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PREFACE

This report supplements "Man, Land and Food: Looking Ahead
at World Food Needs," Foreign Agricultural Economic Report
No. 11, by the author, published in November 1963, In the earlier
study, the man-land-food relationship was surveyed from the pre-
World-War-II period to 1960 and projectedto the end of the century.
One of the principal conclusions was that possibilities of expanding
the area under cultivationat reasonable cost werelimited, Addirions
to the food supply over the remaining decadesof this century would
have to come largely from raising yields per acre.

The present report looks at possibilities and prospects for
increasing vields, with particular emphasis on the less-developed
regions, Thus far, the capacity to raise yields has been confined
largely to the developed regions, Between 1934.38 and 1960, graln
vields in North America increased 109 percent, But In Asia, where
food needs are much greater, they increasedonly 7 percent. Whether
the less-developed regicns will be able to reverse the current
downward trend in per capita food output will depend very much on
their ability to develop a yield-raising capability.

Conceptually, this study owes much to W, W. Rostow and his
“Srages of Economic Growth® published in 1960, Whereas Rostow
applies the takeoff concept to income per person, this study applies
it to yield per acre, Butr whereas Rostow discusses preccnditions
for the income takeoff, this study discusses factors facilitating the
yvield takeoff. The term upreconditions" used by Rostow ls con-
sidered Dy some economists to be too rigid; thus 'pretakeoff
factors™ or "facilitating factors® are generally used in this study.
Although the terminology differs somewhat from that of Rostow, the
conceptual framework remains essentially the same,

Understanding the interdependence of the income and yield
takeoffs helps to explain some of the unique problems facing today's
land-scarce, less-developed countries--problems not adequately
dealt with by the body of conventional theory which developed in the
countries of the industrial West where the two takeoifs were quite
independent of each other,

Any relevant question concerning the future of the man-land-food
relationship over the nexti few decades must focus on the produc-
tivity of land, i.e,, yield per acre, Itis not that thig is desirable, for
in terms of human welfare, output per personis more relevant, But
given the lack of flexibility in the supply of cropland, in the densely
populated, land-scarce countries, the levelof food output per persct
is rather dependent on the level of focd output per acre.
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SUMMARY

In the past 25 years, some very significant changes occurred in
the worldwide man-land-food relationship. Food output per person
in the less-~developed regions (Asia, Africa, and Latin America)
dropped sharply during World War II, but trended steadily upward
during the 1950's, In mori cases reaching or closely approaching
prewar levels, In the 1960's, however, output per person in these
regions has shown - .sturbing tendency to trend downward,

Before the w~ar, the less-developed regions were exporting 11
million tous of grain per year to the developed countries, After the
war, this flow reversed, During the early postwar vears, 4 million
tons of grain per year moved from the developed to the less-
developed world, As populations growth rates accelerated in the
1950's, this flow Increased, averaging 13 million fons per year in
the late 1950's, In the 1960's, the flow has increased further,
reaching 21 million tons in 1961 and, according to preliminary
estimates, 25 million tons in 1964,

The less-developed world is clearly Iosing the capacity to feed
itself; stated otherwise, a growing share of the increase in popula-
tion is belng sustalned by food shipments from the developed
regions, largely from the United States under the Food for Peace
program,

Why is the less-developed world losing the capacity to feed
itself? The answer can be stated in simple terms. Throughout
history, man bas increased the food supply by expanding the area
under cultivation, Buttoday manydensely populated, less-developed
countries have nearly exhausted the supply of new land that can
readily he brought under cultivation, Nearly half of the world's
people live in less-developed countries that are now essentially
fixed-land economies~-that is, almost all cultivable land is already
in use, These countries must lock to rising per acre yields for
most of the additicns to their food supply. They must generate a
yield takeoff--a sustained rise in yield per acre,

The ability to generate a trendof rapidly rising yields, however,
has heen confined largely to the more advanced countries, Over
the past quarter century, all the increase in food output in both
North America and Western Europe came from raising yield per
acre, Yield per acre in North America, the most advanced region,
increased 109 percent; in Asia, the least advanced region, it
increasau only 7 percent, and for the entire less-developed world
it rose only B percent,

Once vyield-per-acre takeoffs are achieved, yields tend to
continue upward, There is no record of a post-takeoff country
in which yields have tended to level off or trend downward, If
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anything, yields tend to increase at an accelerating rate after
takeoff, The problem is to generate the yield takeoff. And the big
question is: What 1s needed for a yield takeoff?

One factor facilitating a yield-per-acre takeoff is a reasonably
high level of literacy, A trend of rapidly rising yields implies the
continuous movement of new ideas and techniques from the re-
search plot to the farmer, and this is much easier in a largely
literate society,

Rates of yield increase vary widely among countries with widely
varying literacy levels. Major grain producing countries with
lireracy levels below 50 percent raised yields at 0.2 percent per
year between 1935-39 and 1960-62. Those with literacy levels
berween 50 and 80 percent achieved a 1.1 percent annual rate of
gain; those above 80 percent averaged 1,4 percent,

There is also a close relationship between the average level of
income per person in a country and its ability to raise output per
acre. Countries with average per capita incomes below $200 per
year raised yields an average of 0.2 percent per year between
prewar and 1960-62, Those with incomes between $200 and $1,000
averaged 2 1.0 percent rate of vield increase. And these with
incomes above $1,000 averaged more than 2,2 percent per year.

Another factor factitating a yield-per-acre takenff is the de-
velopment of a market oriented agriculture, In subsisience-type
economles, the share of farm output entering the market is often
very small, limiting the amount of cash which farmers have to
purchase yield-raising inputs such as fertilizer. This was not a
serious handicap when food output could be increased by simply
expanding the area under cultivation,

Agriculture is often quite independent of the remasinder of the
economy in an area-~expanding situation, but as it becomes possible
to increase the food supply only by raising yields, agriculture
becomes quite dependent cn the remalnder of the economy for a
wide variety of goods and services, varying from capital inputs
such as fertilizer and pesticides to services such as research,
credit, and transportation, Thus, the ability to raise ylelds is
closely related to the level of development of the nonagricultural
supporting sector,

The failure of a fixed-land economy witha rapidy growing popu-
lation to achieve a yleld takeoff is serious, Food output per person
begins to trend downward, and because the agricultural population
continues to grow, throughout the early stages of development, output
per person in agriculture also begins to decline, With the greater
part of the population still in agriculture, this makes a per capita
Income takeoff for the total population exceedingly difftcult,
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Although the factors described above may facilitate a yield
takeoff they are not in themselves sufficlent to cauge a yield
takeoff, In addition, certain incentives are required,

Favorable prices for farm products are an impoertant incentive,
The term "favorable prices" in this study means favorable com-
pared with the cost of the purchased inputs required to raise yields,
Less-developed economies usually have much lower food prices
and much higher fertilizer costs than developed economies, For
example, a pound of rice in Japan buys three times as much
aminonium suiphate as a pound of rice in India. This relationship
between prices of farm products and costs of vield-raising inputs
was not so important when new land was still available,

But favorable prices for farm products is not enocugh, The
people on the land must be the principal beneficiaries of tiese
favorable prices. There must also be a strong link between effort
and reward, The strength of this link is affected by such factors
as patterns of land tenure and tax systems, The less-developed
coumtries which have become fixed-land economies before achieving
a per capita income takeoff are faced with the necessity of achiev-
ing the income per person takeoff and the yield per acre takeoff
at the same time,

