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PREFACE.

In 1915 I presented the results of an investigation into ‘¢ The
Progress and Importance of Wheat Production in New Zealand’’
as a thesis being part of the work required for Honours in Eco-
nomics at the annual examinations conducted by the University
of New Zealand. I was subsequently encouraged to publish the
work. After much delay, occasioned by the pressure of other
interests, I have revised it, and I now present it for consider-
ation (and ecriticism) to all who are interested in the rural
industries of New Zealand.

Dr. Hilgendorf has greatly added to the value of the work
by contributing a chapter on ‘The Improvement of Wheat by

Selection in New Zealand,’’ which contains an account of his

work in this problem at the Canterbury Agricultural College.
An Introduction by Dr. Hight, explanatory of the nature and
purpose of the work, completes the volume.

It is indeed fitting that the wheat industry in New Zealand
should receive attention at this particular time. A stage has
been reached in the rural industries of the Dominion which
is causing some anxiety. The present tendency towards pastoral
farming, it is said, is causing such an efflux of labour and
capital from purely agricultural pursuits that these are becoming
endangered. The persistent decline in wheat production during
the past decade has occasioned mueh apprehension in the
community generally, and it is thought that our home supply
will not satisfy the demands of local consumers. The expec-
tation of a large permanent importation has brought the
problems eonnected with the wheat industry prominently before
the public mind, and has recently induced much discussion by
all classes of the community. But there is need of reliable
information and general principles to assist discussion, and the
hope that this work may do something towards achieving this
end, is the main motive for presenting it to the public. It
may be claimed that the investigation is not merely of partie-
ular interest to the individual industry in which it is under-
taken; for although the opportunity and necessity for research
work are equally great, very little has been done in the sphere
of scientific economic research in New Zealand. ‘‘We have
no sufficient means of forming a precise estimate of our
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economic condition except in the most general outline,”’ and
there is little reliable information at the service of those
‘‘anxious to frame equitable measures adequate to a given
set of eonditions and eager to persuade the people of their
efficiency.’” Recently, & number of investigations into economic
questions in New Zealand has clearly illustrated the dis-
advantages under which we are working, and proved adequately
the necessity for such research work. It is claimed for this
work that it is one of a number which have for their purpose
the dissemination of accurate information on the economiec life
of the Dominion, the lack of which, at present exposes us to
severe criticism.

The rural industries have been sadly neglected in this matter,
though they offer a comparatively easy field to the enterprising
research student, and are subject, more than any other group,
to unenlightened criticism by the general mass of men. They
are, indeed, our primary industries, forming the basis of our
national life. The present work must be regarded as merely
4 prelude to further work, both intensive and extensive, on
such a vast field, and if it is the means of stimulating greater
interest in such important problems as those of the wheat
industry, the author will be encouraged to extend its scope and
usefulness, when the opportunity offers.

The culmination of a great decline in wheat production,
co-existent with the disturbing social and economic conditions
eaused by the titanic struggle in the Old World, should give to
the work an element of practical value in the immediate future.

The work is by no means an exhaustive treatment of so
great a question. At many points I have been forced to abandon
interesting and profitable lines of discussion, in the endeavour
to solve completely the main issues, which the problem presented
at the outset. But the extent and complexity of these have
exceeded expectations, and the results eof the investigation, as
far as it has gone, are increased interest in the work, and added
enthusiasm to pursue it further.

I have endeavoured throughout to keep well in mind the
possibility of forecasting from reliable data the probable
tendencies in wheat production in both the immediate and the
ultimate future. This is the main function of an historical
investigation; to use a knowledge of the past for a better
understanding of the present, in the hope that tendencies may
be accurately indicated and measured. But I have frequently
sought indications of concrete representation of the a priori
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conclusions of pure economies, while at the same time using
theoretical knowledge for the explanation of particular phe-
nomena. In this way the problem has been attacked from
the two sides—deduction and induetion—with, I hope, due
appreeiation of both pure theory and historical analysis.

The sources of information have been many and varied.
The ‘‘Statistics of New Zealand,’’ as published from year to
year, contain statistics of production, acreage and yield, for
the separate provinces since 1869; of importation and expor-
tation since 1853; of population sinece 1853; and of rainfall,
wind, temperature, ete., at several meteorological stations sinee
the early sixties. It is not necessary to point out here the
defects in this information. They are adequately indicated in
the text. ¢‘The New Zealand Official Year Book,’’ issued
annually since 1892, gives a complete summary of the statistics,
but does not contain adequate analysis and explanation. Useful
articles, however, on agriculture and related subjects, appear
from time to time, and these have been drawn on extensively.
Much information has been collected directly from farmers,
and though the result of the quest was not wholly encouraging,
it was not altogether fruitless. The other sources of information
I have set out in the Bibliography, where a complete list of
the books and publications used is given. But I must mention
particularly Dondlinger’s ¢‘Book of Wheat,’’ Hunt’s ¢‘Cereals
in America,’’ and MecIlraith’s ‘‘Course of Prices in New
Zealand,’’ all of which have been of the most valuable service.
Where the work of others has been drawn upon, it has been
duly acknowledged, though much of it is presented in different
form. But most of the work of this essay is the result of
first-hand information from official sources, as given in the
‘‘Statistics of New Zealand,’”’ and ‘‘The Official Year Book.’’
The results of personal investigations among farmers and others
connected with the industry, together with practical experience
in rural work, have also proved very valuable, while the services
rendered by investigators in other eountries, notably Australia
and the United States, are inestimable.

A treatise on rural economics for the Dominion should prove
pleasant reading, quite apart from the wealth of information
which it would contain for the economist, the student, and the
general public. Such a work is scarcely yet eontemplated in
New Zealand, but it is hoped that the present study of only
a small section of the whole field, may stimulate sufficient
interest for the enterprising student to undertake the more



vi PREFACE

ambitious task, if it does not, indeed, serve as an introduetion.
The practical value of the questions discussed, has strongly
appealed to me, and it can fairly be claimed that the work is
not merely of academic interest. Indeed, it is mainly in the
hope that the treatment may prove helpful to farmers, publie
men, and all interested in the rural industries, that I have
decided to publish the work. Should this prove to be the case,
it will bring only added pleasure to the author; for already
the investigation has afforded more than adequate satisfaction
for the labours of preparation.

My thanks are due to all who have helped me in the
preparation of the work—and they are many. To the farmers
of Canterbury I am grateful for the readiness with which they
responded to the many requests I made of them. The various
Government Departments which I approached were also always
anxious to assist me with statistical material and other infor-
mation at their disposal. In particular I must acknowledge
gratefully the help which Mr. Malcolm Fraser, Government
Statistician, tendered me in this respect. My thanks are due
also to Mr. Edwin Hall, of Onehunga, and Dr. Hilgendorf, of
the Canterbury Agricultural College, both of whom read the MS.,
and made many valuable suggestions. Finally, I must tender
my special thanks to my teacher, Dr. James Hight, of
Canterbury University College, whose guidance and encourage-
ment while I was preparing the work were invaluable. He
read the MS., as it appeared, and afterwards undertook to
wateh the book through the press, and correct proofs. It may
be stated that this work is but one of many on similar topies,
which have been prepared recently at Canterbury University
College under Dr. Hight’s guidance.

D. B. COPLAND,

University of Tasmania,
Hobart,
June 30th, 1918.
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This book is built on the results of one of a series of
investigations by students of Canterbury University
College whilst proceeding to the M.A. Degree in Eco-
nomics. Its publication has long been delayed by
conditions created by the war, and is possible now only
through the public spirit of the author and the publishers
who make it available in the hope that it may help to
form a sound public opinion on an industry which has
for the last few years been thrust unpleasantly into
public notice through the shortage of home-grown sup-
plies of wheat, difficulties of importation, high prices,
and the inconveniences of government regulation.

Nearly nine years ago 1 wrote of a similar investi-
gation, ‘‘As there is no University Press in New
Zealand, the Government of the Dominion generously
undertook to print and publish the essay,* and it is
hoped that the official interest thus shown
will grow and bear fruit in the national endowment of
research.”” Since that time there has been much talk
all the world over of ‘‘national endowment of research,’’
but in New Zealand very little practical provision has
been made, either by pubic institutions or privately, for
the active encouragement and effective support of
research in the economiec sphere.

In selecting subjects for economic ehquiries, students
have been encouraged to choose from those presented
by the primary industries of the Dominion, as these
provide the great bulk of our wealth and control the
common welfare. As a recent writer on this country
has happily observed,t New Zealand is ‘‘a remote
farm,”’ with pastoral farming in its two main branches
as its chief economic activity, and agriculture as the
handmaid to the more profitable sheep-raising and
dairying. Yet the economic side of the pastoral and
agricultural industries has not received its due share

*Course of Prices in New Zealand, by Dr. J. W. McIlraith.
tJ. B. Condliffe, in The Economic Journal, June, 1919, p. 167.
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of attention from the Government, either directly or
indirectly through the University institutions. There
is a marked tendency to increase the supply of expert
technical knowledge, founded on the latest develop-
ments of physical, chemical, and biological researches,
made available to the farmer by the national funds, and
rightly so, but there has been a general failure to
appreciate correctly the practical value of research in
the economic factors of farming. To the farmer it
should seem as important to attend to the selection of
the right type of crop, to analyse relative costs, to com-
pare marketing and transport methods and charges,
as it is to study manuring and plant-breeding. From the
point of view of the nation, there is a clear duty to see
that every industry is funetioning so as to co-operate
with the others in reaching the highest possible degree
of national welfare. Economic research to attain this
end was never so much needed as to-day, when a large
proportion of the lands of the country has passed into
the hands of purchasers at values greatly inflated by
expectations that the present good times will continue
indefinitely, when experts tell us that the world as a
whole is faced with the spectre of diminishing returns
in agriculture, and when moral duty summons up every
effort to rescue millions in the older lands from the
brink of starvation. While New Zealand has been borne
along on a constantly rising general level of prices
of farming products, politicians have rarely recog-
nised any obligation to analyse the organisation of our
natural resources and the industries directly founded
on them; but if, as now seems likely, we are to be faced
with a continuous fall in the prices of our produce, it
is essential to well-being that we should know how to
utilise these resources in the best possible way. Not the
least useful lesson to be drawn from comprehensive sur-
veys of an industry like the following is the warning
written plain in its history that a present wave of
prosperity, however buoyant it may seem, should not be
regarded as permanent or even likely to last through
the experience of an ordinary business life.
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One of the most ultimately profitable steps the central
or local governments could take is the institution of a
comprehensive economic survey of the primary indus-
tries. This should reveal such results as the most suit-
able districts for each type of farming and the most
economical size and general lay out of farms for each
type. The problems of rural credit and finance, of
transport, of co-operation, of costing and relative prices,
of marketing, taxation, land-tenure, and land-values
are questions primarily of economie investigation. At
the present time the farmer must rest content, for lack
of expert advice, to do what no other business man does
in the same degree, produce in partial ignorance of his
costs and market prospects.

Before there can be any really effective teaching of
the farmer, there must be a great extension of research
to provide the data. In order to direct research into
the proper channels and make it adequate in amount
and effective in quality and results, large funds are
required to establish and equip lectureships in Rural
Economics at the University Colleges and to ensure
prompt publication of the results of research. Between
the occupants of these posts and the farming community,
on the one hand, and the Government Departments
coneerned with agriculture, on the other, there should
be the closest relations so that theory and faet should
go hand in hand. Such relations would be fostered by
that frequent interchange between .the professorial,
Government, and business posts which has proved so
generally beneficial in America both to the Universities
and to business and farming practice.

It is hoped shortly to supplement the present work
by a full enquiry into the history of the wheat and
flour industry in New Zealand during the war, with
special reference to the Government Wheat Control.

J. HIGHT.

Canterbury University College,

Christchurch,
July 29th, 1920.
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Wheat Production in New Zealand.

CuAPTER 1.

THE CONSUMPTION OF WHEAT.

1, Uses of Wheat.

The wheat industry is so widely distributed, and
its products are of such universal service, that it is
necessary to consider briefly the important factors
of marketing and consumption in the great wheat
producing areas before discussing in greater detail the
problems which the industry gives rise to in our own
field of production. From the earliest time the product
has been used as a human food. The traditional use
of wheat for bread has not only blinded our vision to
the variety of uses to which wheat may be adapted,
but it has also deadened enterprise in the production
of other foodstuffs.

The main product of the industry is flour, the chief
ingredient in many varieties of foodstuffs other than
bread. These foodstuffs owe their growing popularity
not so much to their superiority in sustaining life as
to their greater palatability and general attractive-
ness. The manufacture of crackers or Dbiscuits, an
important foodstuff from the wheat industry, is now
a trade peculiar to itself, while maecaroni, one of the
latest products of the industry, in its numerous forms,
is a palatable and nutritive food. It is relatively

A
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inexpensive, and is replacing to some extent those meat
dishes which are becoming costly. Originating in
Italy, its production is now practised extensively in
the United States, where about 100,000,000 lbs. are
made annually from home-grown Durum wheat, a
quantity which supplies only about one-half the
demand. Vermicelli is a kindred production which is
becoming increasingly popular. A further important
class of foods are the ‘‘ready to eat’’ or ‘‘breakfast’’
foods, which are manufactured in large quantities in
the United States.

In addition to these products the wheat industry
furnishes many useful by-produects, the chief of which
are bran, middlings, and sharps, the demand for which
ig increasing as knowledge of their value as food for
stock is becoming more widely spread. Lastly, wheat
straw, the strongest of straws, is in general demand
for a variety of uses in most countries.

It is thus apparent that the products and by-
products of the wheat industry are of far-reaching
importance to mankind. Their utility is enhanced
greatly by the variety of the methods of their con-
sumption, and it is certain that no other product is of
such vital importance for the sustenance of life.

Statistics of consumption show not only that the
wheat product is consumed widely, but also that its
consumption per head is often very high.* Moreover,
there is sufficient evidence to support the conclusion
that the consumption of wheat is increasing at a greater
rate than the population in most countries.t

2. Congumption in New Zealand.

In New Zealand the use of wheat is confined mainly
to the production of bread from flour. The more
important by-products are also produced, while wheat

*Dondlinger, ‘‘The Book of Wheat,”’ p. 302.

tSee Webb’s ‘‘Dictionary of Statistics,”” and ‘‘The Sta-
tistice of the International Bureau of Agriculture at Rome,’’
which is used extensively in this investigation.
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straw is of especial importance on the farm. The
production of these commodities has given rise to a
flour-milling industry employing 66 mills in 1910,
with a produection of flour to the value of £1,248,000,
while the production of bran and pollard is con-
siderable.

New Zealand is considered as an exporter of wheat,
but very often her total supply is almost wholly con-
sumed at home.* For the years 1907-8 the quantities
exported were only 1,374 and 1,385 bushels respec-
tively, while, owing to a general scarcity at the close
of 1914, the Government made arrangements for the
purchase and import of considerable quantities from
Australia and Canada to meet the local deficiency.
The ‘‘New Zealand Official Year Book’’ for the past
ten years"has estimated the consumption per head
of the population at six bushels. From more recent
statistics it appears that there has been a rise in the
per capita consumption. For the decade 1904-13 [
have estimated the average annual per capita con-
sumption by using statistics of exportation, importa-
tion, production, acreage, and population in the fol-
lowing manner:—From the total of production and
importation the amount exported has been deducted
together with the amount used for seed for the new
crop, calculated by taking the amount of seed wheat
per acre at 2 bushels. This latter .calculation is
inclined to exaggerate the amount used for seed, but
most land in New Zealand requires from 11 to 2
bushels per acre, and as much is sown late in the year
the amount is more often nearer 2 bushels than 1%,
hence the exaggeration is but slight.

The amount obtained after these calculations is
taken as the consumption for the Dominion, and the
per capita consumption estimated from this.

The calculations thus obtained were as follows, the

*Circumstances which have rendered the importation of
small quantities necessary during the past three years may be
considered as extraordinary.
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average annual amounts for the period 1904-13 in
bushels being given in each case : —

: Bushels.
Imports ... 14,719
Production ... 7,827,353

7,842,072 (a)
Exports ... 637,919
Seed wheat 480,142

1,118,011 (b)
Total Consumption :—

Difference between (a) and (b) .. 6,224,061
Population 3 5 000 968,886
Per capita consumptlon 64

The calculation should prove a sufficiently close
approximation to be reliable; for the period over which
it was made is of such a length as to eliminate yearly
disturbances, and, moreover, as shown by statistics of
price and production, the period is a normal one. The
exports at the beginning and end are not strietly rele-
vant to the calculation, for it is not certain how far
exports in 1904 were confined to the crop of that year,
whereas the exports of 1914 may contain some of the
crop of 1913. But these errors act in opposite diree-
tions, and as such, being unbiassed errors, their relative
importance is not great.

From this caleulation it appears that the amount
required for home consumption is considerably more
than six million bushels, and a glance at the statisties
of production for recent years will show that this
amount has not been reached at several harvests. Thus
in 1902 only four million bushels were produced, while
in 1907 and 1908, and again in 1913 and 1914, the
amount fell short of what, acecording to my estimate,
was required for consumption by about 500,000
bushels. Importation to this amount was not resorted
to because of the relatively large supplies of previous
years in each case, a certain amount of which
apparently was held over. Nevertheless, it is obvious
that on the occurrence of a number of ‘‘lean’’ years
in suecession such importation would be necessary.
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8. The Markets of the World.

