Epi long, de 9 a 10 centimetres, glume jaune, dorée,
glabres. Barbes trés longues de méme couleur. Donne
une paille blanche, longue, plus estimée que celle de
Mahmoudi et de 1’"Hamira.

Ce blé est cultivé dans le Nord de I’Algérie surtout dans
les terres fraiches et riches, il se seme souvent en mélange
avec le Mahmoudi et I’Hamira.

D'aprés M. P. Deligne il a peut-étre le défaut d’étre
un peu exubérant comme végétation, mais cela lui permet
mieux de se défendre contre les mauvaises herbes, il
résiste bien aux maladies et donne un beau grain. Le
rendement est de 12 a 15 quintaux en belle culture, comme
déchets moyens que 'on peut facilement réduite au
battage, il donne de 4 a 6 pour cent.

(2) BLES TENDRES.
Allorah.

Blé tendre a épi rouge barbu, introduit trés récemment
dans la Vallée de la Medjerda.

Blé de Bordeaux o Blé rouge inversable.

Lpi rouge brun, souvent courbé, ressemblant a celui
du blé rouge d’Ecosse, mais présentant souvent sur 'axe
et sur les glumes une teinte glauque, que n’a jamais celui-
ci. Paille moyenne forte et souple, demi pleine. Grain
rouge, gros, assez court, lourd et bien plein (Vilmorin).

Les blés rouges de Bordeaux ont été introduits dans
la région de Saida, mais, d’aprés M. Van Eyll, ils s’y
cultivent peu et, bien que donnant de trés bons rende
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ments certaines années ils semblent plus sensibles au froid
et surtout au siroco que les Tuzelles de Provence ou les
Richelles de Naples. ILeur maturité est un peu plus
tardive et c’est 1d aussi un défaut important dans une
région ou Vhiver est souvent assez rigoureux.

Richelle blanche d’Alger.

Epi blanc, trés long, 12 4 13 centimetres, lisse, brillant,
faisant le cou d’oie a la maturité. Ce dernier caractére
permet de distinguer facilement les champs de Richelle.
Epillets bien séparés, réguliérement disposés, trois a
quatre fleurs, glumes et glumelles munies d’une courte
aréte recourbée (Ducellier). ‘

Grain blanc, court, trés farineux.

Variété trés productive, introduite par le Service
Botanique qui a obtenu par sélection la variété désignée
ci-dessus cultivée dans la Mitidja, sur le littoral, dans la
plaine des Eghrus, a Mascara.

Blé de Rieti.

Epi blanc, glabre brillant, courbé a la maturité.
Epillets trés éloignés les uns des autres et de plus en plus
petits vers le sommet de 1’épi; quatre fleurs dont trois
fertiles; glumelles inférieures munie d’une barbe noire,
disposée comme celle du blé de Mahon. Grain trés
coloré, presque brun, peu apprécié en Algérie a cause de
sa couleur malgré sa richesse en gluten. Paille creuse,
faible, peu sensible a la rouille (Ducellier).

Cette variété originaire de 1'Italie centrale, est cultivée
sur le littoral de 1’Algérie, mais elle est encore peu
répandue.

Richelle blanche de Naples ou Grano carosella.

Epi blanc assez éffilé, demi-long, souvent courbé, trés
peu ¢largi, muni de quelques arétes courtes vers le
sommet. Grain blanc, beau et gros, assez allongé, bien
plein, de trés belle qualité. Paille trés blanche assez
haute, abondante. C’est une des variétés les plus faciles
a reconnaitre. Il n’en est & peu prés aucune dont 1'épi
se rapproche plus complétement par I'aspect de ’épeautre
blanche sans barbe (Vilmorin).
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M. Van Eyll, qui la cultive dans son domaine de
Fenouane aux environs de Saida, trouve que comme pré-
cocité, la Richelle de Naples est supérieure a la Tuzelle de
Provence, mais elle semble moins résistante au froid.
Elle est également moins riche en gluten. En année
favorable, son rendement est supérieur a celui de la
Tuzelle et l'idéal serait de semer ces deux sortes en
mélange, mais en raison de leur différence d’époque de
maturité, la chose n’est pas possible. Il lui semble
prudent avant d’accorder une trop grande place a cette
variété, d’attendre un acclimatement plus complet.

Tuszelle de Bel-Abbés ow d’Odessa.

Epi rouge irréguliérement coloré, lisse, brillant, long
de 9 4 11 centimétres, plus gros au milieu qu'aux ex-
trémités. LEpillets allongés, rapprochés au centre de
I’épi, avortés quelque fois & la base, dirigés a droite et
a gauche de l'axe de 1’épi. Ce caractére permet de dis-
tinguer facilement cette variété. Epillets a 6 fleurs don:
4 a 5 fertiles, glumelles inférieures munies au sommet de
I'épi d’une aréte rouge de 2 ou 3 centimétres. Grain
blanc, long, un peu corné a la périphérie. Trés bonne
qualité commerciale (Ducellier).

Cette variété est trés répandue a Bel-Abbeés, Mercier-
Lacombe, Mascara, Sersou, Tiaret, Bordj bou Arréridj.

M. Ducellier indique que cette variété qui réussit si
bien dans la plaine de Sidi Bel Abbés, dans le Sersou aux
environs de Tiaret, et aussi dans la région de Sétif ou
elle donne des blés si remarquables et si appréciés par le
commerce, craint sur le littoral d’Alger la rouille et les in-
tempéries. Son grain au lieu d’étre d’un blanc uniforme
se parséeme de graines foncées qui le déprécie. Il n’est
donc plus cultivé dans la Mitidja pour cette raison.