To describe what it takes to generate a yield-per-acre takeoff
is, in a sense, to describe the process of modernization and
development, Stated otherwise, the more advanced an economy is
the easier it is to generate a yield takeoff. The densely populated,

less-developed countries, which have virtually exhaustedthe supply
of new land that can readily be brought under cultivation must
compress a lot of progress into a very short period of time if
they are to generate the yield takeoff needed to feed their rapidly
growing populations,
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INCREASING WORLD
FOOD OUTPUT:
Problems and Prospects

By Lester R, Brown,
International Agricultural Economist?!
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Chapter I, --DEFINING THE PROBLEM

The problem can be simply stated: the less-developed world is
losing the capacity to feed itself, The purpose of this stuady is to
determine why this is happening and what can be done about it,

During the years preceding World War I, the less-developed
regions of Asia, Africa, and Latin America were all net exporters
of grain, Together they exported, on a net basis, 11 million tons
of corn, wheat, rice, and other grains per year to the developed
world, By the close of World War II, these regions had lost their
export surplus of grain; indeed, the direction of flow of grain was
reversed,

From 1948 e 1952, an average of 4 million tons of grain per
year moved from the developed to the less-developed regions, As
the rate of population increase in the less-developed regions gained
momentum during the 1950's, the flow increased, reaching 13
million metric tons annually during the 1957-59 pericd. In fiscal
1961, the net transfer of grainfrom the developed to less-developed
regions reached a high of 20 million tons, Thus far in the 1960's,
the disparity between food needs and food output in the less-
developed regions has continued to grow, with preliminary esti-
mates for fiscal 1964 showing netimports of 25 million metric tons,

Stated otherwise, the less-developed parts of the world, now con-
taining 2,2 billion of the world's 3,1 billion people, can no longer
provide enough food for the large numbers being born each year, A
growing part of the increase in population is being sustained by food
shipped from the developed world, principally North America,
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! This study was undertaken while the author was on detail from the Foreign
Regional Analysis Division of the Economic Research Serviceto the office of the
Administrator, ERS, where he acted as Assistant to the Administrator, Since
completion of the study, the author has become a member of the Department's
Staff Economist Group,
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The food situation in the less-developed world appears the same
whether viewed in terms of trends in trade or trends in per
capita food output, During the 1950's, per capita food output in
the less.developed regions trended upward, generally regaining
prewar levels. But thus far in the 1960's, their average per capita
output has been declining,

Food output per person in Asia, excluding Mainland China, has
dropped 4 percent from the postwar high in 1961; Mainland China
reached a postwar high in 1958 and, according to available evi-
dence, has dropped even more; Latin American output has declined
each year since 1988, dropping 6 percent in S years, Only in
Africa, where per capita food output has remalned essentially
unchanged in recent years, has a downward trend been avoided.

Identifying Some Common Sources of Confusion

The scope and complexity of the food problem ang the implica-
tions of present trends are not well understood. Factors rendering
a proper assessment difficult range from the uncertain influence
of weather to the lack of reliable data, Some common sources of
confusion are outlined here,

Postwar Recovery Projections

Beginning in the late 1950's government policy makers, eco-
nomic development planners, and businessmen found it increasingly
necessary to make decisions based upon estimates of food supply-
demand reilationships for some date in the distant future, Many
long-term projections of food supply and demand were undertaken
in response to this need,

Reascnably accurate projections of population growth were
avallable by the late 1950's and assumptions could be made con-
cerning expected rates of increase in per capita income, the other
principal factor influencing demand for focd, Thus, demand pro-
jections were reasonably simple and straightforward., Rut on the
supply side, much less was available in the way of projections, and
much less was known about supply projection techniques, Lacking
anything better, many projections of output were made simply by
extrapolating the food output trends existing from the late 1940's
to the late 1930's or alternatively from the early 1950's to the
late 1950's or early 1960's, Overlooked was the fact that increases
during this period often consisted in large part of recovery from
the destruction and disruption of World War Il
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Near the end of the 1950's per capita output levels in the less-
developed regions began to approach the levels exXisting before the
war, But the gains made during the 1950's were in a sense illusory,
Once recovery was complete, the rate of gainbegan to slow down--
making the supply projections unduly optimistic., And in some
cases this unwarranted optimism contributed to a shiftof emphasis
from agriculture to industry, Only now are the effects of this shift
becoming evident as many less-developed countries are plagued
with growing shortages of food,

Weather Always Responsible

Reduced crops and subsequent food shortages are frequently
atrributed to bad weather, but in reality weather is not wholly to
blame, It is often a scapegoat, covering a mulsitude of short-
comings, bureaucratic and otherwise. A year of unfavorable weather
often serves to bring into focus a steadily worsening situation,

Weather was held responsible for the development of a grain
deficit in India in the 1950's, Butseveralyears have passed and the
deficit persists, larger than ever before, Mainland China ¢ witched
abruptly from being a net exporter of grain in 1960 to being a
sizable net importer in 1961, Adverse weather of an "unpre-
cedented” nature was deemed responsible, Today, 4 years later,
Mainland China continues as a leading grain importer, purchasing
5 to & million tons annually in the international market.

Late in the summer of 1963, official news releases of the Soviet
government began mentioning the disastrous weather in the virgin
lands wheat-growing regions, Shortly thereafter, it was learned
that the Soviet Union was negotiating to buy large quantities of
wheat from Canada, Within the course of 1 year, the Soviet Union
made the transition, at least temporarily, from a sizable wheat
exporter to the world's leading wheat importer, Weather was
reported responsible, But subsequent actions indicated that the
Soviet Government, in fact, thought factors other than weather were
involved. The possibility of having over-extended the cultivated
area was mentioned in official Soviet statements. Mention was
made in journal articles of the continuous reduction of the land
in fallow, accompanying the determined efforts to increase focd
Qutput (§_§}’ . In late 1963, plans were announced for remedying the
situation by greatly expanding the use of fertilizer. These are but
a few examples where weather may have been held responsible to
an extent not entirely warranted,
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Declining Birth Rates Imminent

Many observers, though recognizing the existence of a food
crisis in the less-developed regions, believe that birth raies will
shortly be reduced, thus alleviating the pressure on food supplies,
This belief stems from 3-stage demographic transition model set
forth several years ago (68), The stages in this model represent 3
stages of development as characterized by changes in the relation-
ship between birth rates and death rates,

In Stage I, the society is essentially traditionalist, with high
birth and high death rates, High death rates, reflecting particularly
2 low rate of survival among infants, offset the high birth rates,
resulting in very low, often negligible, rates of population growth,
This stage prevailed throughout much of human history.