The marketing of a commodity so universally con-
sumed as wheat is certain to vary greatly in different
countries. The market for wheat in some countries
displays all the features of the most highly specialised
market created by the mechanism of exchange under
modern economic conditions, while in others it is
wholly unorganised and little in advance of medieval
conditions. Sale by grade, future dealings, the rise of
speculative dealers, the modern corn exchange, these
are the characteristics of a market such as that of
Chicago. But the organisation of marketing does not
concern us here so much as the geographical distribu-
tion of markets. The markets may be divided into
two classes:—

(1) Those which require foreign supplies to meet
the home demand. These markets are situated for
the most part in Europe, but in the Far East a small
demand for foreign wheat has grown up.

The comparative strengths of these markets may be
seen from the following table, showing-average annual
production of wheat and average annual imports of the
chief importing countries during the last three
decades :—

TABLE I.
Average Annual Pro- f Average Annual
duction in Millions of .. Imports in
COUNTRIES Bushels Millions of Bushels
1881 | 1891 | 1901 | 1910 (| 1881 | 1891 | 1901 | 1910
to to to to to to to to
1890 | 1900 | 1910 | 1914 I 1890 | 1900 | 1910 | 1914
United Kingdom ... 76| 60 55 59 || 144 | 177 | 209 | 201
German Empire ... 104 (125 | 183 | 162 | 18 | 41| 70| €8
Belgium ...| 18 16 13 15 21 39 | 46 49
Italian Peninsula ... 118 | 125 | 163 | 187 23 22 38 53
Holland o 16 5 5 5 11 15 20 22
Switzerland ... o 23 4 41 33 12| 15| 17| 16
Scandinavia ... 4 5 6 8 4 721 11| 10
France ...| 301 | 305 | 319 | 317 39 36 10 | 43
Iberian Peninsula ... 107 | 99 | 131 | 130 9 10 12 6
Union of 8. Africa ..., 2 2 3| — || — | — S
Egypt ... o i 13 20| 35 6 1 6 8
Japan ... o . - | 19 20 | 24 0 1 5 4
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(2) In the second group of markets, that is, those
in which the home supply exceeds the demand, are most
countries of the New World, and in addition several of
the Old World. The chief are the United States, Argen-
tina, Dominion of Canada, Russia, Roumania, Austral-
asia, India, their comparative strengths being shown by
the following table:—

TABLE II.

Average annual production of wheat and average annual exports
of the chief exporting countries during the past three decades :—

Average Annual Pro- Average Annual
duction in Millions of Exports in

COUNTRIES Bushels . Millions of Bushels
1881 1891 | 1901 | 1910 1881 1501 | 1901 | 1910
to | to to to {0 to
18% 1900 | 1910 | 1914 | 1890 1900 | 1910 | 1914
Russia 25 ...| 244 | 300 | 461 | 817 87 | 104 ’ 142 | 164
United States ...| 427 | 559 | 657 | 685 || 116 | 178 | 125 | 107
Argentine .| 24 65 | 130 | 147 4 37 84 82
Canada .. 88 551110 | 197 I l 42| 95
Roumania ... | 42 52 73 | 88 21 a7 | | 42 55
Australasia ... ..., 85 87} 63| 98 9 7 29| 58
India ... ...| 259 | 243 | 294 | 350 33 23 | 27 50

From these tables may be drawn certain definite
conclusions which will be of assistance in discussing
the development of the wheat industry in New
Zealand, despite the faet that the annual production
of wheat in the Dominion has never been more than
a fragment of the world’s crop.

The great market for wheat lies in Western Europe,
though that continent produces more than half the
world’s erop. The tendency in this area is for pro-
duction to fall relatively to advances in total produc-
tion, population, and the progress of civilisation, and
even in some cases there has been an absolute decrease
in production. TUntil reecent years the United States
of America was predominant in this market, but her
exports are now on the decline, while those of Russia
and Roumania are increasing, and there has been a
remarkably rapid inerease in production in Argentina,
Canada, and Australia. This expansion is one of the
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features of the statistics, and there is evidence that as
wheat-growing areas these three countries have a
great future before them. Lastly, it is noticeable that
although wheat production has increased greatly, the
supply has never been too great to find a market, and
it is becoming increasingly evident that the demand
will become more intense as Western ideas and practice
become more established in the East.

4. Technique of Marketing.

Before discussing the question of marketing in New
Zealand a brief account of the American method of
placing the wheat crop on the market should be of
interest. The practice of marketing millions of
bushels of wheat within six or eight weeks after
harvesting, the storing of millions of bushels at the
local elevators, primary markets, and seaboard, the
rise of grain exchanges, are developments of recent
times in the United States, and they form the basis of
the complex but efficient method of marketing the
great cereal crops. The use of elevators renders the
cumbersome method of handling wheat in sacks un-
necessary after it has left the farm. Further, it
encourages the complete development of a grading
system, which in turn gives rise to the grain exchange.

The buyer of wheat is always situated within
hauling distance of the producer. Two great classes
of buyers are in existence—the local grain dealers and
the dealers representing the terminal grain buyers. The
latter class has been the main controlling factor in
the producer’s grain market. The railroads generally
rely upon these two classes to provide the country
with elevator facilities for receiving and shipping
grain, and co-operate with them in this by furnishing
them with adequate transportation faecilities.

The grain is delivered at the nearest railway station
after threshing, and there it is graded by inspectors
appointed by the Government or the Board of Trade.
After the wheat has been assigned to a certain grade
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it is set aside for a few days prior to mixing with the
rest of the wheat in that grade, for the purpose of
allowing the producer to dispute the inspector’s
decision. At the end of these few days of grace the
wheat is mixed with quantities of the same grade and
intimation that it has been received is forwarded by
telegraph to the great markets of the States. At the
same time the producer is given a receipt for the
amount he has delivered at the depdt. These official
receipts can be readily turned into cash at the local
banks, and thus are instruments of credit to the
farmer. At the Central wheat markets most sales are
made by grades in the absence of actual samples. The
great markets of the United States are at Chicago,
New York, Minneapolis, Duluth, and Kansas City,
where vast quantities of wheat are bought and sold
each year.

Chicago, though not strictly a world’s market for
wheat as indicated above, is the greatest wheat market
in the world, the sales amounting to as much as
250,000,000 bushels in a year. The actual wheat
received at Chicago is probably about 25,000,000
bushels; but the system of dealing in futures is so
well developed that the sales amount to about ten
times this quantity.

The term ‘‘future’’ is defined by Emery as a ‘‘con-
tract for the future delivery of some commodity,
without reference to specific lots, made under the
rules of some commercial body in a set form, by which
the eonditions as to the unit of amount, the quality and
the time of delivery are stereotyped and only the
determination of the total amount and the price is left
open to the contracting parties.”’*

The different types of speculation which the system
of ‘“futures’’ gives rise to and the influence of these
on prices is not strictly relevant to the present discussion,
but will be returned to when the factors entering into
the determination of price are being discussed. It

*¢¢Speculation’’ page 46.
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remains here to indicate the way the system asgists in
the marketing of wheat.

By dealing in ‘‘futures’’ the merchant who buys large
quantities for sale at a future time, can insure himself
against loss in the event of a fall in price. Thus, suppose
our merchant sells to a speculative buyer a similar
quantity of wheat to be delivered at some future time,
then, if prices drop, he can buy up a quantity at reduced
prices to fulfil the engagement, and so recoup himself
of any loss incurred by his former transaction. In
practice he does not deliver the wheat to the speculative
buyer, but the transaction would be completed by the
speculator paying to the merchant the difference in value
due to the fall in price.

At all the other great markets in the States, the system
of ‘‘futures’’ is a distinctive characteristic, but has not
reached such a stage of perfection as at Chicago. The
marketing of wheat in the United States of America must
be considered merely as loeal gathering, for no outside
wheat is sold on the exchanges. Therefore, while Europe
buys supplies of wheat on, say, the Chicago exchange,
this exchange is not a world’s wheat market in the same
sense that Liondon, Liverpool, and Amsterdam are.

The development of marketing in Canada follows
closely that of her neighbour, and the Canadian system
approaches that of the United States in efficiency. But
in Russia the methods are very imperfect, though there
is some progress towards the American system. The
marketing of wheat in India and Argentina is similarly
very cumbersome and uneconomical, and the oppor-
tunities for fraud and injustices are at a maximum.
Until some progress along American lines is made these
two countries will be under a great disadvantage in
selling wheat.

5. Marketing in New Zealand.

The New Zealand system of marketing is somewhat
cumbersome ; but, while it causes inconvenience in many
respects, it ensures justice and equity in most cases.
The yearly production of wheat in New Zealand does

A2
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not warrant the establishment of such institutions as
exist in the United States of America for the marketing
of wheat. Sales are ecarried on in the leading provincial
towns by samples, the producers themselves approaching
the buyers (millers for the most part) and endeavouring
to secure a good price. The great disadvantage of
the system arises from the fact that a great many
farmers require immediate sale, and consequently there
is generally a slump in prices in the late autumn, owing
to the fact that millers have plenty of wheat. Reasoning
d priort, it is obvious that the price should show little
improvement during the winter months, but commence
to rise slightly in the spring. In some years, on account
of bad weather at threshing time, there may still be
sufficient wheat on the market, owing to spring threshing,
to stop this upward tendency or even to cause a slight
fall. The summer months should witness a substantial
rise owing to a general searcity, but the approach of the
harvest in autumn once more brings prices down.

Turning to statistics of actual price movement, we do
not find these deductions represented in all respects.
From a table of monthly prices covering the period from
February, 1898, some interesting observations may be
made. A glance at the table will show that in four
single years the cereal years (February to January)
1902-3, 1909-10, 1911-12, and 1913-14, the course of
prices from month to month followed the directions
indicated above. But in the other 12 years the result
is vitiated by a fall commencing in summer, just at the
time when scarcity is acute. Taking the average for the
16 years we get the following actual prices:—

Average monthly prices over the cereal years from
February 1898, to January, 1914 :—

February, 3/5%; March, 3/6%; April, 3/5; May, 3/5%; June,
3/6; July, 3/6%; August, 3/61; September, 3/6; October, 3/7%;
November, 3/7%; December, 3/6%; January, 3/5%.
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The movement can best be studied from the graph.
Here a fall is noticed in the harvest when wheat is
plentiful, after which a slight rise occurs until early
spring when price drops a little. But the expected rise
soon follows, and during November price is fairly steady,
with a slightly falling tendency which develops into a
rapid fall in December. This fall, which is maintained
throughout January and February, and continued into
March, may be accounted for by the fact that farmers
are offering their crops in advance. It is significant
that such“a fall is distinetly in favour of the millers,
who are able to command a strong position. But the
influence of the Australian harvest on prices in New
Zealand is an important factor in some seasons.

It is highly probable that the assurance of the success
of the Commonwealth crop has a depressing effect on
the market in New Zealand. But when all things are
considered the conclusion is forced upon us that wheat
prices vary only slightly from month to month in normal
years, and it is doubtful whether it would pay the
average farmer to store his wheat until the period of
highest prices, which usually oceurs in the early summer.
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CuaprTER II.

THE PRODUCTION OF WHEAT.

1. Geographical Distribution of Wheat Producing
Areas.

Throughout the vast expanses of the temperate zones
the production of wheat has been by far the most general
agricultural pursuit, from the point of view, not only
of the universality of its cultivation, but also from the
absolute amount of land, capital, and labour devoted
to its production. Practised by the Ancients when the
seat of civilisation was centred in Southern Europe, its
cultivation was the leading occupation of agriculturists
in Western Europe in Medieval times. Finally, as the
spread of civilisation moved to the Western World, wheat
growing accompanied it, and indeed, almost preceded it.

For the present purposes of classifying producing
areas, it will be best to divide the areas into two great
subdivisions, viz., those in the Northern Hemisphere, and
those in the Southern Hemisphere.

(a) Northern Hemisphere.— Two great producing
areas are distinguishable in this sphere, one situated in
the Old World, and the other in the New World. The
former area has been the centre of wheat cultivation for
nearly two thousand years, and at present produces more
than half the world’s wheat crop. Throughout the
whole of Europe wheat growing is practised universally,
and in most countries it is still the premier agricultural
pursuit, despite the fact that wheat is imported in
increasing quantities year by year,

The area further extends into Southern Asia and
Northern Africa, while Japan in the Far East is
assuming a position of increasing importance as a pro-
ducer of wheat, and the unbounded resources of the
Steppes of Siberia, even now producing more than 150
million bushels per annum, contain unknown possibilities
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for the culture of wheat. Of these areas the most
important one is that of Siberia. Unfortunately, this
country contains no immediate facilities for greater
production at present, but expansion has been going on
steadily, and, as the greater part of the soil is still in
a virgin state, the progress of higher civilisation will
soon more than double the output.

It will be seen that the producing area in the Old
World cannot be defined within any precise limits, but
is distributed evenly over the whole with the exception
of Central Asia.

The second great area in the Northern Hemisphere
is situated within more or less indefinite limits. The
~ United States is well suited throughout for wheat pro-
duction, and it is only in those States where a more
lucrative pursuit is forthcoming that the annual output
is small. While production is more or less general, two
well defined areas are discernible at present:—

(1) One situated in the North Eastern States,
extending about 800 miles inland, and south
from the Great Lakes about 500 miles.

(2) One situated in the Central States, comprising
a large oblong-shaped tract of land about 300
miles in width and 1000 miles in length.

Canada is the most advantageously situated country
in the world for immediately increasing her output; for
the wheat producing area is centred around the Great
Lakes, only about 5 per cent. of the land available
for wheat being used at present. The provinces of
Saskatchewan, Alberta, and Manitoba, comprising some
150,000,000 acres, are the best lands, and adequate trans-
portation facilities are all that are necessary for full use
being made of this land.

(b) The Southern Hemisphere—Two great producing
areas are found in this sphere, but the magnitude of
their production is not fully realised in the Old World
on account of their somewhat isolated position, combined
with inadequate facilities for the economic production
and distribution of wheat.

Argentina is admirably suited for wheat culture on
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account of her rich virgin soil and temperate climate.
Her importance as a wheat-growing country has doubled
during the last decade, and is likely to imecrease still
further at a rapid rate on account of ever increasing
efficiency in production.

The area for the production of wheat in Australia
is considerable; but distance from a foreign market
diminishes the importance of this area. Nevertheless,
considerable quantities are exported at a time when the
new crops in the Northern Hemisphere are still growing,
and consequently Australasia occupies a position of some
importance among wheat growing countries of the
world.

From a survey of the areas it will be seen that by far
the majority are situated north of the Equator, and of
these the greatest is in Europe. Official* figures show
that the Northern Hemisphere produces about 95 per
cent. of the World’s wheat crop, while Europe itself
produces over 50 per cent. The following table will
show clearly the principal countries and their order of
importance for the last decade:—

TABLE 1IV.

Annual Average Production of Wheat in each Country During
the Years 1910-14.

Country. Production in
Million Bushels.
United States % o5 685
Russia (mcludmg Slbena) % 50 817
France 4 00 0% 317
India e i g 350
Austria- Hunga.ry .. 33 oo 232
Ttalian Peninsula g 313 e 187
Germany 20 oo x 50 152
Iberian Peninsula 00 £y 54 130
Argentina .. 3 3 00 147
Canada o1 8 - o 197
Roumania % e o b 88
Australasia .. = = A5 98
United Kingdom A 43 5. 59

*The International Institute of Agriculture, Rome.
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Note on the Reasons for Discussing Wheat Production Abroad.

The discussion of the geographical distribution of wheat
areas is of considerable importance in any work on the wheat
industry, and more especially in the case of this particular
essay, where the possibilities and probabilities of New Zealand
in this direction are under comnsideration. For general purposes
it is imperative to know what are likely to be the probable
supplies available from month to month in any given market,
and it is at once obvious that this can be gained only by
considering how widely wheat producing areas are distributed
over the world. For the partieular purpose of the present work
the comprehension of many important problems will depend
very largely on the complete understanding of our Dominion’s
relationships with the great wheat producing areas of the world,
and many references will be made throughout to this branch
<f>f the work, and conclusions of profound importance drawn

rom it.

2. Description and Explanation of Areas.

For purposes of comparison a brief survey of the
conditions prevailing in some of the great wheat-
producing areas is relevant to the discussion. These
conditions vary greatly in exporting countries, but the
importing countries may be considered as a whole, as
they represent a well defined area in Western Europe.

(a) Ezporting Countries.— We shall consider the
United States of America first, not because it occupies
the premier position as a wheat producer, but on account
of the fact that it is the most perfect in its organisation,
and consequently serves, to some extent, as a standard
for comparison.

The natural conditions in the United States of America
are suitable for wheat culture. Vast expanses of natural
prairie have been gradually broken up, and the fertility
of the soil ranks among the best in the world. In the
two great wheat producing areas noted above, the climate
is continental, being sufficiently warm in summer to
foster the growth of most cereals. For the Central States
an average temperature of 72° for the summer and from
35° to 45° for the winter is experienced. The rainfall
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is admirably suitable for the growth of wheat owing to
the fact that abundant rains are common in spring and
early summer, while a dry autumn renders harvest
operations free of risk.