Tuzelle barbue ou barbue de Bel-Abbeés.

Epi rouge, long de 10 & 12 centimétres, lisse. Epillets
a 4 fleurs, 3 fertiles, glumes aristées, glumelles inférieures
munies d’une barbe rouge, écartée du rachis. Grain
blanc allongé de méme qualité que le Mahon. Paille
demi pleine, blanche, résistante a la rouille (Ducellier).

Ce blé est surtout cultivé dans le département d’Oran






THE INDIAN CEREAL TRADE.

By FrREDERICK NOEL-PATON.

Director-General of Commercial Intelligence, India.

I HAVE been asked to read a paper on the Indian Cereal
Trade, and the point to which I wish to give the greatest
prominence from the outset is that India only exports
about 6 per cent. of her cereals. The rest is wanted for
home consumption, and it is not possible to discuss even
the export trade without regard to that fact. For an
expansion of consumption by I per cent. (or a corre-
sponding contraction in yield) would presumably reduce
the theoretically exportable surplus by 16 per cent., while
the said surplus would disappear altogether if the internal
consumption grew by 64 per cent.

The subject given me has many branches and aspects,
on any one of which one might write a volume. I can,
therefore, only run over them superficially. The popula-
tion of India is distinguished from that of any European
country, not only by its magnitude, but by its diversity
in respect of races, and of the customs and diets peculiar
to the several tracts. Throughout the greater part of
the United Kingdom one rarely finds any food-grain but
wheat, oats, and barley in common use, and these are
grown at one season, so it is easy to establish the
total area covered by them. But in India there are
many food-grains—rice, wheat, maize, jowar (Sorghum
vulgare), bajra (Pennisctum typhoideum), ragi (Eleusine
coracana), and a variety of other secondary millets and
grains which there is no time to describe. These cereals,
moreover, are grown, one as a rain crop and another
as a cold weather crop, while some are grown in both
seasons. And the seasons themselves are not by any
means in unison throughout India.



CEREALS 63

These circumstances greatly complicate the preparation
of crop returns in India; and another difficulty consists
in the smallness and multitude of agricultural holdings.
The crops are grown mainly for internal consumption,
and are cultivated broadcast throughout a vast sub-
continent. Some of the patches lurk in remote recesses
of the jungle, and others perch on inaccessible ridges of
great mountains. In the Himalayan tracts one looks
sheer down from the pine-clad heights, and through rifts
in a shifting veil of clouds, upon dwarfed and sun-
dappled mountain ranges, thousands of feet below, which
in any other part of the world would themselves seem
stupendous; and one sees that all their sides and buttresses
are scored and contoured with a thousand narrow terraces
built by successive generations to preserve the soil from
being washed away. At the end of the rains the spectacle
is astonishing in the vividness of the colour, for here
some of the crops are of a uniform blazing crimson or
scarlet or gold, and the flat roofs are covered with the
orange and saffron of drying maize. The villages and
farms and fields appear so near and yet so infinitely small
that it is difhcult to believe them real. And when one
considers what must be the task of the officer who should
attempt to estimate the aggregate area of all those
snippets of land, cut and carved intc a thousand diverse
forms and sizes to suit the contours of the hills, one
becomes tolerant of some inexactness.

Another spectacle which to the pure statistician has
some of the horror of a nightmare, and which a visitor
to India might regard as an hallucination, is that of two
bullocks and a man (all nearly submerged) who move to
and fro in the middle of one of India’s vast rivers swollen
by the monsoon rains. One passes the strange team in
a launch, and there is not a speck of solid ground
apparent within a quarter of a mile of them. But they
are ploughing the bed of the subsiding river in order
that seed may be sown as soon as the mud bank begins
to show. They have waded out by a long diagonal spit
not visible to us; and in the evening we may see the man
stumbling homewards through the water, driving before
him his pair of bullocks with the inverted wooden plough
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towing astern of them. But, as mud banks often change
greatly in size and form from year to year, one may
congratulate the local statistician on the comparative
rarity of posers of this particular kind.

There are large tracts where the food of the people
may almost be said to consist of ‘‘ rice with variations.”
In the north there are others where wheat predominates,
and where rice is scarcely more familiar than in European
households. Elsewhere the staple food of the poorer
classes may be millets of various kinds; and in Himalayan
tracts one sees food crops not recognized in the plains.
Throughout the country considerable reliance is placed
on pulses as a supplement to the inadequate proteins of
the cereals proper, but these pulses do not fall within the
scope of this paper.

I refrain from quoting a number of bare statistics
relating to the area and out-turn of Indian food-grains.
It is practically impossible to memorize figures so large
as to convey to the mind no visual image or conception.
When one discusses crop areas in India, one speaks in
figures in which an error of a million acres one way or
another might not be noticed, so I will try to make
them intelligible by correlating them with a set of
dimensions that are known to most of my hearers.

In certain of the principal food-grains, like rice and
wheat, there is a large export trade. India exports
about one-sixteenth of her rice and one-eighth of her
wheat. This trade is mainly in the hands of European
merchants, though it is served by legions of Indians as
cultivators, labourers, carriers, middlemen, brokers, and
bag merchants. Successive crop reports, provincial and
*“ Imperial,”” are published during the growth and garner-
ing of these crops. The provincial reports are known as
the provincial forecasts; and an Imperial report, though
commonly spoken of as a forecast, is officially designated
a ** General Memorandum > upon such and such a crop.
It is an important part of the functions of these forecasts
that they should inform the Government and the public
regarding the general material welfare of the country;
but the fact that they relate only to those crops in which
a large export trade is done suggests that this con-
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sideration must have weighed heavily in the successive
decisions regarding their institution.