Stage II is characterized by the introduction of modern medical
sclence, including mass inoculation, malaria eradication cam-
paigns, and public health facilities, There is an abrupt decline in
death rates, but birth rates continue high, The historical equili-
brium between births and deaths is destroyed, and population
begins to grow rapidly, Nearly all the less-developed countries,
with their unprecedented rates of population growth, are now in
Stage II,

As countries reach advanced levels of development, birth rates
drep, and they are in State I1I, Low birth rates and low death rates
combine to produce a new equilibrium, characterized by low rates
of population growth, Most Eurcopean countries, with population
growth rates below 1 percent per year, have been in Stage III for
several decades,

Often overlooked is the fact that the reduction in birth rates is
usually closely associated with reaching a rather advanced level of
living, It is now becoming evident that many densely populated,
land-scarce, less-developed countries are experiencing great
difficulty in significantly improving living levels, But without this
improvement, birth rates are not expected to decline and an
already tenuous situation could become warse,

In support of the model outlined above, the dramatic decline in
Ireland's populaticn growth rate occurring during the 19th century
was not due to stage II improvements, Population grew rapidly in
Ireland during the century preceding the famine of the 1840's,
During the famine, pcpulation began to decline, The most immediate
cause of the reduction in population was starvation: An estimated
1 to 1.5 million of %z total population of 8 milllon died of starvation
during the famipne. Many more emigrated, Emigration, late mar-
riages, and permanent spinsterhood for a large percentage of the
women combined to reduce population further, until it reached the
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2.8 million of today, In recent decades, Ireland's population has
continued its long-term decline at about 0,4 percent per year
{48, 38},

Japan is the only Asian country tc¢ materially reduce its popula-
tion growth rate, Between the late 1940's and middle 1$50's,
Japan’s population growth rate dropped from nearly 2 percent per
year to less than 1 percent. But this followed nearly a century of
Industrial development and economic progress. Japan was no longer
a Stage II country,

Several decades were required for the demegraphic transition
in Western countries, and the population multipled several fold
during the process. The less-developed countries, many already
densely populated, dc not have the resources to cope with in-
creases of this magnitude,
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The Critical Transition

Throughout much of history, increasing food cutput has been
largely achieved by expanding the area under cultivation, In many
countries in the Middle East and South Asia, cultural practices,
and therefore probably also yields, have cbanged little over the
centuries,

Today oppertunities for finding new land that can readily be
cultivated are limited, Future additions to the food supply in the
less~developed reglons must come largely from raising yields.
India, during the 1S-year span encompassing the 3rd, 4th, and 5th
J-year plans, expects to expand by reclamation the net area used
for agriculture by only 6 million acres, or less than 0,2 percent
pe. year, But population is growing at 10 times this rare--well
above 2 percent per year, Clearly, if food output is to increase as
fast as population does, most of the increase will have to come
from raising cutput per acre, Annual output per acre of land may
increase either as a result of increases in yield per crop acre
harvested or an increase in the number of crops per acre per
year,

Although reliable data for development plans in Mainland China
are not available, it seems likely that China is similarly dependent
on raising ylelds for additional food output, To these 2 large less-
developed countries must be added others such as Pakistan, South
Korea, Ceylon, Guatemala, Egypt, Haiti, Iran, Iraq, and Turkey,
Thus, two-thirds of the 2,2 billion people living in the less-
developed regions of Asia, Africa, and Latin America are in
countries that are heavily dependent on higher yields for addirional
food,
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Expanding the area under cultivation to increase food output is
not new, Man has been using this method ever since the first crops
were planted, But near-toral dependence on raising yields for
additions to the food Supply is relatively new, especially in the
less-developed regions, As will be seen later, far more is involved
than simply moving to new land,

Situations Not Parallel

There are certain basic differences between the conditions
under which the advanced economies of the Western world initiated
thelr development and the conditions under which the less-developed
countries of Asia, Africa, and Latin America aretoday endeavoring
to industrialize, Most of these differences do not favor those
countries now attempting to develop, These are:

(L) The area of agricultural land per person is only a fraction
of what it was in the now-advanced countries at a comparable
stage in their development,

{2) In several major iess-developed countries, the expansion of
the food-producing area has almost reached its limits
before rakeoff,

(3) Population growth rates confronting today's less-developed
countries are far higher than those experienced by the de-
veloped countries during a comparable stage of development,
or, for that matter, at any time in their history,

{4) The land-man ratio is declining much more rapidly in tcday's
less-developed countries because of (a) higher rates of
Population growth, and (b) limired bossibilities for expanding
the area under cultivation,

(3} Significant opportunities for emigration as a means ofallevi.
ating population pressure do hot exist for today's less-
developed countries,

{6} The first countries to industrialize had a technical lead cver
the rest of the world, enabling them to profitably exchange
manufactures for the food and raw materials they needed,
This gave these countries much more flexibility in adjusting
food supplies ta requirements through imports, But, un-
fortunately, the countries Now attempting to develop do not
have this advantage,

Some of the differences between the two groups of countries
favor the currently less-developed countries. These ares
(1) A considerable backiog of technology exists in the developed

world from which countries that only now are developing
can freely borrow,
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(2) The less-developed countries, having examples to follow,
know that development is possible,

Abruptness of Transition

In less-developed countries where capital is scarce, agricul-
tural technology is traditional, and the population is growing
rapidly, there is a strong tendency to increase output by expanding
the area under cultivation until the supply of potentially cultivahle
land is almost exhausted. The need to make the transition then
develops very suddenly, These countries must make the transition
in atimespan measured in years rather than in decades or centuries
as was the case with the more advanced economies,

The advanced economies of Western Europe, the first to
industrialize, were able to trade their manufactured goods for
foodstuffs, and postpone the need for a yield takeoff. The United
Kiangdom, though faced with a long-term gradual increase in food
needs, dating back to at least the beginning of the industrial revo-
lurion, was able to postpone its yield takeoff until World War II
when food supply lines were severed, The advanced economies of
Canada, the United States, and Australia had vast virgin land
areas to bring into food production, These countries were quite
advanced by the time their frontlers had disappeared and they had
to shift to yield-raising to increase food output,

Given the rapid population growth rates characterizing the less-
developed countries, the inability to make the transition from the
area-expanding method to the yield-raising method will result either
in growing dependence on external sources for food or in declining
per capita food supplies,

The Central Question

i el el b S S 1 e sttt SO et s o ARy v X s v e 4

The problem facing the less-developed countries can be simply
stated, In the future, they must look to riging output per acre for
most of the required increases in their food supply,

The central question then is this; How quickly can the less-
developed countries make the transition from the area-expanding
method of increasing food output to the yield-raising method of
increasing food output?
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Chapter II.--APPROACHING THE PROBLEM

The Takeoff Concept--A New Application

The concept of an Income takeoff--an abrupt change from a
condition of near static per capita income to one of Steadily rising
per capita income--is now an integral part of development
theory, (77) The takeoff concept can alsc he quite appropriately
applied to yield per acre, It is, in fact, easier to apply the takeoff
concept to yields than to incomes because changes in yields, being
measured quantitatively, are more easily discerned, Measurements
of change in real incomes are often made difficult by changes in
the real value of the currencies used,

The behavior of per capita incomes and per acre yields over
periods of time is remarkably similar, Throughout mostof history,
both have been either static or increasing at scarcely perceptible
rates, Although civilization has existed for several thousand years,
the first per capita income takeoff did not cccur until about 2
centuries ago in the United Kingdom,