The method of cultivation has been extensive, and
owing to diminishing returns the margin of production
has gradually moved from East to West. But more
intensive cultivation is being taken up owing to the
economic pressure of an inereasing population, and the
evolutionary law of increasing returns is being illus-
trated, resulting in the centre of production gradually
coming back from West to East. Moreover, on acecount
of the increase of population combined with the increase
in consumption both absolutely and relatively, larger
supplies are being required annually, and consequently
the United States of America is already a declining
factor in the world’s wheat market.

In the wheat producing areas of Russia natural
conditions are not less favourable to production than
in the United States of America. Immense undeveloped
tracts of land similar to those in the wheat belt of the
United States of America constitute an ideal field for
wheat production, while climatic conditions are equally
advantageous. But this similarity to the United States
of America in natural resources is counterbalanced by
dissimilarity in political practice, social theory, and
economic conditions. The general ignorance of the
people, poverty combined with absolute indifference to
improvements in cultivation and production, the depen-
dence of the Russian proletariat, and the oppression of
the wealthy, all engender inefficiency, and retard the
rate of progress.* ,

Canadian land and climate are so favourably situated
for the efficient production of wheat, that very high
qualities are produced. Copious rainfall in the growing
season followed by a dry autumn, are the chief features
of the climate, while the soil is of the heavy black type,
so favourable to the growth of wheat. In India and

*Written before the events of 1917.
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Argentina too, there are large areas suitable for wheat
growing, but the methods of production and the lack
of transportation and marketing facilities leave room for
vast improvements in these areas.

Of great interest to New Zealand is wheat pro-
duction in Australia. Neither the nature of the soil
nor the general climatic conditions offer superior
advantage to this country for the growth of wheat. The
soil in the wheat districts is not of the rich black type
found in Russia and Canada, but of a more light loamy
character, while the rainfall in most parts is not only
relatively light, but shows great fluctuations from year
to year, thus causing wheat growing to be rather a
precarious pursuit. The graph I have drawn for the
composite winter rainfall at several stations in Vietoria®*
is sufficiently illustrative on this point. Thus in 1902
and in 1907 very low rainfalls were recorded, while again
in 1914 only some 23 inches of rain fell in the period—
May to October. The average winter rainfall for the
past 30 years (1884-1914) according to the graph is not
quite 10 inches—a very low figure for wheat growing, as
the period May to October is the full growing period in
Australia, the erop being harvested in November and
December. But profitable wheat production is the result
of a number of miscellaneous factors, and despite the
fact that Australian land and rainfall are not con-
ducive to high yields, the country is able to maintain her
position as a producer, and is indeed becoming of ever-
increasing importance.

To counterbalance the disadvantages which are
experienced on account of relatively poor land and
low rainfall with their consequent low yield, Australia
has an advantage from the point of view of cost of
production. The dry nature of the soil renders tillage
cheap and easy, and the long spell of dry weather at
harvest cheapens harvesting operations enormously.
Harvesting is done for the most part by a combined

*And Victoria is favoured more than any other State by
Nature in regard to rainfall. See page 47.



20 WHEAT PRODUCTION IN NEW ZEALAND

harvester which ‘‘strips’’ the wheat crop and threshes
it out immediately—the total cost for harvesting being
about 6s. 6d. per acre, according to an estimate in the
Agricultural Gazette of New South Wales for November,
1914. The total cost aceording to the same estimate is
about 2s. 1d. per bushel. It is because of these cheap
methods of production that Australia is able to maintain
her position as a producer of wheat.

The extent of the possible area for wheat cultivation
in Australia is shown by the following table taken from
the Agm’cultural Gazette of New South Wales for June,
1915, and is based on the following assumptions:—

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

(2) That the proportion of land suitable for, or
available for wheat production is about one-
fourth of the total area over which this 10-inch
rainfall is experienced.

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

(4) That only four out of the six States participate
in the expansion.

TABLE V.

Possible areas (in million acres) and yields (in million bushels) in
the four principal wheat producing States of Australia:—

' @)

Koon with e, S B Adaper |  ®

STATE over 10 ins.| 753 S Area acrefor | Annual

S Hlaiin ] ek | e | ASLC LTS
Season | Erowing B 19045 fo
1913-4:

Acres Acres Acres Bushels Bushels
New South Wales| 105 26 21 11-61 243
Victoria 48 12 10 11-55 110
South Austraha. 30 8 6 1019 61
West Australia ... 60 15 12 10-77 129
Total ...| 253 61 50 11-21 543

In this table column (2) is taken as 25 per cent. of
column (1) on account of waste land and  poor soil
within the 10-inch isohyet, while column (3) giving the
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actual area possible for grain is taken as 80 per cent. of
column (1), because about one-fifth of the total crop
each year is devoted to the production of hay and chaff.
Column (5) is the product of columns (3) and (4).

The actual wheat production for Australia is given
in the following table:—

TABLE VI.
WHEAT PRODUCTION IN AUSTRALIA, 1916-17.
AREA YIELD YIELD PER
STATE . (Millions of (in Million ACRE

Acres) Bushels) {in Bushels)
New South Wales 35 367 104
Victoria 81 51-1 164
Queensland ... ‘2 2.5 108
South Australia 2:8 438 158
West Australia 1.6 16°1 103
Tasmania 03 -85 12-6
Total ... ool 11-23 150°55 13-4

(b) European Area—This area, extending over the
whole of Western and Central Europe, comprises almost
all the importing countries, while Roumania is the only
exporting country of any importance. The whole of
the area has been cultivated for the production of
wheat for several centuries, and consequently cultivation
assumes the mark of intensity in opposition to the
extensive methods prevalent in the other countries which
we have been considering. The law of diminishing
returns has for some time been in operation, but owing
to the greatly increased demand which has pressed down
the margin, wheat growing is still a highly remunerative
pursnit, and the area produces more than half the
world’s supply.

The conditions under which the cereal is produced are
much the same over the whole area. A favourable rain-
fall in the growing season with a hot sun in the ripening
period goes far to counterbalance any disadvantages
which are experienced on account of soil exhaustion.
Moreover, this latter difficulty is overcome to a con-
siderable extent by artificial manuring, a skilful rotation
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of crops, and a careful method of cultivation. The
prevalence of small holdings on the Continent adds
greatly to the efficiency of methods of cultivating the
soil. In many places—notably in France and Germany
—high farming, par excellence, is practised, and much
of the modern farming machinery has been adopted. As
we move further south to Austria and the Balkan
States, the adoption of modern facilities for wheat
production is not so marked, but still the same intensive
cultivation is practised.

In England the farms are somewhat larger than those
on the Continent, but the methods of producing wheat
differ very little, as each farm in England employs
sufficient men to produce on an intensive scale.

(¢) Yield per Acre tn the Chief Producing Areas.—
The yield per acre throughout the area is relatively
high, but there is scope for improvement in some parts.
Belgium has the highest yield, with an average of 35-9
bushels for the period (1901-11), and the United
Kingdom third-with 81-6. The following table shows
the average yield per acre for the ten years (1902-11)
of the chief wheat producing countries of the world.

TABLE VII.
Average Yield per Acre for Period 1902-11 in Leading Countries.

Country. Bushels

per acre.
Belgium 94 30 ac oo 35-9
Netherlands o+ ¥, B 334
United Kingdom o9 o0 o0 32-0
New Zealand 1% o s 31-6
Germany & Jd oc 55 297
France on 38 ol 50 19-7
Hungary o 34 o = 19-2
Austria ot e e v 189
Canada 4 ", - bty 18-2
Roumania .. 4 0l 3& 170
United States vs 5 33 136
India S o = e 11-4
Australia 4 n B ™ 11-2
Argentina .. & - 55 10-8
Siberia =2, X7 3 < 10-4

Russia = K e Lo 9-5
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The table has been compiled from Annual Statistics
given in the Year Book for the Commonwealth of
Australia, and illustrates well the different methods
of cultivation which are adopted in the different
countries. With the exception of New Zealand no new
country has a high yield, while the yields of most of
the European countries are relatively high, showing that
wheat 1is produced on an intensive scale. The great
exceptlon is Russia, and so low is the yield here that
it is obvious that Wlth the dawn of higher civilisation
this country will produce enormous quantities.

3. Conditions Necessary for Profitable Production.

In seeking to investigate the present situation of the
wheat industry, it is necessary to take a survey of the
conditions under which the most efficient production
can be engendered. The belief that haphazard and
careless methods of production will afford sufficient
yields to make the pursuit lucrative is far too prevalent,
and although New Zealand farmers have departed very
far from primitive methods, no more effective answer
can be given to their cry of inability to profit by wheat
growing, than that they do not realise sufficiently the
advantages of superior cultivation which their education
and environment in a democracy warrant. A brief
consideration of these conditions shows them to be as
follows :—

(a) Soil and tts Amendmenis—(1) Chmce of soil.—
The character of the soil affects the yield ‘and quality
in varying degrees. Wheat soils may be divided into
three main classes:—

(1) Heavy black soil.

(2) Clay soils usually light in colour; tenacious
in texture, and requiring careful cultivation.

(3) Loamy organie soils.

Russia abounds in the first type, and the last two
are found in plenty in the United States. All these
can be found in New Zealand, at North Otago, South
Canterbury, and North Canterbury, in the order named,
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though the variations are not distinet. Consequently
we should expect to find different methods of cultivation
and different kinds of seed sown, but such is by no
means the case, and here then is one reason for a
declining industry.

(ii) Use of Fertilisers.—No greater evidence of the
operation of the law of diminishing returns ean be found
than that the problems of artificially fertilizing the land
are claiming attention in many countries of the World.
It is not within my purpose in this paper to indulge in
the technicalities arising from the more detailed aspect
of the subject. To the chemist and agriculturalist will
be left the consideration of the compositions of various
manures ; but for the purposes of considering the whole
economic view it is often incumbent upon the economist
to enter the domains of the physical and natural sciences.
Hence the few speculations made upon the advantages
of fertilisers must not be looked upon as a treatment of
the chemistry of the subject.

Two methods of adding plant food to the soil are at
once apparent.—(1) Direct: (2) Indirect.

(1) Direct.—The greatest problem with which the
farmer has to contend in this respect is the provision
of suitable quantities of nitrogen in the soil. It is the
superiority in this respect which the Russian black soils
and the virgin soils of Canada and the United States
enjoy that makes them the home of wheat growing.
Zealand soils generally are not of a black free nature,
but contain comparatively low proportions of nitrogen,
and when farmers realise this, better prospects will be
in view. For the production of wheat on the most
efficient basis, the soil requires now in most countries,
in addition to nitrogen, complete mineral manures
containing phosphorus, calcium, and potassium.

Naturally, manuring for wheat was for many years
thought to be quite unnecessary in New Zealand, because
of the residual fertility of the soil. When, afterwards,
manuring was commenced, the English practice in the
application of nitrogenous manures was copied, and was
found to be non-effectual, or at least uneconomical.
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Manuring cereals then ceased, until it was found that
the warmer and drier summers experienced here allow
of the nitrification of the waste organic matters in the
soil to such an extent as to provide a sufficient supply
of nitrates for satisfactory plant growth.

In the search for the element necessary for plants
and least plentiful in the soil, phosphorus was some
ten years ago found to be of great advantage, and phos-
phates are now being used to an increasing extent
to counterbalance the exhaustion of the soil due to
cropping.

(2) Indirect.—The indirect method is of special
importance to New Zealand conditions; for the Dominion
is very well adapted to mixed farming. Two ways of
employing this method may be used, by a system of crop
rotation or by the grazing of animals on wheat lands.
In practice they are employed together when opportunity
offers. There are various systems of crop rotation, but
it will suffice to describe one and point out its advantages.
A rotation may begin with a root crop, usually turnips,
manured with phosphates. This crop not only gives an
opportunity for cleaning the land but it provides
excellent winter feed when supplemented by hay or,
more commonly, wheat straw. The residue left then
provides an excellent manure. After the turnips are
eaten off the farmer prepares the soil for a crop of
barley or oats, as it is now too late to sow wheat. The
land is ploughed, but the ploughing is‘only a shallow
one, so that the water stored in the deeper layers of the
soil which have been solidified by the trampling of the
sheep may not be disturbed. Clover and grasses are
sown among the barley or oats so that they may take
firm root whilst the latter is growing and ripening. The
crop is harvested in the autumn, and the young clover
and grasses establish themselves during the autumn or
winter, and produce a crop of hay the following year.
This is harvested in midsummer, and the aftermath
forms an excellent antumn grazing for the sheep and
cattle which are to be fed the next winter.

In the autumn the ground is ploughed again, and
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cultivated ready for wheat, which should be sown before
winter sets in, so that the young plant may come up and
establish itself before the cold frosts commence. The
wheat spends the winter in root development, and does
not make much show above the ground until the spring.
After harvesting the crop in the autumn the farmer
again ploughs the land, after which it is left until the
spring. It is ploughed again then, and between this
ploughing and the sowing of a root crop, it undergoes
a thorough cleaning.

Such, then, is the complete rotation, and it is obvious
that it is adapted only to countries where intensive
methods of cultivation are in operation. Among its
numerous advantages we may note that the system
provides excellent conditions for growing both wheat
and barley or oats in districts where the rainfall is
inclined to be deficient. Not only is an abundant supply
of nitrogen provided for these crops through the medium
of the cake purchased for the stock, but the solidification
of the deeper layers of the soil ensures the retention
of the winter’s rain for the use of the crop during the
dry summer. Then, again, the residue of the phosphates
and potash applied to the root crop and left in the soil
when that crop is removed, provides for the mineral
requirements of the cereal crop. Furthermore, rotation
husbandry also distributes the labour of the farm over
the year.

A modified form of this type of rotation is easily
applicable to New Zealand conditions, but would require
more labour than is obtainable at present. The home
of this rotation system is in England, and some of the
thickly populated countries of the Continent, and with
what results can readily be comprehended by a glance
at the table of yields for the different countries; for
several of these countries produce over thirty bushels
per acre. If New Zealand can produce a yield of over
thirty bushels per acre on a system bordering between
intensive and extemsive cultivation, how much greater
would be her yield if the above rotation were adopted?

(b) Climate—Wheat has a very wide climatic range,
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its range of successful cultivation extending from regions
bordering on the tropics—such as California and India,
almost to the Arctic circle, as in Siberia and Northern
Canada. Most countries in which its growth is practised
have cold winters and moderate summers. The most
noteworthy fact about this aspect of the subject is that
the range of successful culture is gradually extending
into colder regions, which shows that wheat possesses a
certain power of adaptation to its environment.

A cool, prolonged, but not too wet spring, followed by
moderately dry, sunny weather, during ripening, is most
favourable to the largest yield of best quality. The
most favourable ripening requires a mild temperature
with a slightly clouded sky. All these attributes New
Zealand possesses in a remarkable degree, and the
relation of yield to them will be considered later.

The rainfall is an important matter—wheat being very
sensitive to extremes of drought or moisture. The most
suitable rainfall ranges between 20 and 30 inches, but
good quality wheat can be grown with from 15 to 20
inches in quantities up to 20 bushels per acre. These
conditions prevail in Australia, but New Zealand here
again possesses the necessary attributes almost perfectly.

(¢) Cultural Methods—Too much stress cannot be
laid upon the importance of a careful cultivation. Not
only does tillage render the seed-bed specially adapted
te growth, but by cultivating in the right way at the
right time moisture is conserved in the soil and the
growth of weeds discouraged. A fine but firm seed-bed
is necessary for efficient production. For the methods
of cultivation ploughing, discing, harrowing, ete., a great
deal depends upon the character of the crop which the
land has just produced. For instance, after grass or
clover the land should be skim ploughed in early March,
and left for six or eight weeks. Then cultivation should
proceed with a firm discing and then deep ploughing,
etec. No attempt is going to be made here to treat this
part of the subject in elaborate detail ; but from the few
facts noted it is hoped that sufficient weight has been
given to the necessity for careful and continuous
cultivation.
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(d) Harvesting.—Here, again, it is of the utmost
importance that the farmer pay attention to the methods
he employs, and the time at which he performs the
different operations. Harvesting operations commence
in New Zealand from January onwards, and many con-
siderations influence methods adopted. For instance, the
prevalence of hot winds in Canterbury, very often assum-
ing the character of gales, necessitates a somewhat prema-
ture cutting, which places the farmer in rather a pre-
carious situation should a heavy fall of rain occur. The
cheapest method of harvesting is the use of the combined
harvester and thresher, a large ungainly machine, drawn
by 18 horses, and requiring 5 men to work it. It possesses
the advantage of eutting and threshing all in one opera-
tion, and consequently can be used only where the climate
permits the wheat to become very ripe without fear of
losing it by shelling out on the ground. It is commonly
employed in the Western United States and Australia.

Harvesting operations in New Zealand are somewhat
more expensive than elsewhere, as we shall see when
considering the cost of production. It will suffice here
to point out the method used. English methods pre-
dominate, the crop being cut by a reaper and binder
and then stooked. After two or three weeks it may be
stacked and then threshed, but very often ‘‘threshing
out of stook,”” where the drays cart it straight to the
mill, is the method used. Given favourable weather, the
method is very efficient in producing good quality, but
not infrequently autumnal rains prolong the period of
harvesting so long as to curtail profits very considerably.