Except in Bengal, where the permanent settlement
makes it unnecessary to maintain a regular revenue staff,
these forecasts are compiled by that staff. The statistics
for each minor tract are reported to the officer of the
Administrative District in which it is situated. He pre-
pares a return for the district, and reports it to the
Director of Agriculture in his particular province; and
the Director in turn reviews and, if necessary, modifies
the district returns in the light of such special knowledge
as he may possess, and then publishes the provincial
total, which he further reports for incorporation in the
General Memorandum.

General Memoranda bring together the figures for all
India. Not only do the crop seasons vary somewhat as
between province and province, but the systems of land
tenure and revenue practice differ in a manner that
imposes diversity of practice in the preparation of
agricultural statistics. It thus happens that, although
an attempt is made to time the issue of the Memoranda
with regard to these diversities of conditions, the data
brought together in a single General Memorandum are
not strictly homogeneous either in nature or in respect
of time. Madras may be unable at first to report regard-
ing any but the tracts held under a particular form of
tenure. Agra and Oudh may be unable to make any
estimate of out-turn at a date when all the other provinces
do so. Some one or other tract may already have com-
pleted the reaping of a crop about whose yield certain
others are as yet able to make only a tentative conjecture.

These points are sufficient to indicate that the so-called
forecasts have defects that are due primarily to the wide
diversity of conditions to be faced. They will explain
also why, in the earlier forecasts relating to a given crop,
comparison is made between the figure now estimated
and that which was estimated in the previous year and
group of years at the same stage of the crop. It has
sometimes been suggested that the new figure should
be compared with the complete and rectified figure for
the previous year; but it is obvious that comparison of

5
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a part of this year’s crop with the whole of last year’s
would be either meaningless or misleading.

The crop areas and out-turns are verified and adjusted
subsequently, and the corrected figures appear in the
volume of Agricultural Statistics. These, however,
appear too late to be of any use as a guide in the
marketing of the crops.

In any case, the prime crops referred to form the
subject of special care on the part of the statistician; but
even as regards them his task is complicated by the fact
that in one part of the country the harvest may be
complete and a rotation crop may already be in the
ground before, in another part of the country, the reap-
ing has even begun. Some idea of the extent of this
multiple cropping may be gathered from the following
figures. The total area of land cropped in India (in-
cluding Native States so far as reported) is about 390,000
square miles, each containing 640 acres, but the total
area of the crops grown on that land is about 444,000
square miles. In other words, the area of the crops is
greater by some 14 per cent. than the area of the
land that produces them, though we must, of course,
remember the fallows in rotation.

Ii we examine the food-grain areas we find that they
amount to about 351,000 square miles. And much of
the land that bears a food-grain crop at one season bears
jute, cotton, or oil seeds at another season.

Before I proceed to analyse these figures in any way
I must try to give some concrete idea of their magnitude.
So greatly do the areas exceed the widest stretch of
country that we have ever seen that the figures remain
nothing but an arithmetical expression. I propose,
therefore, to compare them with something of which we
have acquired a visual impression, even if it be only a
relative one derived from a map. Great Britain is bad
for this purpose, for its straggling form and indented
coast prevent us from conceiving what its dimensions
would be if it were compact and rectilinear. But Spain
stands out well as a unit on a map, so I will compare
Indian agricultural areas with the total superficies of
Spain as you see it on the map—that is to say, including
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all its mountains, forests, and waste spaces. Its whole
_superficies is about 190,000 square miles, and this would
contain 1,624 Counties of London. Parenthetically, the
United Kingdom has an area of about 121,142 square
miles.

Now the area of recorded cultivation alone in India
amounts to 444,000 square miles, and this is more than
two and one-third times the area of all Spain as you
see it on the map. The food-grains, with which we are
primarily concerned at the moment, occupy an area of
351,000 square miles, which is about one and four-fifths
as big as Spain. India exports the produce of only
about one-tenth of her cultivated acreage, and of her
food-grains she exports only about 6 per cent. Yet
what we may call her export acreage alone is consider-
ably larger than omne quarter of Spain, and it would
require an acreage equal to about one-ninth of Spain to
produce (independent of fallows) the food-grains alone
which India sends abroad.

I shall probably be asked on what grounds I state that
India exports about one-tenth of her agricultural produce.
The dificulty of making such an estimate will certainly
not escape the notice of so redoubtable an audience. It
would not be permissible to lump hundredweights of
jute or of cotton or of cotton seed with hundredweights
of rice or wheat, for the unit of quantity in each of these
commodities has a different value, and represents the
produce of different quantities of land. Nor—for the
purpose now in view—can we reduce them all to a
common term of value, firstly, because many of them
are virtually not exported, and export values are not in
any case applicable to produce used in the country;
secondly, because export values are often rather vaguely
ascertained where there are no export duties; and thirdly,
because there are no up-country statistics about some of
the minor articles. The only common term to which
we can reduce all descriptions of agricultural produce,
exported and unexported, is that of the area of ground
required to produce a stated measure. We have such
data about yield per acre as enable us to do this with
some approach to‘accuracy. So, when I say that India
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exports about one-tenth of her agricultural produce, I
really mean that she exports the produce of omne-tenth
of her cultivated acreage.