It is difficult to say which country was the firsc to achileve a
yield per acre takeoff, but there was a considerable time lapse
between the first income takeoff and the first vield takeoff. Japan,
which experienced a yield tazkeoff during the last quarter of the
19th century, may have been the first, The only countries which
might have experienced a yvield takeoff as early as Japan would
have been some of the smaller countries of northwestern Europe,
such as Denmark or the Netherlands, and judging by current vield
levels, their takeoffs could not have greatly preceded that of
Japan,

A yield per acre takeoff is defined as a rapid, continuous in-
crease_in yields sustained over an extended period, say 15to 20
vears, An increase maintained for a shorter period of time

L Records on grain yields for most countries are based on grain yield per
harvested acre, Thus, it is possible for annual output per acre of cropland o
either increase or decrease,while yield per harvested acre remains unchanged,
If the proportion of lapd in fallow increases, the yield per harvested acre may

Focinote continued on next page.
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might not be a takeoff at all but simply a move to a slightly higher
plateau,

Movements te higher plateaus are often associated with ane-
time increases such as the effect of an irrigation project, If the
area brought under irrigation includes a significant share of the
toral acreage of a single crop, the full effect of the project on yvields
may be concentrated in a short period of a few years, Yields will
rise rapidly for a few years but then level off, tending to become
static again, There is no continuing yield increase and so no take-
off,

Care should be taken not to confuse the sizable, sustained in-
creases in yields occurring during recovery periods after a war
with a genuine takeoff, High rates of increase in yields common
during the decade or so following World War II often declined
markedly once prewar yields were regained, Countries with little
or no new land to bring under cultivation must achieve rates of
yleld increase closely approximating rates of population growth
if per capita output levels are to be maintained,

Identifying the Pretakeoff Factors

Countries vary a great deal with respect to their capacity ro
raise per acre yields, Some have tripled yields over the last several
decades, In other countries, yields have not increased at all.,

Those sconomies with a demonstrated capacity to ralse yields
in a rapid and continucus fashion are identifiably different from
those with static yields, The identification of those relevant differ—
ences, whether they be in levelof lteracy, prices of farm products,
or one of many other possible factors, is necessary to formulating
policies designed to help land-scarce, less~developed countries
increzse their food output,

Rostow (77, p. 39), by isolating the seemingly relevant pretake-
off factors common to all countries which had experienced an in-
come takeoff, was able to describe the "preconditions™ for an

Foctnote continued,

increase while the yield per acre of cropland decreases, If, on the other hand,
the extent of multiple cropping increases, output per harvested acre may decline
while output per acre of cropiand rises, To illustrate, the practice of multiple
cropping in India, though not very widespread, has become roore common in
recent years, due largely to the increased availabiliry of water during the dry
season, Thus, output per acre of cropland has been rising slightly more than
output per acre harvested,
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income takeoff, Three basic and

interrelated factors are set forth,
These deal with the rate of sa

ving, development of cne or mare
leading manufacturing sectors with a fast rate of growth, and a

situation which “exploits the impulse to expansion ., ., giving to
growth an onward going character, "
The foilowing chapters are devoted to a systematic examination
of the factors facilitating a yleld-per-acre takeoff,* Five major
countries--Australia, India, Japan, the United Kingdom, and the
United States--on which grain vield data are avallable for at least
all of this century, and in some casgesg a good part of the 19th
century as well, are selected for study,
The use of grains, rather than all crops combined, greatly
simplifies the vield analysis without appreciably detracting from
the results, Grains are sufficiently similar that they can be aggre-
gated cn a weight basis; if all crops were included, this would not
be possible, And grain data are more consistent and complete than
are data on other commodities, Trends in vields of grains are
conceptually quite simple and €asy tc compute,
The use of grains as an indic
food production is not unreasonab
percent of the world’

ator of trends in crop yvields or
le because graing account for 71
8 harvested Crop arega, In food terms, they
provide 53 percent of man's supply of food energy when consumed
directly and a sizable part of the remainder when consumed indi-
rectly in the form of meat, milk, and eggs,

The long-term grain yleld trends in these § Hcase-study™
countries are examined to see if, and when, yield takeoffs oc.
curred. Some factors common to those countries experiencing
takeoff are then identified, In addition, changes in vields of rice,
wheat, and corn between 1934-38 and 1960-62 in each of the major

producing countries are examined with regard to level of literacy
and level of income,

2 See preface for discus

sion of the relationship berween the term "
ditions” used by Rostow and

precon-
the terminclogy used in this study,
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Chapter IIl,- ~-HISTORIC AL GRAIN YIELD TRENDS
IN SELECTED COUNTRIES

Several criteria were involved in the selection of the case-
Study countries; Australia, India, Japan, the United Kingdom,
and the Unired States, The overriding criterion was simply the
availability of long-term historical data on Production, area, and
yield of grain (table 1 and appendlx tables), Selection among those
countries with available dara wis designed to give a good cross
section according to geographic location, climate, stage ofdevelop-
ment, demographic characteristics, and the major grain produced,

One of the Principal factors limiting the number of countries
eligible for long-term histosical study was the lackof geographical
continvity, This was particularly true ip Europe, where the
World Wars cauced extensive boundary changes in many countries,
Three of the countries selected—-Australia, Japan, and the United
Kingdom--are insular, a factor contributing much to stability of
gecgraphic boundaries, India underwent boundary changes as a
result of the partition of British India into whar is now India and
Pakistan, Partition ig net a serious problem in this respect,

because vyield trends of these countries remained remarkably

Similar after partition,

Climatically, the countries selected range from moist, high
yeadr-round rainfall in the United Kingdom and Japan to the very
arid climate of all but the coastal margins of Australia, India has
& monsoonal climate characterized by a rainy season followed by
a4 dry season of several months' duration, The United States
encompasses a wide variety of climatic regions,

The case-study countries vary widely as to level of develop-
ment, The United States is the world leader in terms of economic
and technological development,
are quite advanced; Japan is termediate stage of
development; and India is cury ~tly one of the less-advanced
countries,

The case-study countries vary widely according to demographic

racteristics. Japan, India, and the United Kingdom are among
the world's most densely populated countries; the United States,

more so, Australia, are among the least densely popu-
nual rates of population growth in recent years range
from less than I percent per year in Japan and the United Kingdom

11
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Tntle 1.--Grain yield per nere: Hislorical Lreads in Anptrrlia, Indim, Jopan, the United Hlnpdam, and
the Bnited States (¥ilogeame)

Az ‘ 2| 3| United | Uniteg has- 3| united | ynites
Yenr trnliet | Iadin i.!opa.n Kingdem® | Stalea® fear traiial Japan Kingdern® | Statea®

1B Lars] 1915 386 a7a 758

1He 511 1916 363 Lilex ] prl]