(e) Marketing. — In Chapter 1. we discussed the
question of marketing. There remains little further to
say on the subject save again to stress the important
place which marketing holds in the efficient production
of wheat. The most suitable method for large scale
production is the use of elevators, but in a country
like New Zealand where comparatively small quantities
are produced, their use is impracticable, and all wheat
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has to be handled in sacks. But where good roads are
formed and efficient railway facilities are provided, the
method is followed with success. Under this head, too,
it is necessary to note that firsthand knowledge of market
prices in various centres is more than important. This
can be secured through the public press, provided that
the information is supplied from official sources, and it
certainly ranks as a factor in the efficient production of
wheat.

In conclusion, certain factors require passing notice.
While the prevention of certain pests should excite the
farmer’s attention, the choice of varieties of wheat is
a matter of no less importance. New Zealand produces
the Tuscan varieties best, while Hunter’s is a very good
all round wheat. Velvet and Pearl require good soils
and are liable to be threshed out with the wind.*

The establishment of agricultural colleges and experi-
mental farms by the Government is prevalent in most
wheatgrowing countries. These are benefiting producers
very considerably, not only from the point of view of
the advice they give as to methods of cultivation and
scientific farming generally, but also in fostering the
growth of varieties specially adapted to the particular
environment.

*See Dr. Hilgendorf’s Chapter on ¢ Wheat Breeding,’’ p.79.
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Caaprer IIL

GENERAL CONDITIONS IN NEW ZEALAND.

Throughout the preceding chapters of this work great
prominence has been given to the fact that various parts
of New Zealand are specially adapted for the production
of wheat. We shall here consider these qualifications
in comparison with those of other producing countries.

1. Suitability for Wheat Production.

“‘The Dominion of New Zealand is a country specially
favoured for primary production. The soil covering
is varied in character, a considerable portion of it being
of exceptional fertility, and even the poorer soils are
often capable of profitable utilization by reason of the
comparatively mild and equable weather conditions.”’*

(@) The North Island.—This Island is remarkable
for the congenial environment it furnishes for many
phases of production. The fertile province of Hawke’s
Bay provides, perhaps, the best sheep grazing country
in the world, while many parts of the West Coast
furnish ideal pastures for dairy cattle. Although the
Island possesses many natural qualifications for wheat
production, as we shall see when considering soil and
climatic conditions, attention has been diverted into the
more profitable pursuits of dairying and sheep farming,
furnishing a remarkable example of the tendency,
established by the theory of International Trade, of
countries to specialise in that for which they are most
advantageously adapted.

(b) South Island.—The South Island was the portion
of New Zealand where agriculture was first established
to any considerable extent, settlement here being greatly
facilitated by the presence of large fertile plains, and
rolling downs and hills devoid of forests and other

*New Zealand Official Year Book (1914) p. 569.
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natural encumbrances. Except for certain portions
of the Southern part of the Island the climate enjoyed
is second to mone in the temperate zone, mild winters
and warm summers being the chief characteristics.
‘While stock raising is the main rural industry, grain
growing is pursued on a considerable scale. The chief
grain growing areas are Marlborough in the North,
Otago in the South, while the Canterbury Plains,
extending over an area of 3,000,000 acres, produce large
quantities of wheat annually. Such is the character
of this area for wheat production that yields often
average 35 bushels per acre, while between 80 and 90
bushels per acre have been registered on individual
fields at times. From such a general survey it is at once
obvious that our Dominion possesses qualifications for
agriculture of no mean importance.

(¢) The Producing Area—In considering in detail
the general conditions under which wheat is produced
in New Zealand attention for the most part will be
confined to Canterbury and North Otago. I have chosen
this area for the centre of my investigation because, in
reference to wheat production, no other area in New
Zealand is of immediate importance, though there is no
doubt that were wheat growing to become relatively more
lucrative than pastoral farming, in many parts of the
Dominion there would be found conditions very well
suited for profitable production. This area, composed
of the Canterbury Plains, the Downs of South Canter-
bury, and those of North Otago, is our present wheat
producing area, and I propose to-confine my attention
mainly to these districts.

In order to illustrate the relative importance of this
area, 1 have prepared a graph comparing the sum of
the areas in cultivation for Canterbury and Otago with
the total area for New Zealand, and the result is both
remarkable and illustrative. It is remarkable in that
it shows to full advantage the predominance of this area
in the total area for New Zealand, and illustrative
because of the advantage to be obtained from the graph
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in common with most graphs but outstanding in this
one, in that it shows at a glance the position which could
have been obtained from two columns only after a close
serutiny and then but in part. The greatest area in
production outside of Canterbury and Otago was about
45,000 acres in 1899, while in many later years the
difference is negligible, an average of about 5 per cent.
only of the total area not being situated in these two
provinces since 1900.

But a precaution must be observed in interpreting the
result as it is depicted by the graph, for it tends to
exaggerate the position. If we observe the lines only
the perpendicular distance between them is very small.
But this does not measure the real result; for this we
have to look to the vertical distance between the peaks
of each graph. Were this precaution not observed, it
would appear that the percentage area in production
outside of Canterbury and Otago is less than half of
what it really is.

Having now given reasons for choosing a particular
area for investigation, we can now proceed with a con-
sideration of conditions in detail as they are found
there.

2. Soils.

(@) Soil Qualifications—Mr. B. C. Aston, Agricultural
Chemist to the New Zealand Government, after a com-
prehensive analysis of New Zealand soils, eoncludes that
‘“New Zealand is a country remarkable for containing
within a comparatively small land area such a number
of different types of soils that a Continent would require
to be ransacked to discover elsewhere a similar variety.”’
The district of Central Otago contains the richest soils
of the Dominion, but lack of water prevents these being
fully utilised. The fertile Canterbury Plains supply
excellent examples of gravel fans covered with soils of
varying depths and fineness. This area together with
North Otago comprises the greater part of the wheat
producing area of New Zealand, and furnishes an
excellent proof of the fact that wheat has a wide range

B



34 WHEAT PRODUCTION IN NEW ZEALAND

of productive soil. In North Otago there is rich black
soil the fertility of which almost surpasses that of the
great wheat belts in Russia and the United States of
America. Coming further north a large area in South
Canterbury can be distinguished stretching from the
‘Waitaki River to the Rangitata River. The soil in this
area is of a heavy clay type for the most part, being
very suitable for intensive methods of cultivation. From
this area another one can be distinguished stretching
from the Rangitata River to the Waimakariri River, the
soil of which is somewhat lighter, being of a loamy
character. Wheat production here resembles that in
Australia to a considerable degree, though on account
of the differing climatic conditions, harvesting operations
are quite dissimilar. Finally, there is the area north
of the Waimakariri River and stretching as far north
as the Nelson Province. This area is somewhat similar
to that of North Otago, though probably not so rich in
nitrogenous matter, which is a very important factor
in wheat production. But on account of the looseness
of its structure, cultural methods are much easier here,
and consequently more attention is devoted to wheat
growing. Considering the results of the Government
Chemist’s analysis, we find the following instructive
conclusion.*

TABLE VIII.
AVAILABLE PLANT FOOD IN NEW ZEALAND SOILS
Number | Potash Phozgﬁ;)nc Nitrogen
DISTRICT of Samples Rating
analysed | Number No. of No. of
of Samples| Samples | Samples
Otago ... 95 1 3 8 |Deficient
18 21 14 Normal
76 71 78 Good
Percentage
Defioient. | o 1 8 8
Canterbury 3 8  |Deficient
4 8 5 Normal
37 30 33 Good
Percentage }
Deficient Nil 7 7

*New Zealand Official Year Book (1914), p. 5§76.
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This table clearly shows that the soils of the wheat
producing areas of New Zealand contain the ingredients
necessary for the economical and efficient growth of
wheat to a remarkable degree. Few other countries
can compare with New Zealand in this respect. Russian
soil is perhaps richer, while the United States of America
wheat belt possesses many similar qualities. European
areas do not surpass the Dominion in natural fertility,
while Australia and Argentina are on the whole out-
classed by her.

Thus the conclusion is forced upon us that New
Zealand possesses a differential advantage from the fine
qualities and equal distribution of her soil ingredients.
After considering the advisability of making a systematic
soil survey of the soils of the Dominion, we shall turn
our attention to an investigation into the possibilities
of improving the natural fertility of the soil by the use
of fertilisers, both direct and indirect.

(b) A Soil Survey.—In every country water supply
is the most important factor governing the productivity
of the soil. Given a sufficiency of water, the chemical
constitution of a soil is usually of secondary importance.
The textural classification of soils into sands, loams,
clays, ete., is essential in defining their eultural character,
and, if this classification is accompanied by the water
requirements of the soil, we gain some idea of the agri-
cultural value of the land.

The factors eontrolling productivity are of two groups
—water supply, and chemical constitution of the soil—
and if it is necessary to assess the agricultural value of
the land, we must classify the soils according as they
conform to or differ from types, and group the types
according to their water requirements. This latter
requirement is necessary because of the fact that in any
locality with land of a uniform chemical composition
and with a uniform rainfall, the supply of water may
be excessive in one part and defective in another. The
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reason for this is that the texture of the soil varies, the
first part being too dense, and the second part too porous.

In the settlement of new countries those portions
which, by their sufficiency of water supply and their
suitability of soil conditions, lend themselves readily
to agriculture are first settled. This is well illustrated
by the early settlement of Canterbury. When population
increases and new lands must be settled, steps are taken
by individuals for the provision of water supply; but
in the absence of reliable information on the quality and
texture of the soil, much of this work is in vain. What
is necessary is a central institution to colleet information
on these matters before any further work is done. The
Department required may be designated the Bureau of
Soils Department, and could very well be a branch of
the Department of Agriculture, which in many countries
has hitherto been content to deal mainly with farm
produce.

‘““Where soil surveys have been made they have proved
of immense value. The individual farmer can learn
the relationship of the soils upon his own farm to soils
of the same charadcter in other parts of the country. He
can observe and study more closely the methods and
results that have been obtained by successful farmers
upon such soils; he can apply the experience and obser-
vations of others to his own particular needs and
conditions, determine the erop or crops to which his
particular soils are best adapted, and ascertain the
systems of crop rotation, tillage, and fertilisation calcu-
lated to produce the maximum crops from these soils
without impoverishing his farm.’’*

In his 1907 Report the New Zealand Government
Analyst outlined a plan for conducting a soil survey,
of which I shall give a brief summary.

The essence of the plan is the personal investigation
of a soil survey party who shall furnish a report on each

*Mr. Edwin Hall, in a paper read before the A. and P.
Societies” Conference.
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tract of land visited, with reference to six questions:—
. Climatic conditions;
Conditions of surface;
. Geological origin;
Physical and chemical characters;
Flora, native and introduced;
Recogmsed economic ada.pta.tlon

With such information relating to every district in the
Dominion, a systematic report could be furnished which
would give a full description and explanation of all
important matters —such as meteorology, chemlcal
contents of soil, vegetation, ete., relating to the agri-
cultural value of the land, and from which could
be readily inferred the special pursuit for which
the particular lands were hest suited. That such
information would be of distinet economic value is
unquestionable, and it is discussed here at such length
because of its importance. The question opens up an
interesting investigation of which only the outline has
been given here, with the hope that what has been said
will in some way add further to the already realised value
of agro-geological surveys.

PO UUH 0O DO

3. Use of Fertilisers.

It must not be concluded that because artificial
manures are in use in many parts of the country that
the virgin character of our soil is totally impaired by
cropping. Nevertheless, owing to the system of cropping
prevalent in the two closing decades of last century, we
are faced with the fact that existing methods of culti-
vation have brought us in many parts to a point of
diminishing returns. This situation raises the whole
question of artificial manures. We shall find that it
is impossible to conclude with any exactitude what
advantages can be realised from any one line of action,
but the only method of discovering the adequacy of
such, lies in an attempt to weigh the real net advantages
of the different methods.

As indicated in the previous chapter, two methods of
applying fertilisers in production are possible.
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(@) Indirect—New Zealand farming is characterised
by its peculiar suitability for mixed methods, and this
is especially true of the wheat producing area under
investigation. Experience has shown that in this area
no one method of farming is sufficient. Sheep farming
is very profitable for a few years; but the pastures
sooner or later lose their vitality. The farmer is then
faced with the difficulty of producing fresh grasses,
which are found to thrive best after a short period of
cropping. Moreover, in the provision of adequate winter
forage a sheep farmer is often placed in difficulty. For
instance, in a dry season farmers who have been relying
solely on their pasture for winter feed, are sadly
disappointed, and are compelled to sell considerable
quantities of their stocks very often at a loss. On the
other hand close adherence to agricultural pursuits is
likely to prove no less a failure. Examples of failure
in this method of farming are not wanting in New
Zealand; and the farmer who is found after a com-
paratively short period of years with an outcropped
farm is not altogether uncommon.

Experience thus shows that the mixed method of
farming in Canterbury is the most profitable; not only
this, but we are learning year by year that this region
is specially adapted to mixed farming. Wheat pro-
duction is fostered by an excellent soil, and by a good
and systematic rotation of crops tlie whole area provides
excellent grazing land for both cattle and sheep. More-
over, the growth of root crops for winter feed is
beneficial to both agricultural and pastoral pursuits,
in that it is an excellent preparation for soil for wheat
and oats, and furnishes good fattening material, which,
along with hard pastures is responsible for the world-
wide famous ‘‘Prime Canterbury’’ mutton and lamb.

(b) Direct Fertilisers.—In many parts of the wheat
producing area of New Zealand the virgin fertility of
the soil has been somewhat impaired. But for the past
decade continuous eropping has been by no means the
universal practice of the New Zealand farmer, as it
has been in other new countries, notably in the United
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States. Consequently when the application of certain
manures to our soils is advocated, it must not be thought
that this is solely on account of a diminished fertility.
On the other hand, by the employment of incremental
additions of capital, (manure in this specific case) the
farmer will get higher proportional returns up to a
certain point. Hence, in addition to manuring the root
crops preceding wheat, it has become the practice in
many parts to manure the wheat crop also. This
practice, however, should not have a very detrimental
effect on wheat growing in New Zealand, for, in the
first place, ‘‘it is now certain that wheat nearly always
responds to phosphatic manures,’’* and, secondly, certain
manures are easily obtainable in New Zealand on account
of the freezing industry. We shall see later in analysing
costs of production what proportion is attributable to

manures.
4. Climatic Conditions.

A detailed analysis of climatic conditions is of
paramount importance in any investigation relating to
agriculture, for no one will dispute the fact that there
is a connection between productivity and meteorological
conditions, though the degree of this relationship is not
yet exactly established. The climate of New Zealand
has to be considered in relation to three main features:—

(1) Its position, stretching for nearly a thousand
miles southward of latitude 34° south.

(2) Its insular position, situated in the greatest
ocean of the World, from which no part of
the country is more than 75 miles distant.

(3) Its physical features, especially the mountain
chains, running mostly north and south, and
affording differential aspects.

From a survey of these it is obvious that New Zealand
can rank with any of the great wheat producing countries
of the World so far as favourable weather conditions
are concerned.

*Dr. Hilgendorf, in ‘‘The New Zealand Journal of Agri-
culture,’’ March, 1915.
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(a) Sunshine.— Two Government meteorological
stations are situated in the producing area; but
unfortunately they are very close together, so that
observations from them cannot be considered to be
general. Information from private sources will have
to be considered. The wheat producing area is situated
in a very favourable position for obtaining the maximum
amount of sunshine. Over the years 1907-13, the average
annual number of hours of sunshine was 2,064, showing
a daily average of 5-65 hours, which is about 50 per
cent of the possible amount.

(b) Temperature.— The oceanic influences are
recognised as the dominant feature with regard to
both summer heat and winter cold, upon both of which
they exercise a moderating effect. No great extremes
of heat or cold are found on this account, and, although
the winter is sharp, it is characterised in Canterbury by
clear frosty nights and bright sunny days. The excellent
nature of the summer heat promotes the growth of
cereals to a very high degree. The following table shows
the temperature for the four seasons in the area of
Canterbury and Otago.

TABLE IX.
TEMPERATURE IN CANTERBURY AND OTAGO.
CANTERBURY.
Spring Summer | Autumn Winter Annual
Mean ... . 525 60.8 53.2 43.1 52.4
Maximum 61.9 70.9 62.3 48.6 61.6
Minimum 43.1 50.9 44.3 35.1 43.3
OTAGO
Mean ... 50.4 57.9 51.0 41.5 50.2
Maximum 59.5 67.5 59.1 48.1 58.5
Minimum 51.5 48.2 43.0 85.0 41.9

Hence it will be seen that the temperature is more
even over the seasons than is common; moreover, that
while the summers are cool for the most part, the winters
are mild.

(¢) Rainfall—Throughout the country rainfall varies
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in the main from 20 to 100 inches, and in a few scattered
localities lies outside these limits, being as low as 10
inches in Central Otago and as high as 120 inches on
the West Coast. The most suitable rainfall for wheat
production lies between the limits of 20 and 30 inches,
though it will thrive on from 10 to 15 inches, as is
shown by the case of Australia. Throughout the wheat
producing area the average annual rainfall for 36 years
was about 25-5 inches as recorded by the meteorological
stations.