It is, of course, desirable to form some idea of the
total value of India’s produce; and, having regard to
those considerations about price records which I have
already stated, we see that it is only by employing the
common term of acreage as an intermediate step that
we can arrive at a computation of the value. As regards
those crops in respect of which we have reliable data
about areas, about yield per acre, and about price per
measure, the matter is simple. As regards those crops
or tracts in respect of which our out-turn figures are
imperfect, we are sometimes able to base a fair estimate
on crop-cutting experiments or on ascertained out-turns
in adjoining and similar tracts. Analogous methods are
followed in respect of prices or values; and to those un-
important areas that bear minor food-grains unspecified
we apply, faute de mieur, the average produce value per
acre deduced from the other food-grains. This average
produce value per acre is arrived at by dividing the sum
of the values of those several products in respect of which
we have data by the sum of the acreages under the same
products. It seems to be about Rs. 36 8a., or, say,
48s. 6d.

Before stating some of the figures that issue from the
calculation here outlined, it is well to say that, while
they must be accepted with reserve, there is no reason
to suppose that they are much more inaccurate than the
similar calculations made in other countries.

It appears, then, that India’s agricultural produce has
an aggregate value of some £787,500,000, while her
food-grains alone are worth about £495,000,000. Now
the total revenue of the United Kingdom is, I under-
stand, about £186,000,000, so India’s food-grains alone
are worth some two and two-thirds times the revenue of
the United Kingdom. ‘

Years ago I published a paper in which I examined
the proposition, sometimes advanced, that it should be
possible to deduce from food-crop estimates some con-
clusion as to the quantities that would be in a sense
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available for export. This might be possible if there were
only one food-grain, and if the inducements to exportation
‘were constant in successive years. But external demand
varies greatly, and there are many food-grains. When the
supply of one is in defect, this defect may be made good
by drafts on another kind of grain of which the exports
may thereby be restricted. And, in respect of either of
the two grains here spoken of, considerable and seem-
ingly unaccountable exports may take place, later on in
the season, when the prospects regarding the next crop
in one or other of them or in a third grain that can be
substituted for them are seen to be good. Another
obstacle to such a calculation as we are discussing is
that internal consumption in India is not constant.
Many of the people are, and more of them were till
recently, so poor that they were usually underfed. A
rise in price could not very greatly reduce consumption,
but it led to resort to cheaper forms of food. A fall in
price, on the other hand, induces a more liberal diet;
and if every person in Bengal alone were to increase by
only 1 per cent. the average daily ration of a little more
than 1 1b. of rice per head, the increased consumption in
a year would represent an aggregate of no less than
84,500 tons.

When we consider that India has a population of some
315,000,000, and that 94 per cent. of her food-grains are
required for internal consumption, it will be understood
that an increase of 6 per cent. in the production of rice
might—with a constant internal consumption—bring
about a cent. per cent. increase in its exports, and that,
conversely, a contraction of production on the same
scale might wipe the exports out altogether but for the
financial exigencies of the cultivator. These facts
account in great measure for the violent fluctuations that
occur in the foreign trade in Indian grain. Although
Burma rice is the standard rice of the world, and although
India has in several years supplied the United Kingdom
more largely with wheat than any of her competitors,
people outside India forget her relative importance in
the world’s grain trade.

The ruling factor in the Indian exports is the internal
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price not only of the single grain, but of those that can
be substituted for it; and a somewhat elaborate study of
prices which I carried out in my books on ‘* Burma Rice "’
and on ‘‘ Indian Wheat and Grain Elevators’’ leaves no
doubt that at seasons other than that of the ‘‘knock-
down ’’ harvest sales, the foreign prices for Indian wheat,
say, have little to do with the smaliness of the trade done.
India as a whole, excluding Burma,  cannot be said to
produce grain for the purpose of exportation, though
certain irrigation tracts already do so, and others will
no doubt follow,

There are tracts where irrigation or alluvium renders
production so cheap that the mass of the wheat or rice
can still be sold to a profit at the knock-down prices that
are current at harvest time. But India as a whole parts
only with so much of her food as can or must be sacrificed
to liquidate certain agrarian charges; and when she has
a superfluity she releases it, because it would go bad on
her hands. As the Indian population grows the exporters.
will have to conform to methods that give the cultivator
a better return for his exported produce, or they will
find those methods adopted to keep the grain in the
country. At present the volume of the exports of food-
grains from India at harvest time is mainly determined
by the exigencies of the cultivator. He has, as I have
said, to sell a quantity of his produce at ‘harvest time
because he requires ready money for his land revenue,
his irrigation charges, interest on borrowed money, etc.
What he requires at that season is a definite sum of
money. When prices are low he has to sell a greater
quantity to the exporter to raise that sum. Hence the
anomaly that, given a fair crop, we sometimes—though
rarely—find early exports to be largest in quantity in
those seasons in which prices are low. This is a point
I shall have occasion to revert to. T allude to it here
merely as a step in the exposition of the fact that no
useful estimate of so-called ‘‘ exportable surplus’ can
be made in respect of a single grain.

The question arises whether it is possible to make an
estimate of exportable surplus with reference to food-
grains as a whole. If this is to be done we must find
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some common term in which to express all food-grains,
and we must include those pulses, etc., which are used
to supplement the grain diet. Since the exportable
“surplus is that which under a given set of conditions can
be spared from the food supply of the Indian people,
the term selected must be one that expresses the relation
of the products to the people, or, in other words, the
food values of the several grains and pulses. These food
values are known. In these food-grains the importance
of the nitrogen is so predominant that, for our purpose,
we sufficiently measure the food value of any one of
them if we measure its nitrogen content and ignore the
carbohydrates and the fats.