1dud 5% 1917 33z &2 T43

1) 479 1918 272 458 797

1870 65 199 218 a3 702

1871 542 1720 W38 iy 727

472 S0 1821 l::) 848 Thk

1873 480 19:2 314 ks Tel

1374 4 1923 L) g0 FhS

1879 537 1924 410 888 780

15376 5Y¥ 1925 309 255 782

1777 'Y 1926 374 B9 90

1878 538 19257 273 Bri] B00

1879 355 1928 ins) B28

1880 Sy 1909 237 ) B

1881 1930 325 7o

1482 - 193 332 707

1783 & 1932 369 gl5 o
1844 1933 g ] a4y 435
1385 1934 291 a8l 380
1886 - 1935 azs &6 446
iaay 72 1930 e T8> 358
1488 i 14937 364 Vs S
1849 148 2A¥ H73 521
1820 1937 416 AR5 550
1R91 27 3 3 144l 182 &rs 567
832 ; 142 381 BL7 94
1813 3 . 1942 435 - wAD hiF
189 257 2 1943 360 3 ; opg 304
131 1 y 3 Lt 163 3 S0 Gl4
1, 189 d IS inn y2d 622
Lig sy 2 y L3t 244 H ABG 456
AR A ! A 1987 432 TEE 371
FLIN) 234 o oh 13y A9y i ) G0 720
LMK S : S 4H 153 462 1,023 431
B | 22 ? e 1950 41t ST 65B
w2 il . : BRI N7 1,712 ao2
L2 EE R T a2 4LRE 1,047 671
1Fk FL ] F - 1953 L -5 1,117 674
Imn AN 5 57 i, 39¢ 1,107 588
1 A v 19n 4T ! 1,227 739
AT a3 4 : FL-TCR 1 1,152 T
Int 3 GER T e 1957 . 289 1,217 830
M I £ ] 15 217 “LG ird 543 1,135 %40
P kgt T e I 405 1,301 ]
1911 290 i ABE 13l 584 288 £ 1,267 87
19l L4 703 =119 iF 454 El] = 1,788 1,014
10k % 14 H 5 L83 1wz 493 i 1,460 1,078
1414 J"L g =gy G4 1763 *25 307 : 1,388 1,123
. S Y | . e -

L foinl prains inviude wheat, barley, corn, aod vata; ylelda sre ealeulsied rnn basis of area sown.

? mata 4o 194% are L-yerr averages, Inzludlrp rice and wheal only, aml eovering ail of Hritich India.
Baty after 1938 e -lude Pakiston and in-iude, in aidition to wheat and rire, orn, fowar, b jra
bariey, asd ragf, wur exnluding ~mell pilldels.

* Rle, whenl, wnd barley Inluded.

* DInta insivde whoat, barler and oateo.

* ¥heot, core, and oata ondy inm carly years; rloe and barley ndded in 1%03; grein surghums added in
159,
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ro 2.2 percent per year in India, India alone among the case-study
countries has both a dense population and a continuous rapid raca
of population growth,

Each of the 3 leading grains--rice, wheat, and corn--is well
represented in the case-study countries, Rice dominates Japanese
agriculture, accounting for some three-fourths of total grain
production, Wheat is the principal grain grown in Australia, where
it accounts for four-fifths of tatal grain output. Corn ig the chief
grain in the United States, exceeding all other grains combined in
quantity produced, Rice is the principal grain produced by Indian
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farmers, accounting for

nearly half of rotal grain output, In the
United Kingdom, barley

ig the leading grain, followed by wheat and

berature, rainfall, and leve

. It is espe-
cially representative of Denmark, Belgium, West Germany, France,
Sweden, and the Netherlands,

Japan has an advanced rice culture with a land-man ratio that
Is quite low, whick is instructive when considering other densely

populated but less-advanced rice cultures such as India, China,
Pakistan, Indonesia, and Ceylon,

India was selected becau

o S g

e

Se in spite of its boundary changes
it has the most reliable data among the 4 most populous less-

developed countries, India's problems are in many ways similar
to those of China, Pakistan, and Indonesia, Together rthese 4
countries contain 1.4 billion beople, nearly half the world total,
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examples of increasing grain yields in the broad semiaiid grain.

Producing helt stretching across Norrh Africa, the Middle East,
and central Asia to the Pacific Ocean,

Japan: An Early Takeoff

An analysis of the long-term trend
of particular interest because it wag o
the first, country to experience a gr
Eﬁfceoff, first in evidence ahout 188¢
certainty by the turn of the century, pr
United Kingdom and the United States by

Contrary o widespread opinion, yea
never been rapid or dramatle, But t
Steady and consistent,
gained an average of 1

in grain yields in Japan is
ne of the first, or possibly
ain yield rakeoff, Japan's
{fig. 1), and becoming a
eceded the takeoffs of the
half a century,?

;. T R i e R i Ea et A
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hey have been remarkably
From 1878-80 1o 1901-05, grain yields
+2 percent per year (table 2); during the
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GRAIN YIELDS IN JAPAN AND INDIA

5RAMS PER ACRE™ |
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Figure 1

first 4 decades of this century, from 1901-05 to 1936-40, yields
increased 1.1 percent per year; and, although yields dropped
sharply as a result of the collapse of the Japanese eccnomy fol-
lowing World War II, recovery was rapid with the result that the
rate of increase in yields between 1936-40 and 1960-62 averaged
a very creditable 1,1 percent per year.

W. W. Rostow comments that income takeoffs are often asso-
ciated with some particularly sharp stimulus (77, p. 38), Inctuded
are political revolutions, key technological innovations, and changes
in the international environment. The same appears to be true for
yield takeoffs. In the case of Japan, the stimulus appears o have
been the Meiji restoration of 1868, Before 186t, Japan consisted
of some 200 rather loosely federated feudal baronies scattered
throughout the islands comprising present-day Japan, But after
the Meiji restoration, Japan had a strong unified government for
the first time, The national government, recognizing that some
areas were advanced agriculturally while others were quite back-
ward, was active in supporting the spread of the more advanced

1
:
!
!
]
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i
i
A
1

2Average annual rates of increase used here and throughout this swudy ars
compound rates,

14

z.!ah o B it s ek AL AR ot e o R o i S T A T R v ok L F e T M i B kT




e b

Table 2.--Change in pgriin yield per scre in selected countries for selected
historical periods, 1866-1963

Eayliest period 1901-05

to

to
1936-40

1936-40
to
1951-53

1951-53

Total change {percent)

4.0 +18.4 4 443.5
H.4. -3.9 -12.3
432.0 +47.7 -1.5
United Kingdom +1.9 +11.3 +26.7
United States +7 .6 7 1.6 +23 .4

- - - Amual compound rate of chenge {percent)

0.3 +0.5 +2.
N.AL -0.1 -0,
+1.2 +1,1 ~0.
United Kingdom +0.1 +0.3 +1.
iUnited States +5.3 o) +1.

* The years covered in this period are: Australia, 1886-90 to 1901-05;
Japan, 1878-80 to 1901-05; United Kingdom, 1884-85 to 1901-05; United States,
1B86-70 to 1901-05,

% For Indis, 1948-50 was substituted for 1951-53 since yields in both 1951
and 1952 were, in all) probacility, the lowest of this century.

? For Japan, 1963 was onitted because yields of winter grains in 1963 were
less than helf of normal.

4 Most of the increase recorded for this period oceurred after 1946.

5 pata pertain to British India in 1901-05 but thereaCter they pertain to
the area covered bty post-partition India.

© It should be noted that the increase in yields was largely recovery,
i.e., regalining the levels prevailing before the disruption associated with
World War II and partition in 1947,

? For the United States, 1936, an sbnormal year, was omitied from the
average.