How far these observations are representative is a
matter open to question, as there is no station in South
Canterbury. For the purpose of ascertaining the distri-
bution of rainfall further enquiries were made, and
private individuals, who had kept records, were asked
to furnish reports of such. It was a matter of great
surprise to find that these records were very few indeed,
and that the farming community which is so vitally
concerned with the amount and distribution of the rain-
fall, was almost totally ignorant on the whole question.
But out of the few records obtainable a comprehensive
one was fortheoming from the very centre of production
in South Canterbury, and this shows for the years
1890-1914 variations in amount from 15-1 inches in
1890 to 37-0 inches in 1899. But these are exceptional
years, and the average for the 25 years was 22 -2 inches,
a figure almost ideally suitable for wheat production.

From these statistiecs we are able to state, with a high
degree of confidence, that the rainfall is more or less
evenly distributed over the wheat producing area. It
is, nevertheless, a matter of great regret that there is
no meteorological station in South Canterbury. There
is no doubt as to the value of climatic observations, and
steps should be taken to establish a station in the district
immediately, and to collect what records of meteorology
have been taken in the past.

(d) Observations on Connection Between Yields and
Rainfall—While discussing the question of rainfall, it
will be expedient to consider the nature of the connection

B3
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TABLE X.

CORRELATION BETWEEN YIELD AND “USEFUL”
RAINFALL (MAY-NOVEMBER) FOR CANTERBURY,

1871 to 1918.

RAINFALL Product
YEAR = E
Mlzz-}iiec;v. ‘3;’;’1; Bquares Pﬁfm‘};" Squares o:.tli):n‘g
1871 15.7 + 5 .25 | 21.5 ? 12.25 | — 1.75
2 9.8 - 54 29.16 | 21.8 | — 8.2 10.2¢4 | +17.28
3 16.8 + 1.4 1.96 | 23.8 | — 1.2 1.44 | — 1.68
4 14.6 — 0.6 .36 | 26.0 | + 1.0 1.00 | — .60
5 25.6 -+10.4 | 106.16 | 30.8 | + 5.8 33.64 | 160.32
6 12.2 - 3.0 9.00 | 28.3 | + 8.8 10.89 | — 9.90
7 11.1 — 4.1 16.81 | 820 | 4+ 7.0 | 49.00 | —28.70
8 8.8 - 6.4 4096 | 21.0 | — 4.0 16.00 | +25.60
9 16.0 + 0.8 .64 | 28.0 | + 8.0 9.00 | + 2.40
1880 11.4 -~ 3.8 14.44 |1 238 — 1.2 1.44 | + 4.56
1 23.4 + 8.2 67.24 | 21.3 | - 8.7 13.69 | —380.34
2 14.9 - 0.3 09| 25,5 + 0.5 0.25 | — 0.15
] 18.2 + 3.0 9.00 | 25.6 | + 0.6 0.36 | -+ 1.80
4 16.1 + 0.9 81| 244 | — 0.6 0.36 | — 0.45
5 12.8 - 24 576 | 240! — 1.0 1.00 | + 2.40
6 24.8 + 9.6 92.16 | 23.7 | — 1.8 1.69 | —12.48
7 25.9 ~+10.7 | 114.49 | 25.0 -~ ~ —
8 18.6 4 8.4 11.56 | 22.9 | — 2.1 441 - 7.14
9 12.7 - 2.5 6.25 | 24.3 | — 0.7 049 | + 1.95
1890 10.7 - 4.5 20.25 | 179 | — 7.1 50.41 | +31.95
1t 10.2 - 5.0 25.00 | 249 | - 0.1 .01 | + 0.50
2 16.7 + 1.5 2.25 | 21.0 | — 4.0 16.00 | — 6.00
3 11.8 - 8.9 15.21 | 19.6 | — 5.4 29.16 | +21.06
4 17.5 + 2.8 529 | 23.7( — 1.3 1.69 | — 2.99
5 19.9 4+ 4.9 22.09 | 27.0 | 4+ 2.0 4:00 | 4 9.40
6| 16.2 + 1.0 1.00 | 21.0 | — 4.0 16.00 | — 4.00
% 8.0 - 7.2 51.84 | 151 | — 9.9 98.01 | +71.28
g 12.6 - 2.6 6.76 | 83.7 | + 8.7 75.69 | —22.62
1900
1l 11.0 - 4.2 17.64 | 287 | — 1.3 1.69 | -+ 5.46
2
3 12.2 - 3.0 9.00 { 34.2 | 4 9.2 84.64 | —27.60
4 18.0 4 2.8 7.84 | 85.0 | 410.0 | 100.00 | —+28.00
5 20.5 + 5.3 28.09 | 30.4 | + 5.4 29.16 | +28.72
6 15.0 - 0.2 04| 281 4+ 8.1 9.61 | — 0.62
i 12.3 - 29 8.41 | 28.2 | -+ 8.2 10.24 | — 9.28
8 15.2 + 0.0 —_ 85.6 | +10.6 | 112.36 —_
9 15.5 -+ 0.3 09| 27.8 | 4 2.8 7.84 | -+ 0.84
1910 13.3 — 1.9 8.61 | 26.0 | 4+ 1.0 1.00 | — 1.90
11 19.9 + 4.7 22.09 | 84.3 | 4 9.3 86.49 | +43.711
12 | 178 | 4 21 441 2.6 | + 1.6 2.56 | + 3.86
13 16.9 + 1.7 2.8 | 81.6 | + 6.6 43.56 | +11.22
Sum of Squares 780.90 | Sum of Squares 867.27 |4-203.41
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40
v 19.02
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v~ 21.68
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ar 4+ 9208.41
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= 4 .250
1-—(.250)% x 6745
v 40
1

STANDARD DEVIATION OF RAINFALL

STANDARD DEVIATION OF YIELD

I

PROBABLE ERROR =

between rainfall and yields in New Zealand as far as it
is possible with the information I have been able to
collect.

The method adopted has been to ascertain the co-
efficient of correlation between yields and rainfall over
a series of years. Rainfall records at Lincoln meteoro-
logical station were used, and the rainfall for the seven
months (May to November) was taken as the most
important. But it is doubtful whether it would not
have been more appropriate to have taken the rainfall
from August to December, as it is during these months
that the crop is really growing and ripening. In the
opinion of many persons who are interested in agri-
culture, the rainfall for May and June is not of great
importance; for the ground is regarded as being moist
enough during those months whatever rainfall is ex-
perienced, and provided a good spring rainfall is
forthecoming, a good yield should follow in any ecase.
But this opens up a further line of investigation, for
which time is not available at present. The principle
is the same, and the only difference would be to take
rainfall statistics for the months August to December,
and then proceed along the same lines as are here
indicated.
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Yield in Bushels per Acre.
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No 4.,
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The yield per acre for the whole province of Canterbury
had to be taken because no separate continuous statisties
for any district near the meteorological station are avail-
able. Probably this is the weak spot in the investigation ;
for we should have composite rainfall statisties at several
stations in Canterbury, when the yield refers to the whole
province. But with the available statistics of rainfall
from May to November and average yield per acre, I
have obtained over the years 1871-1913 a co-efficient of
correlation® of + -251. As the probable error is as much
as -1 correlation does not seem to be established in any
degree.

The defects in the information as shown above, must
be kept in mind, as also the fact that wheat has a wide
range of rainfall, so that a country where the average
rainfall is about in the middle of this range, as it is
in New Zealand, may show wide fluctuations in rainfall,
and get comparatively small fluctuations in yield.

From the Agricultural College and Experimental
Farm at Lincoln I have been able to get statistics of
yield and rainfall there, for the past 12 years (1906-17).
The statistics are shown in graph No. 4, but the period
is too short to afford a conclusion of importance. The
continuance of these records will provide useful infor-
mation in regard to the connection between yield and
rainfall in Canterbury. It may be observed, however,
that the curve of yield per acre moves in sympathy with
the curve of ‘‘useful’’ rainfall, though the range of
fluctuation is greater. This is suggestive of a close
connection between the two series.

It is interesting to ecompare similar statistics in Aus-
tralia. A graph showing yield per acre for Victoria and
composite winter rainfall (May-October) shows a vital
connection between yield and rainfall. This information
was supplied to me by the Department of Agriculture
for Victoria, and the result in the form of a graph is
highly suggestive of a vital connection between yield

*Correlation is dealt with again in Chapter VI., and is fully
explained in Appendix IL
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Raqua Il in Inches

Diagram Shoving Average Yield & Winter (May—0cf) Rainfall
for Vicloria (1884 —1914.).
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TABLE XI.
WHEAT YIELD AND RAINFALL.

CORRELATION BETWEEN YIELD AND COMPOSITE

WINTER RAINFALL (MAY-OCTOBER) FOR VICTORIA,

1884-1913
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inches
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[/ 245.65
30
v 8.19

2.85

+158.20
30X 3.06x2.85

+.602
1-(.602)? X .6745
Y30
=.0786
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STANDARD DEVIATION OF RAINFALL
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CO-EFFICIENT OF CORRELATION =

i

PROBABLE ERROR =

and rainfall for that state, and d priori for the whole
of Australia. Fluctuations in rainfall are invariably
followed by fluctuations of a similar nature in yield.

The co-efficient of correlation between these two series
is + -602 and the probable error only -08, so that
correlation may be regarded as a practical certainty,
according to Professor Bowley, who takes as one test
of correlation a probable error of less than one sixth of
the co-efficient of eorrelation.

From the graphs for New Zealand and Australia given
here many interesting conclusions could be drawn, but
we must content ourselves with a brief summary of
results.*

The correlation between yield and rainfall in Aus-
tralia is more vital than it is in New Zealand, because
Australian rainfall is so small that fluctuations either
way greatly affect the productivity of the soil. In New
Zealand, on the contrary, it is only in very exceptional
circumstances that rainfall is so low as to interfere
greatly with productivity, while it is generally of such
an amount that an increase does not add much to the
yield of produce.

This conclusion adds further to the contention that
from the point of view of rainfall, New Zealand enjoys
a differential advantage in wheat production.

*Statistics from Lincoln College, Canterbury, and Roseworthy
College, South Australia, are given in Table XII, and they
support the general conclusions arrived at here.



TABLE XII. WHEAT YIELD AND RAINFALL.

Relatlon between Yield and ““Useful” Rainfall in Canterbury, 1871-1913: Victoria,
1884-1913; Lincoln College, 1906-1914: and Roseworthy College, 1904-1914,

s : Lincoln Roseworthy

Canterbury Victoria College College
* V3 Useful | . Useful s Useful | . Useful
YEAR |"Yield| gying) Yield |goinpy| *Yield| painy Vel | Roing)

Bus. |inches| Bus. |inches| Bus. |inches| Bus. |inches

1871 | 21.5 | 15.7
72| 21.8| 9.8
78 | 23.8 | 16.8
74 | 26.0 | 14.6
751 80.8 { 25.6
76 | 28.3 | 12.2
771 82.0 | 11.1
78 | 21.0 | 8.8
79 | 28.0 | 16.0

1880 | 23.8 | 11.4
81| 21.83 | 23.4
82 | 25.5 | 14.9
83 | 25.6 | 18.2

03 | 34.2 | 12.2
04 | 85.0 18.0
05 | 80.4 | 20.5
06 | 28.1 | 15.0
07 | 28.2 | 12.3
08 | 85.6 | 15.2
09 | 27.8 | 15.5
1910 | 26.0 | 18.3
11 | 84.83 | 19.9

18.0 | 11.60
24.2 | 14.28
49 [16.02|14.5 |16.30
45 |13.17/13.3 {13.81
46 |19.17)22.2 |15.58
56 |18.61|25.1 |21.15
41 [16.1916.6 |16.79
36 |25.60|14.3 9.46

-
=t

ek ek —
PDRORDROHRORHRONOD R D

e

84 | 244|161 95| 6.3
85| 24.0 128 9.1 | 8.7
86 | 23.7 | 24.8 | 11.5 | 10.56
87 | 25.0 | 25.9 | 10.8 | 11.6
88| 229 | 186 | 7.21] 6.9
89, 24.3 | 12.7 | 9.7 | 15.1
1890 | 17.9 | 10.7 | 11.2 | 18.8
91| 249 | 10.2 | 10.3| 9.5
92 | 21.0 1 16.7 | 10.9 | 18.8
93 | 19.6 | 11.3 | 10.3 | 13.2
94 | 23.7 | 17.5 3] 151
95 | 27.0 [ 19.9 0| 6.6
96 | 21.0 | 16.2 5| 5.5
97 | 15.1 8.0 4| 9.2
98 | 33.7 | 12.6 14108
99 2| 8.2
1900 8| 9.9
01 | 23.7 | 11.0 9| 8.8
02 3| 4.6
.5 | 11.8

.5 1.4

3| 10.2

2| 14.8

6] 7.8

2| 10.6

81 18.5

51 13.1

81 9.1

6] 89

8| T4

12 |1 266 | 17.8 | 1 56 |18.80(19.6 |13.05
131 816|169 | 1 44 120.90| 6.5 |10.82
14 | 29.6 | 11.3 50 [138.42]11.5 6.12
15 [ 20.8 6.8 24 6.75 | 21.22 | 18.33
16 | 22.3 | 14.4 | 30 |14.42 ) 24.73 | 20.25
17 1-27.0 § 12.3 30 112.2817.563 | 17.25

*The Statistics refer to the harvest of the following year in each case.
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(e) Winds.—The greatest disadvantage which our
wheat producing area suffers in respeet of climatic
conditions is the prevalence of very strong winds coming
from the West Coast. They bring plentiful supplies
of moisture; but this is deposited before they cross the
Mountain Ranges, after which they blow with the
strength of a gale, at times, across the Canterbury
Plains as hot dry winds commonly known as the ‘‘Nor’
‘Westers.”” Their strength, however, is now much abated
by the growth of plantations over the country. and it
is only occasionally that they do any very serious damage
to the crops. At Lincoln, which oceupies a fairly central
position in the area of these winds, the average velocity
of the wind per day, over 13 years, was 135 miles, while
the maximum velocity registered in any one day was
693 miles.

But the very causes which are responsible for these
winds are themselves highly beneficial to the agricultural
community of the area over which the winds blow. The
nor’ wester of Canterbury is a continuation of a wind
which blows across the Tasman Sea, and reaches the
West Coast of New Zealand laden with moisture.
Fortunately for Canterbury the Southern Alps intervene
and cause the wind to deposit its moisture on the slopes
of the mountains, after which it comes across the plains
as a hot dry wind. Were it not for these intervening
mountains wheat production in Canterbury and Otago
would be almost non-existent, on account of the increased
rainfall which would result.

The nor’ wester is further benefieial to wheat pro-
duction on account of the influence it exerts during the
ripening period, because it is then that it is at its
maximum frequency and velocity. It is doubtful, how-
ever, whether this beneficial influence is not off set by
the detrimental effects that wind has in ‘‘shaking out’’
the crops.*

*This wind is also of extreme importance in the pastoral
industry, as it largely accounts for the character of the dry
pasture which produces a high quality mutton.



52 WHEAT PRODUCTION IN NEW ZEALAND

(f) Summary and Conclusion—~On the whole, the
New Zealand climate is very beneficial to the growth
of a vigorous and healthy population. No greater
tribute can be paid to the climate of the Dominion than
the fact that the Maori race, which the Europeans found
here on their arrival, was characterised by a vigour
and determination rare among uncivilised races. Un-
doubtedly, natural environment contributed considerably
to its fine physique, intelligence, and character.,

Further, the fertility of the soil gives remarkable
testimony to the genial climate of New Zealand: for in
agricultural yields the Dominion can compare with any
other country in the world.

Lastly, the vital statistics show the lowest death rate
in the world, and this is undoubtedly due largely to the
salubrity of its climate.

5. Cultural Methods.

The necessity of paying close attention to the culti-
vation of the soil is a matter the importance of which
has been emphasised already in the previous chapter.,
Two main objects should be kept in view when any
method of cultivation is adopted —

(1) Conservation of moisture in the soil; and

(2) Conservation of fertility.
Methods which ignore the importance of either of
these are not likely to afford the best results, but
will ultimately prove disastrous, both to the farmer
and to the community.

For the first of these objects attention must be directed
to the necessity of fallowing the land, while for soil
fertility a consideration of crop rotation and artificial
fertilisation of the soil is necessary. The latter has
already received due attention under another heading.
It remains to consider the importance of fallowing.

The greatest advantage of bare fallowing is that if
permits the farmer to obtain the maximum benefit from
the rainfall, for fallowed land will preserve the
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moisture in it from the previous season. Proof of
this is not wanting; for experiments tried in Australia,
at Rutherglen Viticultural College in Victoria afford
the following interesting results:—

TABLE XIII.

Percentage of moisture on fallowed and non-fallowed land prior to
seeding, 1st May, 1912. Rutherglen Viticultural College, Victoria :—

Depth of Sample Fallowed |Non-Fallowed| Difference

Per cent. Per Cent. Per Cent.
0 to 12 inches 7.62 3.12 4.50
12 inches to 24 inches 16.37 10.52 5.85
Y R Y 16.68 12.28 4.40
86 s it 500 u s 21.26 19.68 1.58
Average content of first 4 ft. 15.48 11.68 4.08

Hence assuming the weight of 1 acre of dry soil to be
approximately 3,500,000 lbs., it follows that in the first
4 feet of the Rutherglen fallow there were 571,200 Ibs.
more water per acre than in the non-fallowed land; i.e.,
an amount equal to approximately 2% inches of rainfall.