In other words, we sufficiently represent the total food
value of a given crop if we show what is the aggregate
nitrogen content of that crop. This we can do in respect
of each of the foods in question; and it follows that we
can estimate the total food value of all such foods taken
together. This I found in 19o8 to be about 6,105,000
metric tons of nitrogen. A similar calculation as regards
that portion of the food-grains which is retained for
consumption in India appears to give a figure of about
4,830,000 metric tons of nitrogen.

We can further say approximately what is the daily
nitrogen requirement of the average native of India. On
this physiological side of my subject I am indebted to
Dr. McCay, of the Indian Medical Service and Professor
of Physiology in the Medical College, Calcutta. The
sum of his information is this—and we cannot pause to
discuss Professor Hindhede’s criticisms—that with a
population composed of men, women, and children in
the proportions found at the last census of India, the
nitrogen requirements of the people would, upon the
total of all India, including native States, be 5,024,000
metric tons. It is interesting to find that there is some
approximation between this figure and that of 4,830,000
metric tons which I mentioned above as representing
the total nitrogen content of that quantity of food-grains
which is usually retained in this country for internal
consumption. The difference is about 4 per cent., and
this may well be accounted for by pulses and other
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supplementary foods. It is therefore quite probable
that one might arrive at some approximate estimate of
India’s ability to export foodstuffs in general at a given
time. But that by itself would not enable us to say
which grain would be most readily exported, and this
is precisely the point on which a shipper of Rangoon
rice or of Karachi- wheat requires enlightenment.

We know what is the average fuel value or energy
contained in a stated quantity of Indian food-grain, and
we know what is the average cost of that quantity. It
is therefore permissible to speak of the said sum of
money as being the price of so much energy. And when
we ascertain this in respect of that quantity of energy
which is required to carry the average Indian through
a day’s or a year’s work, we have, in fact, ascertained
something that might be called a unit of value. And
this has great importance in the economic study of any
country. All value in the economic sense ultimately
reposes on such energy, retrospective or prospective, as
is represented by a commodity. If energy costs little in
a country, that country is in a position to produce
cheaply. If, on the contrary, the unit of value be high,
the cost of living will be high; and, as a producer, the
country will be at a disadvantage. On these lines we
find that the cost of the average Indian’s aliment alone,
when derived from grain, is about Rs. 11 (14s. 8d.) for
one year, and less than six pies or one halfpenny per
diem.

In all countries the cultivator wants ready money after
harvest time. He tends to sell at once, and is deterred
only by the fear that he may depress the market.
Prospect of a gain in price may induce him to postpone
sale, but in proportion as storage is costly or inefficient
prompt sale is stimulated. In India the cultivator knows
well enough that by throwing much of his produce on
the market at harvest time he depresses prices, often
below cost; but, on the other hand, he knows that, with
such storage accommodation as is at his disposal, any
attempt to hold a large proportion of a good crop would
entail on him a loss heavier than is involved in his cheap
sales. The storage is primitive. Rice is largely stored
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in granaries of wood and matting, or of beam and plaster,
or of corrugated iron, raised on piles above the damp
ground. Wheat is stored either in granaries of rough
brickwork or sun-baked mud, or in receptacles of wattle-
and-daub, or it is buried in pits. The granaries are
usually on ground level, with an earthen floor slightly
raised. In other words, the storage is about as rough
as it can be; and when regard is had to the torrential
character of the rains that in many tracts set in not long
after harvest, and to the attendant high humidity, it is
not surprising that the damage to grain so held is great.
In India all forms of life grow rankly, and a heavy toll
is levied on stored grain by insects, rats, thieves, mildew,
heating and other agents of decomposition.

These enemies are common to all grain, and any sale-
able surplus of India’s principal export grains (namely,
rice and wheat) is rushed out of the country and dumped
on the foreign markets with reckless disregard of the
usual consequences of a glut. Not only does this system
compel the cultivator to accept, up to the limit of his
immediate cash requirements, any price that the exporter
may offer him, but the absence of storage determines
such a spate of shipment when the crop is good that the
exporter’s prices are forced lower than they need be.

I present two charts (pp. 74, 75) that show the effect of
the system in respect of rice and of wheat. The one with
the most marked peak relates to Burma rice (Chart I); that
with the flattened peak relates to Indian wheat (Chart II).
The Burma season for the export of new-crop rice begins
in January, while the Karachi season for the export of
wheat begins in April. The charts, therefore, start
respectively with January and with April. Both repre-
sent the averages of a series of years, and they present
data in percentages of the mean. The equator or 100
represents the mean monthly figure for the whole period;
and the curve shows in percentages how far the figure
for each successive month usually exceeds or falls short
of that mean. The solid line represent the exports; the
dotted line represents the prices at the ports. These
charts repay exhaustive study, and have indeed disposed
of the most time-honoured legend about the India export
grain trade.
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II.—INDIAN WHEAT. EXPORTS AND PRICES.
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It will be seen that in the first month of the rice seasun
the shipments are only about 69 per cent. of the mean,
but that in the next month they leap to 2235 per cent. of
the mean, and in March go to 274 per cent., dropping
thereafter in three months to the point from which they
started, and then tailing away to 14 per cent. of the mean.
In the three months February to April (or in 25 per cent.
of the whole period) some 38 per cent. of the entire
shipments are exported. In the first six months the
shipments represent nearly 8o per cent. of the whole;
and in September, when prices are best, only 3} per cent.
of the total quantity is shipped. The dotted price-curve
shows not only—as was to be expected—that prices were
lowest at harvest time, but that in September, or seven
months after the middle of the harvest season, a rise of
20 per cent. has taken place, and this, it must be noted,
not for sound grain, but for average of the grain avail-
able at the time, which contains a proportion of damage.