Spurce: Derived [rom Table 1.

practices, In the words of an FAQ study, "From the beginning of
the Meiji period there had been a spontaneous spread of improved
practices that had been developed by cutstanding farmers through
a process of trial and error' (41}, Isolated advances had occurred
from time to time before the ﬂ_eiji restoration, but they were not
broadly disseminated untilafter unification, This spread of improved
practices developed by individual farmers or particular villages
was undoubtedly a major factor contributing to the rather abrupt
yvield takeoff in evidence by 1880,

In addition to the spread of improved agricultural practices
developed indigenously, the latter part of the 16th century was alsc
characterized by a search for improved farming techniques abroad,
Japanese officials visited England, Germany, the United States,
and other advanced agricultural nations, learning of new scientific
practices that could be applied to Japanese agriculture, Many
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mistakes were made in attempting to transfer techniques devel-
oped for large-scale farms of the West to Japan's very small
farms. But Japanese agriculturists learned much about the scien-
tific approach to agriculture, They gained particularly from infor-
mation obtained on chemical fertilizers and how they might increase
yields,

Perhaps the single most important fact influencing the his-
toriczl trend in grain yields was the early realization that higher
yields were essential to Japan's overall develepment, Possibilities
for expanding the area cultivated were already quite limited in
1868. The area under cultivation roday is little more than it was
in the latter part of the last century, when the yvield takecff began,

Because grain production in Japan consists largely of rice, the
discussion of facters contributing to the long-term graduzl rise
in grain yields will focus on rice., Althcugh many factors have
contributed, 3 are dominant, These are (1} water control--the
construction and improvement of facilities for irrigation, drainage,
and storage of water; (2) the use of chemicalfertilizers; and (3) the
development of improved varieties, especially varieties thatrespond
to chemical fertilizers, '

Ancther contribution to raising rice yields was the development
of the method of rice cultivation now commonly referred to in
rice-producing countries as the "Japanese paddy method,” This
method differs from both the traditional broadeast and the trans-
planting method us:d in most other Asianrice-producingcountries,
With beth the tyaditional transplanting method and the Japanese
paddy method, rice seedlings are started in a protected seedbed
and transplanied into the field by hand, But with the Japznese paddy
method, plants are carefully set in rows, so hand cultivators can
be used. Planting in rows helps farmers cbtain more uniform stands,
better ventilation, and optimum plant density. The Japanese paddy
method also requires heavy applications of 7. -ilizer anda depend-
able source of water,

Throughout most of the pericd from the restoration in 1868 to
the present, rice prices trended generally upward, Inrecent years,
the upward trend has been sustained by government support of
prices, As a result of this long-term trend, Japanese producer
prices for rice are today far higher than in any other major
rice-producing country,

In summary, Japan's yield takeoff was a difficult one. It was
achieved with a minimum of mechanization, a low level of per
capita income, and at a very early stage of development, If the
vield takeoff had been much more difficult, it might well have
failed. And, with its failure, the chances of a per capita income
takeoff would have diminished greatly.
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United Kingdom: Takeoff Postponed

Grain production in the United Kingdom consists largely of
wheat, oats, and barley, Available evidence indicates that per acre
yields of these grains have been movingupwardonly very gradually
over the past several centuries, From the time national yield data
first became available in 1884 until the advent of World War II,
the average rate of increase was only 0,2 percent per year. But
from 1936-40 o 1951-53, the rate of increase was 1,7 percent,
And during the 1950's, it climbed still further to 2.7 percent,

A first glance at the historical trend in grain yields in the
United Kingdom is likely to be misleading as to the actual dare of
takeoff (fig, 2). The level of grain yields, static from 1884 to the
late 1920's, when they began to rise slowly, would suggest the
beginning of a takeoff arcund 1925, But actually the modest yield
increases in the late 1920's and 1930's were not necessarily the
result of changes in technology as would be needed to generate and
sustain a rising yield trend, i.e., a yield takeoff, These early
modest increases from 1925 to 1940 seem due more to the large-
scale reduction in area planted to grain during this period than to
any other single factor,

GRAIN YIELDS IN SELECTED COUNTRIES

KILOGRAMS PER ACRE

- United Kingdom

1,200

United States

”»
”o‘ LA ‘!f‘ﬂ.q oty e -y

|

Auvustralia
MOTE: DATA FOR ALL GRAINS COMBINED, PLOTTED
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major nutrients--nitrogen, phosphate, and potagh) And fertilizer
consumption, though high in comparison with many other countries,
1s still rising Steadily,

As a result of the similarity of grain-growing conditions, a
large proportion of the wheat produced in the United Kingdom
consists of varieties originally developed in Germany, Belgium,
Sweden, and France,

In reviewing the long-term grain yield trend for 1884 fo 1963,
cextain things stand out, One is the tardiness of rhe grain yield
takeoff--.it was quite late, compared with both the income takeoff
in the United Kingdom and the yield takeoff In other countries,
notably Japan, Thig is undoubtedly explained by the fact that the
United Kingdom was the first country to industrialize, Thus, it
was able to exchange its technology, in the form of manufactures,
for raw materials and foodstuffs,

Stated otherwise, it was profitable to channel resources into
industry, generally neglecting agriculture, at least untii World
War II, Had agriculture received more attention, the yield-per-
acre takeoff would undoubtedly have occurred much earlier,

A second factor is the evident importance of favorable grain
prices in achieving the yield takeoif, Various government efforts
t0 support grain prices during the latter years of the depression
of the 1930's foliowed by the extremely favorable Prices caused
by the food shortages of World War II Provided the incentive for
the yield takeoff,

The unquestioned importance of prices in raising per acre
vields during World War 1, however, raises a question concerning
ylelds during World War I. Why did not farmers respond to the
extremely favorable grain prices by raising yields? Between 1915
and 1922, the average price received per bushel of wheat was at
least double that of the 1910-14 Period, The area in grain expanded
some, but not nearly as much as in World War II, And yet grain
yields did not respond at all,

United States: Frontier #o Takeoff

The history of grain production in the United States divides
clearly into 3 periods, During the first, lasting until about 1915,
grain production was increagsed by expanding the area; yields
remained essentially unchanged, This was the frontier period,
During the next Period, lasting approximately from 1915 to 1940,
the area in grain did not increase further, and because yields alsr

o This is discussed in more detail int Chapter V1,
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failed to incruasr';, production did not increase, The third period,
dating from apou:; 1940 to the present, contrasts sharply with the
second periodk_iaa"that it was a period of rapidly rising yields--and
therefore, rapidly rising output,

The United States provides a clear-cut, well-documented
instance of a country making the transition fromthe area-expanding
method of increasing output to the yield-raising method. Also
clearly documented are the difficulties experienced by one of the
world’s most technolegically advanced countries in attempting to
make this transition,

Professor T, W, Schultz (78, p. 23), though not referring
specifically to the difficulties involved in making the transition
from the area-expanding to yleld-raising method of increasing
food ocutput, does touch on it indirectly indiscussing the difficulties
invoived in expanding total agricultural output during World War 1,

"Yet, once settlement had been essentially completed as it

had been prior to World War I, there came a period when
agricultural production hardly increased at all. The many
efforts to expand agricultural production during World War I
made clzar that expansion was becoming difficult, The farm
output of 1917-19 was only & percent more than that of 1910-12,
The upsurge began toward the beginning of the thirties when
the effects of the slowly accumulating advance of the agricul-
tural sciences upon production was becoming significant, The
investment in farm people through agricultural extension
activitles and more schooling made for the adoption of these
modern factors and their effective use by farmexrs,”