A second great advantage from fallowing arises from
the fact that it increases the supply of available plant
food. While the land is lying in fallow during the
summer months, many chemical and biological changes
take place within the body of the soil, and result in the
liberation of plant food. Experience proves that there
is a substantial inerease in nitrates,* and there can be
little doubt that other important plant foods, particu-
larly potash and phosphoric acid, are converted from
unavailable to available forms.

Thirdly, fallowing distributes the work on the farm
evenly throughout the year; for it enables the wheat

*For example, at Longernong in Vietoria, on fallowed land,
on 7th December, 1911, there was found to be 57°75 lbs. of
nitrogen per aere present as nitrate in the first 5 feet. On 1st
April, 1912, this amount had increased to 105 lbs. in the same
volume of soil.
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grower to have ready in autumn large areas in the best
state of tilth to receive the seed as soon as weather con-
ditions are favourable to sowing.

Finally, many subsidiary advantages accrue from
fallowing. The land is cleaned of weeds, and a consoli-
dated seed bed is the more easily made.*

The following table will sum up effectively what has
been said with reference to wheat growing on fallowed
and unfallowed land.

TABLE XIV.
Wheat grown on fallowed and unfallowed land in Victoria, 1908.

Fallowed Land Non-Fallowed Land

Average Average
Aren Yield Area Yield

Acres Bushels Acres Bushels
Wimmera ... .| 69,834 11.82 27,520 5.75
Mallee ...| 81,963 5.75 20,908 2.62
Northern ... ...| 41,110 9.50 28,946 4.06
Western 4,821 17.93 5,993 13.47

147,728 10.07 83,367 4.93

6. Harvesting.

The differential advantages which New Zealand enjoys
on account of the fertility of her soil and the salubrity
of her climate, are somewhat counteracted by her methods
of harvesting. Not that these methods are inefficient;
but as the area is not very large the application of very
expensive machinery is not practicable, and, moreover,
the fear of adverse weather conditions, mainly strong
winds during the harvest, renders the use of such
machines as the combined harvester, rather a precarious
operation; for the wheat must be very ripe for the
efficient employment of this machine, and when in this

*It must be noted that this discussion is not relevant to
conditions in many parts of New Zealand where the rainfall is
abundant. But where, as is often the case in Canterbury, the
months October to January are dry, the question of fallowing
is an important consideration.
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condition it is very easily ‘‘shaken.”’ But, though our
methods are costly they are none the less efficient, and
the quality of wheat turned out under their operation
is as good as general conditions allow. For the most part
harvesting operations are divided into three steps:—

(1) Cutting with the reaper and binder and stook-
ing by hand.

(2) Stacking after the crop has been in stook for
some two or three weeks and is thoroughly
hardened.

(3) Threshing at any time during the year.

The last two operations are, as far as is practicable,
done in one by the system of ‘‘threshing out of the
stook.”” There is a considerable advantage in this, on
account of the quantities which ean be threshed in a day
with a few labourers; but weather conditions must be
suitable and, further, the paucity of threshing plants
limits the method very considerably, for farmers cannot
wait when the weather is fine enough for stacking. Har-
vesting extends over a period of some 5 weeks on most
farms under normal conditions, but adverse weather
conditions, which of late have been rare, may extend the
period considerably.

The specific cost of harvesting will be treated later.
Enough has been said here to show that we have a rather
cumbersome method. Circumstances, however, are re-
sponsible for this, and it will be shown later that the
farmer possessed of good managing capabilities who is
far-seeing enough can turn it to advantage, and find it
a highly Iunerative method.

Note on the Harvester.

The combined harvesters include all combinations of machines
designed to leave both straw and chaff in the field and to deliver
the wheat cleaned ready for market. The machine is the ecul-
mination of modern invention in harvesting machinery; for with
it the wheat is cut, gathered, threshed, cleaned, and even sacked
without a single touch from the human hand. Every operation
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except sewing up the sacks is mechanically and automatically
performed by the application of horse or steam power. In
economy, in capacity and thoroughness of work, in perfection
of mechanical construction and in ease of operation, there is
apparently little more to be attained. The machine is used only
in dry climates where there is little fear of rain and no heavy
dews.

The machine commences by heading the erop, after which
the grain is threshed out in a type of drum not unlike that used
in a threshing mill. The wheat is then cleaned and sacked, all
these operations being performed by machinery.

There are two types of harvesters; one driven by horse power
and the other by steam. The former requires from 24 to 40
horses with 4 men to operate it. It cuts a swath of from 16 to
20 feet wide, and harvests from 25 to 45 acres per day.

The steam harvester cuts a swath of from 24 to 42 feet wide,
requires 8 men to work it, and cuts from 75 to 125 acres per
day. This machine is much more complicated than the horse
power one. It has an engine to drive the machinery of the
harvester independent of the traction engine or motive power.
The manufacturers of the machine claim for it that ¢‘the steam
harvester can handle grain in almost any condition, whether it
is standing, lodged, tangled or overgrown with weeds.’’

7. Marketing.

Here, again, New Zealand is wanting in organisation.
‘What place the market for wheat in this country has in
the evolution of markets it is hard to imagine. In the
modern view as prevalent in most advanced countries,
we in New Zealand have no systematised wheat market.
Bargaining between isolated individuals funections in its
place. A farmer, with no accurate knowledge of wheat
prices, probably wholly ignorant of prices in the great
wheat markets—arrives at a commercial centre with
samples of his wheat. The only method open to him is
to proceed to different millers or grain merchants in the
town and endeavour to drive a bargain.

It is a very easy matter for the merchants to fix prices
which they will give throughout the day for different
kinds of wheat, and unless something unprecedented
happens, that is the beginning and end of competition.
Of course the farmer who is financially secure can wait
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for his own price, but the financial position of many of
our farmers necessitates an immediate sale. Conse-
quently they are at the mercy of c1rcumstances which
may be favourable or otherwise.

In forwarding our wheat to the market we experience
a serious disadvantage, when compared with other
countries, on account of the method of handling the
grain. Our output is not large enough to warrant any
system but that of handling in the sack. This conse-
quently involves a great amount of labour which is not
required in some other producing areas.

New Zealand railway facilities are somewhat inade-
quate for the traffic in the very busy season of the year.
Small country stations experience considerable difficulty
in getting the required number of trucks; and often the
grain must be stacked at the station, sometimes outside
the shed, which is a risky procedure, for an autumn rain
would damage large quantities. Farmers throughout the
country, however, recognise that the railway authorities
meet them as far as 1is possible, but the lack of
sufficient rolling stock is responsible for the delay in
transportation.

The export of wheat varies from year to year, as
reference to the graph of exportation will show.* It will
be shown in Chapter VL. that the yearly exportation is
a tolerably good index of the productivity of the indus-
try in any year. What we are concerned with here is
whether our methods of exporting are efficient. Details
have already been given of the almost perfect system
of marketing and exporting in the United States of
America, and even if we remember that the widely
differing circumstances of production and output some-
what nullify an attempt to compare New Zealand with
that country, still such a comparison would not only
show how much inferior are methods in New Zealand but
would also open the way for reform. Mention has been

*See Graph VIII., page 101.
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made several times of the cumbersome method of hand-
ling wheat. This is, of course, necessitated by the
smallness of the output and is unavoidable, for the more
efficient method suitable only for large quantities would
not be profitable for such a small output. Our grading
system, however, is very inefficient, and might easily be
improved with advantage to buyer and seller, especially
the latter. The wheat is graded by the Secretary to the
Chamber of Commerce, into three different classes. A
standard sample of each class is picked, which is called
the F.A.Q. (Fair Average Quality) sample. The wheat
for each group is then sold at a price according as it is
thought to be above or below the F.A.Q. sample for that
group. The three groups are obtained from the three
main kinds of wheat grown:—

(1) Pearl;

(2) Tuscan;

(3) Hunter’s.
These three varieties are by no means representative of
the many varieties grown in New Zealand. Thus for
Canterbury six classes are clearly distinguishable: —
Hunter’s, White Straw Tuscan, Velvet Chaff Pearl,
Smooth Chaff Pearl, Bordier, Federation, and under
each of these several varieties-are noticeable. For
instance, in the class White Straw Tuscan we have
Talavera; Marshall’s White; Red Tuscan; Solid Straw
Tuscan. The relative merits of these varieties will be
considered in the next chapter. They are mentioned
here to illustrate the inadequacy of our grading system,
for all these varieties have to be grouped under the three
heads given above. Consequently the real quality of New
Zealand wheats is not known in foreign countries, which
is to the disadvantage of the New Zealand producer.
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8. Labour Conditions.

The general efficiency of the New Zealand labourer is
of a high order surpassed only by that of American
workers. A generous and beneficial education system
together with a congenial home and social environment,
promotes the growth of those faculties of judgment,
promptness, resource, carefulness and steadfastness of
purpose which characterise the efficient worker. In short,
the New Zealand labourer possesses in a remarkable
degree that nervous strength which Dr. Marshall in his
exposition* lays down as a necessary qualification for
industrial efficiency.

(@) Necessity for Skilled Labour.—So much for the
efficiency of labour generally. Let us pass to general
labouring conditions in the wheat industry. At first
sight the qualifications which the worker requires here
do not appear to be of a high character. But when we
look more closely we shall see that the farm labourer
requires ability of no common nature, if he is going to
be a success to himself and his employer. It is difficult
to designate this labour as skilled or unskilled. Many of
the operations involve mere routine, but the worker must
be able to go beyond this to more complex tasks. Can
we say that the ploughman who handles his plough and
drives six horses to the fullest advantage is performing
an unskilled operation? In the first place simple as the
plough may appear to the casual observer, the technique
of caring for it so as to prevent undue depreciation and
of “‘setting’’ it to different kinds of ploughing requires
more skill and knowledge than is apparent ; and secondly,
it is only a few who possess the special capabilities of
caring for their horses and driving them efficiently.

Furthermore, the ploughman’s tasks do not end at
ploughing. He must possess a knowledge of the working

*¢¢Principles of Economies.’”” Book IV., Chaps. IV.-to VII.
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of all other farm implements including the drill, by
which wheat, often along with manure, is sown.

When the harvest comes he is expected to be able to
drive the reaper and binder, and very often to stack
later. Our conclusion then must be, that the general farm
labourer should possess sufficient skill to be eclassed
among skilled labourers. Unfortunately the view ex
pressed above is not held universally by our democracy.
On the other hand, there is a great tendency to class farm
labour as wholly unskilled. The routine work of the
office is exalted above the manual labour of the farm,
and there is a constant flow of our most eapable country
workers into the towns, where very often their capa-
bilities are wasted in some routine task, solely for the
purpose of enjoying the cheap pleasures and amusements
of town life.

(b) Characteristics of Farm Labour.—The evil which
is brought about by the current view of farm labour
is that very often it is the workers who have been
unsuceessful in town, whether through their incapability
or their methods of living, who migrate to the country
and take up employment there. While the farmer is
able to obtain a certain supply of his labour from the
vigorous country population, he has to be content in
many cases to fill up the gap by the residue of town
labourers. These labourers get through their task in a
more or less efficient manner, but only under the very
close supervision and constant attention of the farmer.
Moreover, considerable losses from depreciation of plant
and careless attention to horses are experienced, so that
the farmer is paying a very high price for this kind of
labour. Further, very many find their tasks a continual
burden to them and take no pride in labour for its own
sake. On the other hand, however, those labourers who
are brought up on the farm develop an efficiency of a
very rare kind. Most of them are interested in the
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administration and management of the whole farm and
take a great pride in their daily tasks. Unfortunately,
the supply of these men is not adequate to the amount
of labour required, and so the farmer is very often
harassed with poor labour.

On the whole the farm labourers are the most unorgan-
ised body of workers in New Zealand, perhaps the only
large group which still remains unorganised. This is due
to the heterogeneous collection of which the group is
composed, and the large area over which they are
scattered. Thus the beneficial effects of trades unionism
in stimulating efficiency in particular trades is lost to
this industry. On the other hand, however, the worker
generally gets fair treatment, though he has to rely on
his individual resources. This is due mainly to the fact
that the farmers themselves have risen from the ranks
of labour and still undertake many tasks, being on the
whole a very hard-working community.

(¢) Farm Labour and Trades Unionism.—Attempts
have been made to get a farm labourers’ award under
the Arbitration Aet. In 1908, some ardent trades
unionists attempted this for the Canterbury Provinece.
The farmers and sheepowners objected, and a very long
and interesting case followed, at which evidence from the
whole Province was taken on behalf of the three parties
involved. Higher wages and regulated hours, better
housing, and more recreation were aimed at by the
workers’ representative. The evidence went to show
that efficient men were quite satisfied with their wages
and hours as were the farmers. But the latter class
objected strongly on account of the inefficiency of farm
labourers. Some went so far as to say that 50 per cent of
farm workers were incompetent, and under the Award
these would be paid as highly as the competent men. The
Court upheld their objection and the award was refused.
The case though lost to the labourers, had the effect of
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procuring for them in some cases better conditions, while
they began to realise that they were receiving fair terms
at the hands of the farmers.*

(d) Labour Bureauzx.—Another difficulty in the labour
problem arises from the administration of labour bureaux
where labourers offer their services and farmers engage
them. The real difficulty is that efficiency is not given
adequate consideration, and often labourers who are
wholly incompetent are given employment under a mis-
apprehension. On the other hand, the disadvantage is
not all on the side of the farmer; for often the positions
offered at the time do not come up to the expectations
of the labourer. Great improvements, therefore, are
possible in this department, which really lies at the
foundation of the labour problem.

Here, then, we find an additional disadvantage under
which New Zealand farming operations are conducted—
a disadvantage which is of paramount importance, for
not infrequently do we find farmers giving as one of
their reasons for partially abandoning wheat growing,
the fact that the inefficiency of labour causes them
trouble and expense which they have no desire to under-
take.

(e) Seasonal Labour.— A further difficulty arising
from the question of labour is experienced by our
farmers. Much of the work is done at certain seasons

*The Labour Question is again discussed in Chapter IX. The
cage for Unionism in agricultural occupations has many peculi-
arities, but those conversant with recent tendenecies in industrial
evolution will readily realise that the problem of ecombination
of Labour on the one hand and Capital on the other has risen
above the clamour of party politics or the class war. This is
evident in recent developments in England and elsewhere, where
industrial reconstruetion is under consideration. The discussions
on this topic should be eclearly grasped in New Zealand, and
those interested would do well to study ‘‘The Whitley Report.’’
Such a suggestion does not signify the present writer’s ad-
herence to the principles involved in that report.
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of the year, and at these times it is necessary for the
farmer to inecrease his hands for a period. Thus in the
winter and early spring the work of preparing the soil
and sowing the seed requires many more farm labourers
than are necessary during the summer. Then again at
harvesting there is a keen demand for farm labour, for
the satisfaction of which a large number of casual work-
ers is necessary. But of recent years all the industries
of New Zealand which employ such casual labour are in
full operation at this period of the year. Thus freezing
works are working up to their maximum efficiency as are
consequently the transportation industries, which absorb
much casual labour. The supply of such seasonal labour,
as is necessary in the case of the wheat industry, is
always a matter of difficulty, but in New Zealand this
difficulty is exaggerated by the absorption of much casual
labour by other more or less ‘‘seasonal’’ industries.

9. Government Encouragement.*

Directly and indirectly the State has assisted agriculture
in New Zealand. The land legislation of the Dominion
has undoubtedly contributed largely to the development
of mixed farming, which is probably the most potent
factor tending to advancement in the rural industries
and to progress generally. The wheat industry in partie-
ular has received a measure of encouragement from the
Government.

(@) Experimental Farms.— In the first place not a
little advantage accrues from the growth of experimental
farms and agricultural colleges, some of which are under
the direct supervision of the Government, while others
receive distinct advantages from the State though not
under direct State control. There are six experimental
farms in the Dominion, which carry out experiments and

*See Chapter X.
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demonstrations of national as well as of local importance.
All forms of agricultural work are conducfed at these
farms, including dairying, sheepfarming, fruit growing,
and wheat growing. Attached to three of the farms are
a number of students who are being instruected in the
most up-to-date methods of agriculture.

The instructional work covers a comprehensive area, all
classes of farmers being assisted by advice. Agricultural
literature, mostly in the form of quarterly journals, is
issued, dealing with the latest investigations made, and
instructing farmers as to the most efficient methods of
farming. Our farmer may have his soil tested, his seed
examined for germination capacity, his plants identified,
and diseases of plants or animals investigated and a
remedy suggested-—all these services being free of charge.

A State endowed Agricultural College with an Experi-
mental Farm attached is situated at Lincoln in the main
wheat growing area, occupying a fairly central position.
The main investigations here are concerned with wheat
growing and wool raising. All modern methods of farm-
ing are adopted, and close records of all results are now
being kept over the whole farm. The area of the farm
is some 2,200 acres, and wheat is grown yearly on about
200 acres. The results of this for the last few years will
be shown in statistical form in subsequent chapters.

Much research work is done by the Director and his
assistants in diseovering the relative merits of different
varieties of wheat for growth in New Zealand climate
and soil, in testing the efficacy of various fertilisers, in
considering the best methods for cultivation, and in other
kindred matters. The results of this work are placed at
the disposal of the farmers throughout the country, and
much good has been derived from this, especially in
educating farmers to endeavour to realise their full
opportunities. At the College in connection with the
farm the technicalities of the various subjects connected
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with wheat growing are studied, and all students pass
through a theoretical course along with their practical
farming instructions. Quite recently the course for the
degree of Bachelor of Agriculture has been instituted
in the University of New Zealand, the technical part of
which must be taken at the Agricultural College.