The peak in the wheat curve is truncated; but in its
main character the chart presents a striking resemblance
to that relating to rice. In each case there is a rush up
to the maximum, and then a rapid decline synchronizing
with a rise in price. But the nature of the two problems
is different in several respects. In rice India is the
largest and cheapest producer and shipper in the world,
and her prices rule the world. In wheat India only
comes third as a producer, and seventh as an exporter;
so, great as may be the effect produced by her heavy
dumping at one season, the seasonal demand is limited,
as is shown by the truncation of the curves. But we find
that, in fact, the internal prices of both grains are
markedly lowest at harvest time, and that, while the
price of rice rises by 20 per cent. in seven months, that
of wheat rises by 21 per cent. in eight months.

Another point of difference between the problems
relating to rice and to wheat is that, while the wheat is
exported after being merely threshed, the rice is for the
most part milled before shipment. And the milling of
rice involves processes in which it is important that the
grain should be uniform in size and homogeneous in
character. Tack of uniformity in these respects results
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in imperfect husking of the lesser grains and heavy
breakage among thie larger and more valuable grains.
But under the existing system the diverse kinds of rice
inevitably get mixed during the frantic rush of the short
rice season. So this rush, besides involving reckless
buying, in which the middleman is master, besides
enhancing ruinously the cost of labour, of cartage, of
railway freights, and of transport by country boat, by
river steamer, and by export shipping, leads to most
wasteful milling, and keeps Burma’s product in a position
of inferiority which it need not occupy.

And there is no truth in the ancient legend that these
evils are compensated for by a supposed elevation of
price at harvest time. Both in rice and in wheat the
rush is due to the existence of a comparatively wide
margin between European prices and produce prices.
This wideness of margin is due in the main to the low-
ness of the Indian producer’s price, and the lowness of
that price is due to the facts already stated—that he must
realize a part of his crop, and that he has no means of
storing a large surplus in safety.

Later on the Western prices of wheat drop a little
under the influence of supplies from Canada, America,
and Eastern Europe; and the exporter in India used to
imagine that if his ‘‘ limit”’ had not been lowered he
might have gone on shipping. Only in recent years has
it been pointed out that, as a rule, the internal prices
rise so greatly that four months after harvest the exporter
is entirely ‘“‘ out of it.”” In some years the rise has been
so great that grain shipped to Europe has very nearly
been reimported.

These facts have in the last seven years been established
on the basis of ten years’ averages, and some years have
passed since any attempt was made to controvert them
publicly. They are not affected by the circumstance that
in some single years abnormal conditions may have put
initial prices at so high a level that later prices showed
a decline. The established facts have been made the
ground of proposals for the institution of such a system
of modern bins, silos, or elevators throughout the
country as would serve the purpose of a reservoir, would
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avoid the necessity for throwing the bulk of the export
grain upon the market within a short time, and would
enable a merchant to hold grain in security or to borrow
on good terms on a rising market.

Another factor that has stimulated interest in elevators
has been railway congestion. India has had a succes-
sion of most prosperous years. The congestion on the
railways has at times been very great indeed, and it has
been greatest in the season for the movement of wheat
and seeds. It has been injurious not only to the trade
in these articles, but to every trade that had goods to be
moved; and the proposal for the adoption of grain
elevators has found many converts among the general
merchants, whose business is disorganized by the spate
of wheat and seeds. Now that they understand the
matter these merchants are beginning to resent having
their trade injured, because in India, as in Argentina,
the vested interest in the wheat export trade deprecates
the adoption of a system which they fear might at once
make the seller somewhat independent and facilitate the
entry of competitors into a close preserve.

Among the converts are also many railway men.
Formerly they feared that elevators might put an end
to the export trade by facilitating retention of the grain
in the country, and might so deprive the northern rail-
ways of a great deal of traffic. But the conviction has
gained ground that the present system of recurring
congestion, with redoubled clamour for more rolling
stock and track and crossing stations, is not business,
and that working will be much more profitable if the
grain should go forward as it is wanted in consumption.
The admission is also now made that when the large new
irrigation tracts in the wheat regions are ready wheat
will probably not be grown on them, and the railways
will have no additional wheat to carry from them, unless
such arrangements be made as will enable the cultivator
to hold his produce in safety till it can be carried and
until he can command a price that covers cost. If these
conditions can be secured, it seems probable that an
additional 2,900,000 acres may be put under wheat, and
an additional 1,283,000 tons of that grain will be avail-
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able. And it must be remembered that in irrigation
colonies the sparseness of the population and the
tendency to produce only the great staple products cause
exportation of an exceptionally large proportion of the
out-turn.

It seems evident that any such additional quantity
thrown on the market at harvest time must crush it as
well as the railway organization. In a year of good
crops much of it would be available for export. But in
a year of good crops prices are low, such portion of the
wheat as is sold for home consumption is sold cheap,
and if the cultivator finds himself still unable to hold his
surplus in safety, and obliged to let it go at such knock-
down prices as a gorged export trade can offer, he will
not put his land under wheat again. These considera-
tions are gradually making their little impression; and,
to cap them all, comes the accumulating evidence that
European ports are rapidly completing their equipment
for the handling of bulk wheat, and will, before long,
require India either to supply in bulk or to knock some-
thing off her prices.

All these considerations have a special interest for
Bombay, which twenty years ago was the chief port for
Indian wheat. Karachi has in recent years spent large
sums on facilities for handling grain in bags, and some
of the local opponents of the elevator proposals argue
that this expenditure obliges Karachi to continue on the
old lines. Bombay, on the other hand, having ceded the
premier place in the wheat trade to Karachi, and finding
herself already obliged to contemplate further port equip-
ment for the handling of produce, is disposed to think
that she might get back a little of her own if she were
able to come forward with an offer of sound bulk wheat
brought in by the two great railways that serve her.