Not only was it difficult to expand output during World War I but
it should be further noted that annual grainoutput during the 1910-19
decade was greater than that of either of the two following decades.
Even as late as the 1938-40 period, a perlod of about average
weather, grain production was still 1 percent below the 1910-12
average, Before examining average yield trends, it is necessary
to examine indirect influences on grain yields such as trends in
grain acreage, shifts in geographic location and compesition of the
grain preduction pattern, The last half of the 15th century was a
period of dramatic expansion in the grain producing area, first
pushing beyond the heavily settled Eastern States Into the Mid-
western Corn Belt region and then finally filling up the vast
expanses of the Great Plains, Although the settlement of the Corn
Belt somewhat preceded that of the Greatr Plains, the ratio between
corn production and wheat production did not change greatly from
the Civil War to the end of the expansion period in 1915, As a
result, the average vield per acre of ail grains combined also
remained rather steady throughout this period.
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Few countries have ever experienced an expansion of the agri-
cultural area matching that which followed the Civil War in the
United States, The area in grain had surpassed 50 million acres
by 1866, During the next Several years of uninterrupred eXpansion,
the area of grain harvested doubled, exceeding 100 million acres
in 1877, just 11 years later, This expansion continued until 1899
when grain acreage leveled off at about 175 million acres, and
remained remarkably stable for 10 consecutive years, In 1909,
acreage again began to expand, reaching 211 million acres in 1915,
an area tc be exceeded only a few times in the fellowing half
century,

Between 1915 and rthe early 1950's, grain acreage consistently
ranged between 190 and 210 million acres, eXcept in unusual years
such as 1934, when severe drought reduced the area harvested
below 150 million acres, Acreage restrictions and substantial
increases in fallowed land resulted in a steady decline in grain

acreage during the 1950's and early 1960's, By 1962, the harvested
grain acreage had dropped to 151 million acres which was, with
the single exception of 1934, the smallest acreage harvested since
the early 1890's,

Over the 35-year span from 1866~70 to 1801-05, the area in
grain nearly tripled, but yields increased less thap 8 Percent or
at a rate of scarcely 0,3 percent per year (table 3), During the

Table 3..-lUnited States: Change in grain yields during selected
historical periods

1866-70 1501-05 1936-40 1951-53
to to 1o to
1901-05 1536-401 1551-53 1961-63

8.5
24,7

+10.8
BTl iirinrinnnas +27 4

Bicerasnravsnineran +5.8
Crain sorghum....... 3 +47.8

- - -Annual compound rate of chenge (nercent)- -

O e s v st rasisrannns +H1.1 O +2.9
Whetteeeessisinannas +(.4 -0.1 +1,6
1.1 - T +0.3 0
Barleyiceieieiiianas .2
Bicerarernresasnnans +1.1

Grain sorghums....,. -2

! Unfavorable weather in 1936, resulting in unusually low yields, tends to
degress the 1936-40 average yield slightly.
Period covered is 1909~10 4o 1936-40.
? Pericd covered is 1929-30 to 1936-40.

Source: U.S. Dept. Agr. Agricultural Statisties, 1962 apd 1963,
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next 33 years, from 1901-05 to 1936-40, acreage increased
slightly and yields declined slightly, Thus, cver the 70-year period
from just after the Civil War to the years immediately preceding
World War II, grain vields per acre remained essentially un-
changed,

But in the late 1930's and early 1940's, yields began to trend
upward, rising 23 percent or 1.5 percent per year from 1936-40
to 1951-53, And this was only the beginning, During the next 10
years, 1951-53 to 1961-63, grain yields increased 59 percent, or
nearly 5 percent per year.

It was noted above that neither increases in the total area in
grain nor shifts in the geographic location of grain production
seemed to greatly influence average vield levels (539, chapter IT),
Still another factor that could appreciably influence yvield levels
and trends would be shifts in the relative impertance of various
grains with widely varying vield levels,

in this respect, the nst important relationship would be the
ratioc between the acreage in corn, by far the highest yielding
grain, and the acreage in the lower vielding small grains, Corn
has always dominated U,S, grain production, It accounted for close
to three-fifths of the toral grain acroage In the year immediately
following the Civil War, This share gradually declined until it was
down close to two-fifths as of the early 1960's,

This gradual decline in the share of grain acreage planted to
corn would have a tendency to lower the average yield of all grains
combined, Offsetting this tendency, however, was the fact that corn
yields increased much more rapidly than those of the small grains
such as wheat, barley, and oats, And inrecent years, the expanding
acreage in the high-yielding grain scrghums has also had an off-
setting effect,

There is no precedent in any country to the dramatic year-to-
year gains in grain yields achieved in the United States during the
decade from the early 1950's 1o the early 1960's, Each successive
year from 195] to 1963, the national average grain yield was higher
than th= year before, except in 1959, when it dropped back slightly,
The 4,8 percent rate of annual increase, if sustained, would result
in a doubling of output every IS years, In its broadest sense, this
accomplishment is the result of the unleashing of a rapidly grow-
ing, very advanced agricultural technology in the hands of highly
skilled, scientifically oriented farmers, The unusually rapid in-
creases of the past decade, however, also reflect acreage controls
and the consequent intensification of land use,

5Acreage in rice and rye, the 2 remaining grains, is not large enough to
appreciably influence average yields of all grains combined.
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There is no single factor responsible for the rapid 1.5, yield
increases. Rather, there are many, And they vary with individual
grains, Corn seems to be the beneficiary of 2 large number of new
and improved inputs. Among these are increasingly efficient hybrid
varieties; the steadily rising rates of fertilizer application, espe-
cially nitrogen, and the use of herbicides coupled with reduced
cultivation. Also contributing has been the reduction in the share
of the corn crop grown in the low-yielding Southern States, The
9 percent annual rate of increase in grain sorghum vields over
the past decade is due largely to the development of hybrid vari-
eties,

Summer fallowing has become increasingly common in wheat-
growing regions. In recent years, there has been at least 1 acre
of land in fallow for every 2 acres of wheat, Fallowing conserves
moisture in areas with low rainfall and thus contributes to higher
yields and reduced chances of crop faiture, But fallowing is not
widely used with any grains other than wheat,

Mechanization has also contributed much to the rising yield
trend, Modern farm equipment permits farmers to take advantage
of good weather and minimize the effects of adverse weather,
The effects of more adequate and more timely tillage, though
not easily measured, have contributed to the rising yield trend.
High-pressure field sprayers permit farmers to apply fungi-
cides and insecticides with an efficiency and effectiveness not
previously known, ®

Still another important factor contributing to rapid vield
increases, particularly over the past decade, have been acreage
controls. Reductions in planted acreage have stimulated yield
increases in 2 ways., First, land taken out of production has
usually been of less-than-average quality. Second, the use of
yield-raising capital inputs, such as fertilizer, has not been
reduced commensurate with the reduction in acreage, The
combined effect of more capital inputs per acre on land of
higher average quality has been a strong boost in cutput per
acre,

Certain things stand out in the UJS. experience, Two are
dominant, The first was the great difficulty involved in making
the transition from the area-expanding method of increasing food
output to the yleld-raising method. Two and a half decades were
required to make the transition, The second point of interest
concerning the U,S, experience is the dramatic rate of increase