(6) Board of Agriculture.— In another respect the
Government encourages agriculture by means of the
establishment of a Department of Agriculture, Indus-
tries, and Commerce, under the direct Control of the
Minister of Agriculture. Under the Act of 1913 this
has been supplemented by the establishment of a Board
of Agriculture, composed of twelve members whose
functions are to advise the Minister of Agriculture on
matters relating to the development of agricultural and
other rural industries in New Zealand. In particular the
funetions of the Board relate to the following matters:—

(@) The aiding, improving and developing of agri-
culture and all rural industries;
(b) The prevention and control of disease in stock
and poultry, and the control of noxious weeds;
(¢) The establishment of agricultural colleges and
agricultural education generally;
(d) The aiding or facilitating of the carriage and
distribution of produce.
The official publication of the Department of Agriculture
is The Journal of Agriculture, which resembles similar
publications of other countries. The ‘results of all
research work carried on at any experimental farms, as
well as private work are published, and the farmer is
kept in touch with modern developments and tendencies
in his own particular branch.*

Hence we see that the Government has the interests

of the agricultural community at heart. The educative

*The reconstruction of the Department of Agriculture is at
rresent under consideration, and the functions of the Depart-
ment may be considerably extended at an early date.

C
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influence from the work of its various experimental
farms and individual investigators cannot but show itself
in improved methods of farming generally.

10. Survey and Conclusion.

It would appear that my contention that New Zealand
is specially adapted to the cultivation of wheat is
adequately borne out by a survey of the relevant
conditions. We have seen that the fertility of her soils
18 quite remarkable; that her eclimatic conditions are
unsurpassed in any other wheat growing country of the
world ; and that the character of the land from both a
structural and general surface point of view is specially
favourable to intensive methods of eultivation which are
essential to New Zealand conditions of farming. 1In
short, in her natural capabilities New Zealand possesses
advantages which rank with the best among the leading
wheat growing countries of the world.

But her isolation from the rest of the world, the
conditions of harvesting, the difficulties experienced with
labour, and the smallness of the output, which renders
large scale operations impracticable, counteract to a
considerable extent differential advantages which are
derived from the bounty of Nature. On the whole, how-
ever, the balance of favour rests on the side of these
differential advantages, and we have yet to see why
these do not foster the industry in New Zealand, and
why other industries have largely supplanted wheat
production.
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CHAPTER IV,

THE QUALITY OF WHEAT.

1. Introductory.

The quality of wheat must be viewed from the stand-
points of the farmer and the miller. While the latter’s
point of view is essentially the more important, it does
not always coincide with the former’s, and hence allow-
ance must be made for this.

From the farmer’s side of the question a good wheat
is one that will give him, year by year, a good monetary
return per acre. The monetary return obviously depends
upon two factors; the yield per acre, and the value per
bushel. While these two factors are quite independent
for any given variety"in a normal year, the farmer must
so relate them that he obtains the maximum profit from
the conditions under which he is producing.

It is not necessary here to discuss the causes which are
responsible for different values per bushel of different
wheats, but only to point out that the valpe for the most
part is dependent, on the demand side, on the milling
qualifications of the wheat. Nevertheless, the econsider-
ation is one of vital importance to the farmer; for it
may be very profitable to sacrifice extra yield to higher
value per bushel, while on the other hand a wheat of
very high quality may yield so poorly, that it will not
pay the farmers to produce it. Thus it was found that
the variety Red Fife would produce a strong wheat in
England, with milling qualifications as good as those of
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Canadian wheats. But when the Home grown Wheat
Committee distributed the seed, the yield was found to
be inferior, by about 50 per cent., to ordinary Home
grown varieties. A yield of 24 bushels per acre of this
wheat at 40s. per quarter will give a return of only £6
per acre as compared with a return of nearly £8 from
36 bushels of ‘‘weak’’ wheat at 35s. per quarter. More-
over, in fostering higher ‘‘strength’’ in the ‘‘strong”’
wheat greater attention would be necessary in cultivation
and harvesting than in the case of the ordinary Home
grown varieties. Hence the cost of production of the
former is likely to be higher than that of the latter.

New Zealand conditions offer a good example of this.
Two of the most common varieties are Pearl and Tusean,
the former being slightly better in ‘‘strength’’ and
general quality, though both in reality are ‘‘weak’’
wheats. On aceount of its higher milling qualifieations
Pear! brings up to 3d. per bushel higher than Tusean.
The yield of Pearl, however, falls short of the yield of
Tuscan by some 10 bushels per acre. If then, the average
yield of Tuscan on good land be taken as 40 bushels per
acre and the average price 40d. per bushel, the total
return per acre will be £6 13s. 4d. But with regard to
Pearl grown on the same ground assuming that the yield
is 30 bushels per acre and the price 43d. per bushel, the
total return per acre is only £5 7s. 6d. It is generally
understood that Tuscan requires less trouble in culti-
vation, though it may be more difficult to harvest than
Pearl. Hence the difference in return of some £1 5s.
has led largely to the substitution of Tuscan varieties
where conditions are at all favourable.

2. The Miller’s Conception of Quality.

Of more importance in the world’s markets is the
quality viewed from the miller’s standpoint. To the
miller the quality of wheat depends on three chief



THE QUALITY OF WHEAT 69

factors; first, the percentage of dirt, weed seeds, and
other impurities ; secondly, the percentage of water in the
sample; and, thirdly, a complex and somewhat ill-defined
character, commonly called ‘‘strength.’’

(@) Impurities.—The first factor is not very important
in New Zealand, for under the methods of growing,
cleaning, and threshing practised here, a practically
clean sample is produced. The threshing machine used
generally throughout the country separates the sheaf
into six parts, straw, short straw, chaff, dust and small
weeds, ‘‘seconds’’ or shrivelled and broken grain, and
finally ‘“firsts’’ or clean wheat fit for milling. It will
be easily seen that this classification gives a good, clean
sample. In some foreign countries, however, this is far
from the actual state of affairs. Indian and Russian
wheats contain a great percentage of impurities, which
render them in this respect relatively inefficient from the
miller’s point of view.

(b) Percentage of Moisture.— The percentage of
moisture, the natural moisture as it is usually called,
varies greatly in the different producing ecountries.
English wheats contain about 16 per cent. of moisture,
rising in wet seasons to 18 per cent. In Russia the per-
centage is about 12, whieh is the average for Canada,
United States, and Argentina; while in Australia and on
the arid lands of the Pacific Coast of North America 10
per cent. is about the average. New Zealand wheats
contain relatively high moisture percentages. Pearl in
normal seasons has a moisture content of from 15 to 16
per cent., according to the tests made over a series of
years by a local miller; while Tuscan and Hunter’s go
as high as 16 to 17 per cent. In wet seasons these per-
centages may be increased to 17 for Pearl, and 18 for
Tuscan and Hunter’s, which is considerably higher than
the percentage for most of the exporting countries.

The importance of the percentage of water arises from
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the fact that the more water a wheat contains, the less
flour it will yield in the mill. Consequently, the less
value it has to the miller. A difference of 5 per cent.
of natural moisture means a difference of from 1s. 6d.
to 2s. 0d. per quarter in favour of the drier wheats.
This is one of the reasons why New Zealand millers
prefer Australian wheats, and the New Zealand farmers
clamour for protection.

(¢) Strength.— Of vastly greater importance is the
third factor from the miller’s point of view. We
may provisionally define ‘‘strength’’ as the capacity
for making bread which suits the public taste of the
day. The generally accepted method of determining the
“‘strength’’ of a sample of wheat is to mill it, and make
it usually into cottage loaves. The strength of the wheat
is then determined from their size, shape, condition, and
general appearance. A ‘‘strong’’ wheat makes a large
well risen loaf of uniformly porous texture. The
principle of greatest importance is the capacity of the
bread to absorb water, that is, the production of a porous
loaf is the most desirable end.

(d) Importance of Qluten Content.— The degree to
which this end is attained is dependent on the amount
and character of the gluten of the flour produced from
the special variety of wheat. The technical processes of
baking do not concern us here, but in order to compre-
hend the importance of gluten a passing comment on the
technicalities of baking will not be inappropriate.

“‘In making bread flour is mixed with water and yeast.
The yeast feeds on the small quantity of sugar contained
in the flour, fermenting it, and forming from it, aleohol
and carbon dioxide gas. The gluten being coherent and
tough is blown into numberless small bubbles by the gas
which is thus retained inside the bread. On baking, the
high temperature of the oven fixes these bubbles by
drying and hardening their walls, and the bread is thus
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endowed with its characteristic porous structure. If a
cereal meal devoid of gluten is mixed with water and
yeast, fermentation will take place with formation of
gas, but the gas will escape at once and the product
will be solid and not porous.”’*

The above quotation is sufficient to show that gluten
is of the greatest importance from the milling point of
view. It is to this gluten content that the ‘‘strength’’
of wheat refers. Gluten is a mixture of two substances
—gliadin and glutenin—and may be obtained in a crude
state from wheat meal or flour, by washing the dough,
made by kneading the meal with water, which removes
starch and other non-gluten compounds. Not only is
the amount of gluten important, but its quality is a very
potent factor in giving flour its baking qualities. This
quality is dependent upon the ratio of the amount of
gliadin to the amount of glutenin in the flour. The most
favourable ratio seems to be one of the former to three
of the latter, and, for the purpose of obtaining this ratio,
flours are mixed after milling, or more commonly in some
countries wheats are mixed before milling. A good gluten
has a light yellow colour, is sticky, but not elastic. This
difference is at once apparent if a small quantity of
‘‘strong’’ Canadian wheat is masticated after one of the
“‘soft’’ New Zealand wheats.

3. ‘‘Strong’’ and ‘‘Weak’’ Wheats.

From the point of view of the gluten content wheats
are divided into two main classes, ‘‘strong’’ and ‘‘weak,’’
each marked by certain external characters, which ean
readily be judged by the eye of the practised wheat
buyer. '

‘‘Strong’’ wheats are usually red in colour, their skin
is thin and brittle and the grain is usually rather small.

*¢‘The Story of a Loaf of Bread,’’ by Prof. T. B. Wood.
Page 36.
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The grains are absolutely hard and brittle, and when
broken the inside looks flinty. On chewing a few grains,
the starch is removed and there remains in the mouth
a small pellet of gluten which is tough and elastie, like
rubber, but not sticky. The Canadian wheat imported
by the New Zealand Government at the end of 1914
almost corresponded exactly with the above description,
but to one inexperienced in grain dealing it would appear
a very poor sample.

‘““Weak’’ wheats present a contrast. Their colour may
be red or white, their skin is usually thick and tough,
the grain is usually large and plump and often has an
opaque appearance. It breaks easily, and inside is white,
soft and mealy. Very little gluten can be separated in
the process of mastication, and that little is much less
tough and elastic than the gluten of ‘‘strong’’ wheat.
On the whole, New Zealand and English wheats are
‘“‘soft,”” and from outside appearances are specially good
samples.

4. Factors Fostering ‘‘Strength.’”’

(@) Soil. — The principal factors in promoting high
‘‘strength’’ in wheat are soil and climatic conditions.
Rich black soils, high in organic matter, are most favour-
able to the production of ‘‘strong’’ wheats. William E.
Edgar says, ‘‘Gradually as the North Western States
have become cultivated the original hard wheat has
grown scarcer. Wheat raised on virgin lands has a
peculiar strength lacking in that produced in other
fields.”*

(b) Climatic Conditions.—But of more importance in
determining the ‘“strength’’ are climatic conditions. For
some time it was thought that sunshine during the later
stages of growth resulted in ‘‘strength,”” but many

*¢{The Story of a Grain of Wheat.’’
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foreign wheats, notably Californian, which have their
last three months of growth in cloudless weather, yet
remain weak. The best climate appears to be one which
Schimper calls a ‘‘steppe’’ climate. The winter is very
severe, too cold in fact for the wheat plant to survive.
During the spring, showery weather prevails, while the
temperature rises rapidly, and as the season advances
both the heat and the dryness become extreme. Thus
the ‘‘strong’’ wheats are essentially spring wheats.
Their period of growth is necessarily short, not exceeding
five months, and sometimes less. It will be seen how
admirably Canada is suited for the growth of ‘‘strong”’’
wheat on account of both her ‘‘steppe’’ climate and her
rich native soil.

(¢) These Factors in New Zealand.—The wheat pro-
ducing area in New Zealand possesses neither a rich
black soil nor a ‘‘steppe’’ climate. Hence, it may at once
be assumed that on the whole the varieties of wheat
grown are ‘‘soft.”” That this assumption is warranted
in practice will be seen from the table appended*
showing the ‘‘strength’’ and milling products of the
main varieties produced in the Dominion.

5. New Zealand Varieties.

The varieties of wheat most commonly grown in Can-
terbury may be divided into three main classes, Hunter’s,
Tuscan, and Pearl. But there are several others grown
in scattered localities, such as Red King, Bordier, and
New Era.

(@) Tuscan.—The introduction of the Tusean varieties,
as was pointed out above, caused something in the nature
of a revolution in wheat production in New Zealand.
Pearl and Hunter’s were the varieties most commonly

*See page 77.
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grown before Tuscan was introduced, and, although
the production of this variety has progressed rapidly,
Hunter’s and Pearl, on account of their relatively
high ‘‘strength,’’ are still produced in large quantities.
Tuscan wheats are the most prolific yielders of the wheats
of New Zealand and, as their milling qualities are fairly
high, farmers are favouring their production in ever
increasing quantities, where conditions are conducive to
profitable production. To such an extent has this course
been pursued, that it is stated that the introduction of
Tuscan into South Canterbury and the lighter soils of
Mid and North Canterbury enhances the value of land
on which it is grown by £1 per acre.

In contradistinetion to most New Zealand varieties
Tuscan can be used as a spring wheat, producing a good
crop if sown even as late as August. The common
practice, however, is to sow in May, or as soon after as
possible. Other varieties yield satisfactorily only when
sown in the late autumn, and are likely to have their
grain threshed out when nearly ripe by violent hot north-
west winds, while Tuscan resists the threshing action of
the wind to a much greater degree. In fact, this particu-
lar qualification is a very potent factor in rendering this
variety favourable from the farmer’s point of view.

The general characteristics of Tuscan are a very large
and long grain, with a distinctive ridge on the back. It
is quoted in Mark Lane as ‘‘New Zealand Long Berried
‘Wheat.”’

(b) Pearl.—The variety of wheat which has the highest
value from the miller’s point of view is Pearl, known in
some parts as Velvet. In normal seasons the yield is
good and the sample is very clean and free from smut
and other pests. The grain is small, round, plump,
yellowish white, with a thin skin, a narrow and deep
sided groove, and generally a most attractive appearance.
As it hardens quickly and readily in the field, it is
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specially adapted to stook threshing, and is ready for the
miller at once. Its price is quoted 2d. and 3d. per bushel
higher than that of other varieties, chiefly on account
of its high milling qualities, which in good seasons
approach those of good Australian varieties.

(¢) Hunter’s.— Hunter’s, or Hunter’s White, is a
variety grown mostly in North Canterbury, and is
second in quality only to Pearl among the wheats of New
Zealand. Some confusion of names has arisen among the
English importers and distributors of this wheat, which
does not correspond with the variety which in Britain
bears the same name. The yield is good, and generally
speaking the varied excellencies of this wheat make
it one of the most suitable for general cultivation in
Canterbury, as it thrives well in all the medium wheat
growing soils. The grain is medium sized, plump, and
either a deep reddish brown colour or a pale brown,
almost white. Although it produces in milling 20 per
cent. of bran, its flour absorbs 47 quarts per 200 1bs., so
that its ‘‘strength’’ is equal to that of fair Australian
wheat.

(d) Other Varieties—Of the other varieties some dis-
advantages in yield, quality, or resistance to climatic
conditions and pests render their production somewhat
precarious. ‘‘Bordier’’ wheat for example, an impor-
tation from F'rance, proved to be a prolific yielder, while
its yield of flour was fairly good and its ‘‘strength’’ a
little below the average. It was found, however, to be
subject to certain fungi, notably smut, while a strong
wind during the ripening period had the effect of
‘‘shaking’’ a considerable portion of the grain. Another
variety, Red King, was found to yield highly and gave
76-1 per cent. of flour in milling, but its very low
““strength”’ caused millers to look upon it with dis-
favour, and hence its production is rapidly falling off.
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It will thus be seen that although New Zealand has
been growing wheat for some forty years on a fairly
large scale, she has not yet passed out of the experimental
stage, and there is great lack of agreement among pro-
ducers as to which wheat is the most profitable. Certain
tendencies, however, are worthy of note.

(e) Comparative Production of these Varieties.—Until
comparatively recently Pearl was by far the most com-
mon wheat grown over the whole of the producing area.
It is still produced in large quantities, but has been
superseded first by Hunter’s, which is grown to a large
extent in North Canterbury, and secondly, by Tusean
varieties, which enjoy the most general production.

South Canterbury is the home of this variety, while
it is grown in large quantities in most other parts of the
area. The steady increase in the production of Tuscan
is likely to be maintained for some time yet, while,
especially in South Canterbury, the other varieties —
Pearl and Hunter’s — will be produced in slightly
decreased quantities.