While this question of elevators relates most evidently
to wheat, it remains to be seen whether it may not also
affect rice. This is my reason for disposing of it before
proceeding to discuss these two crops separately. I can
find no record of storage of rice in bins in any country. If
any of my hearers can refer me to such experience I shall
be grateful. Rice-—more particularly rice in the husk—
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mildews and heats very readily. It is probable that
Burma rice in the husk (which contains about 11} per
cent. moisture) would go wrong if stored in bins in the
condition in which it reaches Rangoon, and in the
presence of the high humidity and temperature there
encountered. But research work and some interesting
experience acquired with rape seed in recent years have
shown that the organisms that cause this form of trouble
are inhibited by drying. It remains to be seen whether
great masses of rice could be profitably treated with
modern drying appliances, and whether dehydrated air
should be employed in view of the high temperatures
and humidities encountered at some times and places in
India.

At all events, the chart I have given (Chart 3) leaves
no doubt that the present system must glut the market.
Rice, like all similar materials, is wanted in constant
volume in the consuming markets. But not only does
Burma throw the bulk of her rice on the markets at one
time, but her doing so synchronizes with the arrivals of
the mass of the rice from the other principal sources.
The principal sources lie north of the Equator. The
Dutch East Indies lie south of the Equator, and the rice
harvest there is some six months later than in India,
Saigon, etc. Java rice, therefore, comes on the European
markets when they are bare, and it consequently sells at
a premium very much greater than can be accounted for
by its superiority. It remains for merchants and millers
in Burma to consider whether it would pay to dry rice
to safety point, to hold it in bins, and to send it forward
when the glut of other rices was over. This operation
would appear to offer the advantage that before the time
for export had arrived the ‘‘ rains’’ would have defined
themselves for good or ill, and the holder would be able
to choose between the foreign and the Indian markets.

There is no time at present to go at length into the
engaging habits of that prolific and pervasive insect
called the weevil, or to describe the devices that we are
adopting to circumvent him. No food-grain seems to
be immune to his activities; and if only 5 per cent. of
India’s food-grains are destroyed by him, the total loss
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I1I.—IMmprorTS OF Rice 1nTO UNITED KINGDOM. CENTESIMAL VARIA-
TIONS IN THE MONTHLY IMPORTS ON THE AVERAGE OF FIVE YEAKS,
1go6 TO 1910; TIIE AVERAGE FOR THE SIXTY MONTHS BEING
TAKEN AS 100.
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must approach £25,000,000 sterling. He thrives in the
bland or sweltering airs of the great sub-continent. He
lurks amid the dust and detritus of last year’s crop, in
every crevice of the sun-baked brickwork or the bamboo
matwork of the granaries, and when the new-crop grain
is brought in, fresh and clean and succulent, he sallies
forth in his (and her) myriads, and performs prodigies of
reproduction. The destruction of grain is enormous, but
it has never been properly ascertained in India, although
in some laboratory experiments conducted by Mr. David
Hooper, of the India Museum, some 65 per cent. of the
grain was found to be destroyed in three months. In a
recent Nyasaland publication the average loss by weevil
in that country is put at about 25 to 30 per cent. In places
one finds among the people an extraordinary delusion
that the weevil does no harm. A Burman advanced this
theory to me some years ago, and when he had at my
instance fetched a sample of his last year's rice and had
been shown a very large number of hollow grains, he
said: ‘“ Oh, yes, no doubt; but the rice is always win-
nowed before it is used, and all these hollow grains go
away.”” The idea that their departure represented loss
eventually dawned upon him and set him grinning. A parcel
of grain which has once been ‘' infected ' by weevil may
““break out”” at any time. In other countries the weevil
is occasionally dealt with by means of fumes and gases;
but in India we are at present trying the effect of simple
drying, and the results, so far as arrived at, are very
encouraging. Gases have the disadvantage that, though
they may kill the parent weevil, they do not readily
penetrate to the interior of the grain where the larva is
feeding; nor is it at all likely that they will sterilize the
eggs. But it appears that not only does the weevil die
when a certain point of dryness is reached, but the larva
is unable to feed or even to come into existence. There
are many points to be cleared up, but the study of the
question is being prosecuted at the Agricultural Research
Institute in Pusa and in the Punjab; and there is some
expectation that drying may be found to afford protection
against weevil as well as against mildew. The work of
Mr. Fletcher and Dr. Leather points to 8 per cent. as
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about the safety point in wheat. It is suggested by some
merchants that since drying involves loss of weight it
would not pay. But all users of grain will pay for
assured dryness, not only because of the greater security
of their stock, but because it gives them a potential gain
of weight during the conduct of their industrial processes.
All that is necessary is that they should be sure that they
will get dry grain, and I understand that this consideration
is the basis of the new terms of business in respect of
maize shipments. Another example is afforded by the
description of Indian rape seed called toria. Up to two
years ago toria stood at a heavy discount as compared
with what was called ‘“brown Cawnpore.” It now
commands a premium, and it is asserted by some shippers
that this fact is—not entirely, but to a considerable extent
—due to the more thorough drying instituted after very
heavy losses had been made as a result of damp in 1911.

I have already said that I aim in this paper not at
imparting statistics, which can be better mastered by
eye, but at giving you some idea of the magnitude, the
characteristics, and the main problems of the several
grain trades. [ take rice first, as it is by far the greatest.

The rice crop of British India alone occupies 123,017
square miles, whereas the entire area of the United
Kingdom, including all its waste spaces, is only 121,142
square miles.