But the fine milling qualities of these, especially of
the former, will be sufficient to cause them to be pro-
duced very largely, unless the future brings forth better
varieties.

A great many experiments have been made, and
continue to be made, not only on the Government Experi-
mental Farms, but also on many private farms. A
great many varieties have been tried, but, with the
exception of the three above mentioned, none of these
is produced on anything approaching a large scale.
Among these a comparatively new variety, ‘‘Federation,”’
grown on a considerable scale in North Canterbury, seems
to be most promising, but it is not known yet whether it
will yield sufficiently to make its production profitable.
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The following tables, compiled by the Agricultural
Chemist of Queensland, show the milling products and
“‘strength’’ of New Zealand wheats. These figures
cannot be regarded as wholly reliable, because they refer
only to an individual sample of each variety, and as
different samples of the same variety differ, on account
of the varying nature of the New Zealand soils and
general climatie conditions, an average of several samples
should have been taken in order to get fully reliable
estimates. The figures, however, will serve as an
indication useful for making comparisons.

TABLE XV.
MILLING PRODUCTS OF NEW ZEALAND WHEATS.
VARIETY Flour | Pollard | Bran
Percentages
Red King ... .. 76.1 7.9 16.0
Hunter’s White . 76.8 8.2 16.5
Velvet Chaff ... .. T74.0 9.2 16.8
Bordier SR o | 9.4 17.5
MecCallum’s Wheat ... ...| 718 9.4 18.8
Solid Straw Tuscan ... . Tl.4 11.5 17.1
Webb’s Challenge ... ] 714 12.4 16.2
Red Tuscan ... i) T2 10.5 18.2
Hunter’s White colil RO 9.3 20.0
White Tuscan 702 8.9 20.9
New Era ...l 68.1 10.1 21.8
TABLE XVI.
STRENGTH OF FLOUR.
*Quarts *Quarts
VARIETY per VARIETY per
sack sack
Velvet Chaff ...| 48.5 ||Red Tuscan | 48.5
Solid Straw Tuscan ...| 47.4 |[(Bordier ... .| 44.6
Hunter’s White... ...| 47.0 [[Hunter’s White... ...| 43.8
McCallum’s Wheat w.| 47.0 (|[New Era ... o o ¢ E4D]
White 8traw Tuscan ... 45.9 |Red King | 43.2
Webb’s Challenge o 45.7

* Water absorption in dough-making,
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TABLE XVII.
THE NEW ZEALAND VARIETIES JUDGED BY POINTS.
®
28 g,
E E Ho %! g a ﬂ =
J|BR|AE|&% | S| B & =B
MAXIMUM 10 | 15110 (10| 15 | 20 | 20 | 100
Velvet or Pearl ... 9]118| 9| 914 |17 |17 88
Hunter’s - 911837 91014 )17 |13 | 85
Solid Straw Tuscan 9112 9| 6|14 |18 |16 | 84
MecCallum’s Wheat 9112 9| 7|14 |16 | 16 | 83
Red Tuscan . 9] 14 9 6113 |17 | 14 | 82
Bordier ... ..,101 18| 9| 8|13 |16 |13 | 82
Hunter’s White o 7111} 9| 61417 16| 80
White Straw Tuscan . J 91121 9| 61311515 |79
Red King 10|11 9110|183 |14 |12 79
Webb’s Challeng 912} 9| 6|13 |15 | 14 | 78
New Era 6111 9 5114119112 | 76
6. Survey.

It has been shown above that the quality of wheat
is the resultant of a variety of causes, among which
climatie conditions and the fertility of the soil predom-
inate. Further, it was indicated that the relative
importance of the influence of climatic conditions was
very much greater than that of soil fertility; for, in
many countries a rich black soil does not produce wheats
of very high ‘‘strength.’”” Heredity, too, was shown to
exert an influence on ‘‘strength,’”’ for certain varieties
remain ‘‘weak’’ wherever grown, while one variety, Red
Fife, at least retained its ‘‘strength’’ even when grown
in England, where the climate and soil essentially favour
the growth of a ‘‘weak’’ variety. How far these con-
clusions are correct will be shown by comparing New
Zealand varieties with those of other countries which
are competitors in the same market. -
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CHAPTER V.

IMPROVEMENT OF WHEAT BY SELECTION
IN NEW ZEALAND.

(By Dr. F. W. Hilgendorf).

1. Historical.

Wheat has been a cultivated plant since the dawn of
human history, and there is no doubt that at various
periods efforts must have been made to improve its
qualities. Darwin quotes Virgil—‘‘I have seen the
largest grains, though viewed with care, degenerate,
unless an industrious hand did yearly cull the largest.”’
Coming to our own times the record of selection of
wheat for improvement in quality starts with the
work of Le Couteur, who lived in the Island of Jersey,
and who, in 1815, made his famous selection ‘‘Bellevue
de Talavera,’”’ which under the name of ‘‘Talavera’’.is
stil grown in France, Britain, and New Zealand.
Shireff, of Haddingtonshire, Scotland, made some famous
selections between the years 1819 and 1872. In 1886
there was established at Svalof, Sweden, the Swedish
Seed Association, a private venture for the improvement
of cereal seeds. Under the direction of Dr. H. Nilsson,
very many selections of the highest value have been
made, and the institution has become world-famous. The
three wheat breeders mentioned all worked separately,
and probably in ignorance of the methods employed by
the others. But all of them hit on the same plan of
taking a single wheat ear of apparently outstanding
merit and multiplying the offspring of that ear without
further selection. This is called ‘“Single Ear Selection.”’
As the true quality of an ear is not discernible from
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inspection but only from a study of its offspring, all
these workers grew the offspring in plots in ecomparative
trials with other varieties, and based their conclusions
as to the value of a selection on its performances during
the few succeeding generations. Hays, of Minnesofa,
United States of America, and von Lochow, of Petkus,
Germany, separately hit upon the plan of growing 100
seeds of very numerous single ear selections, and com-
paring the offspring of the plots; and to this method
of comparing the yield of selections the name of the
‘“‘centgener power’’ was given. Mr. Green, of Ruakura,
New Zealand, tells me that he also found the idea of
single ear selection independently, and, indeed, it could
hardly be otherwise since no information on the subject
was available to the English speaking world prior to
the publication in 1907 of De Vries’ Plant Breeding.*
Other workers apparently hit on the same plan, but did
not follow it up to suceess.t

During the development of the single ear method
other plans for the improvement of wheat were occupy-
ing the attention of breeders. A special plan was
adopted and elaborated by F. F. Hallett, who commenced
work at Brighton, England, in 1857. From the best
head he could find he picked the best single grain, and
grew that under the most favourable conditions he could
secure in a garden. He gave the resulting plant the best
of soil, manure, moisture, and space. From the best
head produced he again selected the best grain, and so
on, growing the plants for many generations under ideal
conditions. Great improvements were of course secured,
and some stir was raised among those who saw his work.
But the improvements were mainly the result of environ-
ment, and as soon as the plants were put back under

*¢¢Plant Breeding.”” De Vries. Kegan FPaul and Co.
tRust in Wheat Conference. Parliament of South Australia.
Paper XXIV., 1892, pages 56-7.
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field eonditions their yield fell to that of the original
ancestors, and it was seen that the scheme was a failure.
Hallett’s work was of high importance, and the publicity
it received was of the greatest value, for it proved to all
plant breeders that environmental improvement is not
hereditary.

During the whole of the 19th century wheat selection
was ardently pursued in Germany by a group of breeders
usually associated with the name of Rimpau, one of their
leaders. Their plan was almost exactly that followed by
‘breeders of cattle and sheep. They went into the fields
and gathered a number of the best heads of any variety.
These heads they threshed, and then they sowed the
resulting grain in a single plot. Through this plot they
went again at harvest time and picked out the best heads
once more, and continued to do so, in many cases for a
score of years on end. But they always mixed the seed
from all their best heads and sowed the product together.
Some improvements were made by this process of ‘‘mass
selection,’’ which indeed became the starting point of the
work at Svalof in 1886.

‘Wheats are normally self-fertilized, so that a pure
strain tends to remain pure for long periods. They can,
however, be artificially cross-fertilized, and this plan has
been adopted to produce new varieties combining the
outstanding good qualities of different parents. One of
the most famous cross breeders of wheat was William
Ferrar who, working in New South “Wales from 1906
onwards, produced Bobs, Federation, and other crosses
which have revolutionized wheat growing in Australia.
On the re-discovery of Mendel’s law of Inheritance, in
1899, great hopes were entertained that a new era had
dawned and that practically any number of excellent
characters would be able to be combined in a single
wheat.

Biffen, of Cambridge, England, has worked most
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consistently on Mendelian lines, but it must be confessed
that so far the intricacies of the problem have prevented
the attainment of very notable results.
A summary of the wheat selection work within the
last century is, therefore, as follows :—
1. Single ear selection. Le Couteur (1815). Svalof
(1893).*
a. Centgener power. Hay and von Lochow.
2. Influence of Environment. Hallett (1857).
3. Mass Selection. Rimpau and others (whole of
19th Century).
4. Cross Breeding. Ferrar (1896).
a. Mendelian Crossing. Biffen (1903—).

2. The Choice of a System for New Zealand.

In 1909 the writer was instructed by Mr. R. E.
Alexander, Director of Canterbury Agricultural College,
to undertake experimental work in the improvement of
wheat for growing in Canterbury. The scanty literature
on the subject was examined in order to see what method
would be likely to lead to results satisfactory both as
to magnitude and early maturity. Some whisperings of
the work done at Svalof had by this time reached New
Zealand, and such information as we had of their methods
backed by the common knowledge of inheritance in plants
seemed to indicate single ear selection as the best plan
of action to adopt. Later information as to the Swedish
methods and results has fully confirmed this view. As
mentioned above, the Swedish Seed Association was
founded in 1886. It was a private venture, but its
development is closely bound up with the economic and
social progress of the country. It now owns thousands of
acres of land and palatial laboratories manned by a staff

*1893 was the year in which single ear selection started.
Previous to that mass selection had been used. About 1904 cross-
breeding was added to single ear selection.
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of highly trained men of science. Wheat, oats, and
barley are now grown in Sweden on lands previously
considered as mere waste, and the yield of previously
cultivated districts has been materially increased. The
Government of Sweden recognizes the work of the
Association by an annual grant of £2,000, the other
£2,000 of its yearly income being provided partly by the
profits of the venture, but chiefly by the Agricultural
Societies of the country at large. (These figures are for
the year 1909).* Some of the results achieved by the
Association are appended.

AUTUMN WHEATS.

STRAIN Numbf:sgetd Years Yxel% 3 ’g:ee g:;:ﬁgn_vlgxety
0290 4 1385.6
0501 13 128.5
0406 13 122.5
0200 13 121.5
0315 9 115.9

These figures were published in 1912, and are sufficient
to show that the methods used at Svalof are an unquali-
fied success. Had the information given above been at
our disposal in 1909, we could have started work on the
improvement of the wheats of Canterbury with some con-
fidence, but all we knew was that Sweden was using
single ear selection with good results, and that the
method had been followed by workers in other countries
—notably by Hunter, in Ireland.f A plan of work was
therefore evolved which has proved in the main similar
to that used in other lands where the single ear is the
basis of the selection.

*Sixth Annual Report Canadian Seed Growers’ Association.

t{Newman, ‘‘Plant Breeding in Secandinavia.’’ Canadian
Seed Growers’ Association, Ottawa.

{H. Hunter, ‘‘Experiments in Barley Growing.’’ Journal of
the Department of Agricultural and Technical Instruction for
Ireland. Vol. XIII, No. I.
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3. Scheme of Work.

Since wheat is normally self-fertilized, different races
can grow together in the same crop and yet preserve
during an indefinite number of generations their indi-
vidual characteristics. Chance variations induced by
accidental crossing or by unknown causes do, however,
occur, and so a field of ordinary wheat, even though pure
as to variety, contains a large number of strains, the
differences between which are easily discernible to the
practised eye, just as in the show ring judges are able
to discern different strains in a pure breed of sheep, and
are able to name the breed of many a sheep merely
from the appearance of the wool or from the configur-
ation of the limbs or body. Now, some sheep have the
characteristic of fattening more quickly than others on
the same feed, and this is naturally a quality highly
valued. If a hundred sheep are running in the same
field and they all have the same feed the fattest are
congenitally early fattening, and can therefore be bred
from with confidence that they will transmit this
character. But if one were given a large flock of sheep
that had been fed under different but unknown con-
ditions, then some would be congenitally fat, but others
only accidentally so, that is fat because they had received
better or more plentiful feed. These latter, if used for
breeding, would not produce early fattening lambs.
What could the breeder do? He could only pick out the
fattest sheep and breed from them, because he could not
distinguish the congenitally fat from the accidentally
fat. He would probably mix all the breeding sheep
together and note the fatness of the resulting flock, when
all fed under the same conditions. This would be mass
selection. The average of the offspring would be fatter
than the average of the flock from which their parents
were selected, but there would be fat lambs and lean
ones, because some would be descended from congenitally
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fat parents, and some from parents only accidentally
fat. This is the general fate of mass selection. Some
improvement is made, but it is an improvement of
the average not of the whole, and progress towards
improvement is slow and tedious. Now, suppose the
sheep breeder recognized the difficulties of his task, and
instead of mixing up all the selected breeding sheep and
looking at the average of the resultant lambs, that he
mated the sheep separately and kept their offspring
separately under observation while giving them the same
feed. He would still get fat lambs and lean ones, but
he would be able to pick the parents that had produced
the fattest lambs, and know that these parents were
congenitally fat because they had transmitted the
character. Thus he would be able to pick out an early fat-
tening strain in a single generation, and would have only
to multiply that strain. The whole of the resulting flock
would then be early fatteners. This is the homologue
of ‘‘single ear selection.”” The problem above supposed
confronts the animal breeder only when he is buying
breeding stock and does not know how the animals have
been fed, never when le is selecting from his own stock
for breeding. But the problem confronts the plant
breeder in every first selection he makes. He can never
know if the apparent excellence of a head of wheat is an
inherent character or due only to an extra favourable
position in the soil, relative to manure, moisture, space,
ete. If all the heads are threshed together the resultant
offspring is a mixture of good and bad as the parents
were, and although repeated re-selection is bound to
produce improvement, the process is tedious and slow. If,
however, each head is threshed separately, and its seed
sown separately under similar conditions under strict
control, then the head whose progeny yields well will be
a congenitally good head, and that whose progeny is
indifferent will be an indifferent head, and look good only
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owing to some adventitious aid. Thus the best heads are
picked out of the mixed population in a single year, and
nothing remains but to multiply the progeny of that
head until enough seed is procured for commercial
purposes.

In practice the process is not quite so simple as the
above description would suggest, but the lack of sim-
plicity is due to that bane of all agricultural trials—the
experimental error.

4, Experimental Error.*

The ‘‘Probable Error’’ and the ‘‘Theory of Chances’’
are branches of mathematics with a very practical bear-
ing. Unless it is constantly recognised that there is a
probable error, all experimental work is reduced in value.
In agricultural experiments the probable error is very
large and very elusive. If two plots of wheat are grown
side by side in a paddock the soil of which is apparently
very even; if the seed of the two plots is out of the same
bag; if the cultivation, manuring, and harvesting are
the same in all respects, it might be anticipated that the
yields would be the same within a very slight margin. As
a matter of fact the yields often differ by quantities
that are of the greatest importance. For instance, the
land occupied by one plot may be three inches lower
than the land occupied by its neighbour. Such a
difference could never be detected, but if heavy rain
comes while the seed is germinating the seed on the lower
plot may be drowned out, or so checked in its develop-
ment as to yield much less than the plot on higher ground.
Or a colder piece of soil may delay ripening and render
its erop liable to rust, or the warmer soil may ripen its
crop earlier so that it is attacked by birds, and the final

*See supplement No. 7 to ‘‘Journal of Board of Agricul-
ture.”’ London, 1911.
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result shows that not the slightest trust can be placed in a
competitive trial of two wheats, if the trial is made only
once over. In the season 1913-14 the writer grew nine
plots of Hunter’s wheat side by side in a very even
paddock. The plots were about half-an-acre each in area.
The seed and the treatment in every respect were the
same. The following were the yields :—

Plot 1 50 bushels per acre. Flot 6 56 bushels per acre.
51

» 2 » ” w 7 54 )

» 3 605, 3 e G TS )

w 4 60 , 2 s 9 56 )
5 58 ,,

1

Now, differences approaching 10 bushels per acre are
of the greatest significance in wheat growing: indeed, it
will be shown later that an increased yield of 4 bushels
per acre is sufficient profoundly to affect the industry.
If, then, one not alive to the importance of the experi-
mental error had grown one kind of wheat on plot 2,
and another kind on plot 3, he would at once have
declared the latter infinitely the better wheat. Or if he
had gone to more trouble and grown a new wheat on plot
8, and his old standard wheat on each side of it, on plots
7 and 9, he (and 99 per cent. of observers) would un-
hesitatingly have declared the new wheat an improve-
ment of the highest value, whereas we know from the
above trial that it would not necessarily be a scrap the
better. Practically every agricultural experiment made
in this country has been a trial of plot against plot, and
the results are<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>