The average out-turn is about 29,488,000 tons. I
confess that the figure conveyed very little to me even
when I adopted the expedients of the popular magazine,
and told myself that to transport this quantity I should
have to employ more than 29,000 trains, each consisting
of fifty 20-ton wagons, or a fleet of 4,900 large steamers.
But I began to understand when I visited Burma in the
height of its rice season. Then I travelled day after day
through countries clothed with a mantle of rice which
reached to the horizon on every side. All the land was
alive with little people reaping, carrying, moving to and
fro like ants on festival; and the landscape twinkled
continually with a myriad golden jets of chaff and grain
thrown into the air for winnowing. The whole landscape
rustled and flickered with rice. By paths and roads the
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driblets of India’s greatest product were beginning to
move, carried in baskets by countless Burmans and
immigrant Indians, or by legions of bullocks in
picturesque carts lined with matting to contain the grain
in bulk. By creek and ditch and backwater moved
thousands of boats of every size and shape, and their
sails could be seen flitting deliriously through fields and
by bamboo clumps and groves of hardwood. As the
streams and waterways spread out, the craft seemed to
multiply and spawn upon their surface until, in the great
canals by which they reached the Rangocon River, they
created such a spectacle of progression in a state of
deadlock as only the East can present. The spate of
grain submerges the railways, submerges Rangoon and
Moulmein and Bassein and Akyab, and chokes the mills
and rears great billows of golden grain on every vacant
space, and then pours out across the sea in scores of
ships, feeding the further East and swamping the markets
of Europe.

And in everything that the Burman does he is a person
by himself. A most untimely rainfall set in during the
rice harvest of 1912. Early one morning I saw a Burman
perched precariously on the slope of a great hill of sodden
sheaves which he was trying to save. Anyone but a
Burman would have taken his clothes off to a job of that
kind, especially as it was pouring cats and dogs. But
the Burman was clothed in variegated silks, and with his
right hand he held an umbrella over his head, while with
his left he threw one little sheaf after another up into
shelter.

India supplies about 684 per cent. of the Western
world’s imported rice. Burma supplies about 63% per
cent. of it. Burma also sends some 837,000 tons of rice
to India proper, so that her whole shipments amount to
something like 2,250,000 tons.

The respective systems on which rice and wheat are
usually bought from the cultivator for export differ a
good deal. Whether there would have been roads in
Lower Burma and the Delta if there had been fewer
waterways it is impossible to say. Certain it is that
roads are almost non-existent, and that, but for the large
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number of waterways that thrid the land, the rice trade
as it now exists could not have come into existence. It
is the growth of about fifty years; and the system of
local markets has not advanced as in the Punjab wheat
tracts. Many months before harvest the country is alive
with so-called brokers, who receive money from the
millers and make advances against the next crop. When
the harvest is at hand they distribute bags on a variety
of terms, and then they buy all they can at prices that
leave them a profit on the rates given them by the millers.
But most of the transactions are carried out on the
cultivators’ own premises, whereas in the Punjab the
cultivator with wheat to sell usually brings it to a common
market, where it is exposed for sale or made over to the
agent to whom it has been hypothecated.

In these local markets the wheat is either displayed in
bulk on matting spread in the open, or is represented
by samples. In the central part of the Punjab the wheat
is carted to the market in bulk. In other places much
of it is brought from field to market in bags, is unbagged
for inspection at the market, and is then by the owner
rebagged for storage or for despatch by rail. In the
north-west tract there are no carts, and the grain comes
in on pack animals—bullocks, asses, and camels.

Looking back over the last ten years, we see that there
have been some big events in the Indian wheat trade.
The most important have certainly been the growth in
irrigation, the creaticn of vast wheat colonies where
there was desert before, and the inception of still further
irrigation measures. Then there were the enormous
shipments in 1904, when India exported 2,150,000 tons,
and the United Kingdom took more wheat from India
than from any other single source; and the striking con-
trast of the exports in 1908-09, which amounted to about
5 per cent. of that figure. More potent as factors in the
future have been the alteration in 1907 of the terms of
the Indian contract reducing percentage of admixture,
and the increasing tendency to ship cleaner wheat, until
it becomes evident that India could work on a perfectly
clean basis. Associated with these is the appearance of
a large export trade in barley cleaned out of the wheat.
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The wheat area of India is about 42,822 square miles,
and its out-turn about 8,400,000 tons. The area seems
small beside the rice area of 123,000 square miles, and
vet it represents something like a quarter of all Spain.
The irrigated area under wheat averages about 8,547,300
acres, or 13,3535 square miles, and to this is to be added
the 2,900,000 acres, or 4,511 square miles, expected to
be put under wheat in those irrigation tracts that are
about to be created. This will make in all some 17,8c0
square miles of irrigated wheat.

In certain recent years India has exported large
quantities of barley. The average quantity exported in
the five years ending 1910-11 was about 29,500 tons. In
the year 1911-12 it went to 292,500 tons, while the figures
for 1912-13 touched 615,200 tons. That for 1913-14 has
gone back to 190,400 tons; but I find it to be agreed
that the demand for Indian barley will persist. There is
a difference of opinion as to whether most of the Indian
barley is used for malting or for feeding. I understand
it to be a fact that East Indian barley is bought under
the Feeding Stuffs Contract of the London Corn Trade
Association.

The main interest of the barley figures is less obvious
than their magnitude. In the first place, the comparison
of the earlier with the later years is probably illusory to
some extent. In the second place, the development
illustrates one step in the evolution of a trade specialized
on modern lines, and it shows <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>