® No atternpt will be made here fo survey exhaustively the various factors
responsible for Increasing yields, The factors are discussed on an international
level in Chapter EX,
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in yields, once the yleld takeoff was well underway,
rate of annual increase Prevailing in recent

Precedent; it has never been closely approach
country,

The 4,8 percent
Years is without
ed by any other

Australia: A Recent Takeoff

Grain yields in Australia have been trending upward since the
1y. But it was not ungil after World War IT that the
takeoff occurred, From 1901-05 to 1936-40, the annual rare of yield
increase was 0,5 percent per year, Much of the increase during
this period, however, refiected recovery from unusually low
average yields in the 1901-05 base period, Except for variations
due to Weather, yields remained remarkably constant from 1905-10
to 1940.45, showing no pronounced long-term trend,

After World War II, vields rose quire abruptly to a new Plateau
and then in the 1960's to still another plateau, The annuval rate of
Increase from 1936-40 to 1951-53 was 2.6 Percent, This dropped

951-53 to 1961-63, but this is Probably an
rogress made in developing a yield-raising
capability, since the area under grain expanded some 50 percent
during the 10-year period, Acreage expansions of this magnitude
usually involve bringing Iess-than—average quality land into pro-
duction, Australia i the only case-study country to generate a

ng the area under cultivation,

started in Australia, continuous
5 wheat growing expanded inland
as ylelds began to decline on the
£ was introduced, Wheat, accounting
now produced in Australia, is grown
nt along the southern coast, Because

distance inland, wheat is seldom
grown more than 300 miles from the coast,

Callaghan, in discussing the

understatement of the p

cropping was practiced, Later, a
into the lower rainfall areas ang
older cultivated dareas, fallowin
for four fifths of all the grain

relationship between rainfall and
the areas producing wheat, 5ays, "The Australian wheat belg

appears to have become stabilized within the areas rhat receive
between about 9 and 15 inches of rain during the period May to
October" (20, p. 34), He then observes that in regions where
wheat is broduced, a growing-season rainfall of about 17 inches
seems te give maximum ¥ields,

Australia's dependence on agriculture for domestic and export
earnings has caused farmers to be quite conscious of yleld trends,
This concern over yields was aoticeable as far back as the
late 1890's when vields were trending sharply downward, It was
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discovered that the soil was generally deficient in phosphorus,
Farmers began using superphosphate and succeeded not only in
arresting the downward trend in yields, but in generating a modest
upward trend a2s well,

After World War II, and particularly since 1950, the area in
fallow has begun to decline, reversing a long-term trend extending
well back into the last ceatury, Several factors are responsible,
Yields were declining in some parts of Australia as a result of the
2 year wheat-fallow rotation, Working the land during the fallow
year to control weeds was causing a deteriorationof soll structure,

Two other factors occurring concurrently--the pronounced rise
In world prices of livestock products, particularly wool, and the
introduction or discovery of suitable pasturing plants--have also
contributed to the' reduction in fallow, Wheat farmers found it
economical to sow wheat land in pasture periodically for a few
years. A few years in pasture often improved the soil structure
and in many cases proved to be a desirable alternative to the
traditional fallowing of wheat land. The area Sown to grasses and
clover (excluding native grasses) increased from about 20 million
acres to nearly 36 million acres in 1960 (3, p. 114),

As In the other countries where yield takeoffs have cccurred,
favorable prices have played a key role. Since the early 1930's,
when Australian farmers, like farmers elsewhere, were hard hit
by declining grain prices, various efforts have been madr, to sup~
port and stabilize grain prices, These have included a flour tax
paid by millers and used to provide relief to wheat growers, and
4 guaranteed minimum price, usually defined in terms of produc-

tion costs, for at least a portion of the wheat exported,

In recent years (60, p. 6), a price stabilization fund, financed
by the proceeds from an export tax has provided the financial
wherewithal for the Australian government to guarantee prices,
When the export price drops below the guaranteed price, funds
are appropriated directly for deficiency payments to growers,

India: When Will The Takeoff Cececur?

India is the only cagse-study country that has not yet achieved a
yield takeoff. Grain yields declined between 1936-40 and 1951-53,
then trended upward from 1951-53 to 1961-63, But the gains
recorded during the last decade were not all real gains, but gains
partly, and perhaps largely, associated with postwar and post-
partition recovery,

Grain yields per harveated acre averaged 296 kilograms per
acre during 1901-03; 277 kilograms from 1956 to 1960; and 305
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kilograms from 1961 to 1963, Yields during 1956-60 were below
those of 1901-05, But from 1901-05 to 1961-63, a 59-year period,
they increased 3 percent,

India's grain production pattern is more varied than that of the
other case-study countries, Rice is the grain produced in greatest
quantity, but it accounts for well below half of total grain output,
Wheat ranks second, After wheat come several minor grains,
including corn, barley, and various types of millets such as jowar,
bajra, and ragi. All grains produced in India are food grains since
grain supplies are too meager to permit much feeding to livestock,

Irrigation figures more prominently in grain production than
in any of the other case-study countries, except Japan, Most of
the rice acreage in India and about a third of the wheat acreage
is irrigated,

The millets are grown in low-average rainfall areas with dry-
land farming techniques, Yields of the millets, especially jowar
and bajra, average only 150-200 kilograms per acre--scarcely
half the yield levels of rice and wheat,

Indian agriculture is strongly influenced by the seasonal distri-
bution of annual rainfall, Three-fourths of the annual rainfall
comes during the monsoon period from June to September, The
rermaining one-fourth falls mostly during the periods imnmediately
preceding and following the monscon, leaving 5-7 months with
virtually ro rain at all, Improved practices such as methods of
planting, tilling, and fertilizing must take into account the heavy
rains of the monsoon as well as the long, dry period that fol-
lows,

The problems facing [ndian agriculture as it atiempts to
achieve a yield takeoff are formidable, Research on grain pro-
duction and seed improvement is mtuch more costly in India than
elsewhere because of the large number of grains produced, Whereas
Australia can concentrate its research efforts on wheat and Japan
on rice, India must distribute its limited research resources
among several grains,

In addition to the cesnplications associated with the need to
have several major research programs--one for each grain--the
results must be translated and published in several different
languages, States in India are organized along linguistic lines,
each of the 16 States having a different language, And beyond this,
most of the major languages break down further into several

7 The practice of multiple cropping in India, though nc'. very widespread,
has bhecome more common in recent years, due largely to the increased avail-
ability of water for irrigation during the dry season. Thus, output per acre of
cropland has been rising slighrly more than output per crop acre harvested,
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dialects, Thus, if results of research conducted in one State
are to be useful elsewhere they must be translated and published
in the languages of other States,

Native varieties, although well adapted to localseiland climatic
conditions, often do not respond well to fertilizer, Varieties intro-
duced from the United States or Japan quite often respond to ferti-
lizer, but do not adapt well to local conditions,

But perhaps the greatest single handicap is the difficulty
encountered in getting information to farmers, India, though having
a cultivated 1and area of about 350 million acres--about the same
as the United States--has 60 million farmers, compared with fewer
than 4 million in the United States. Thus, to cover the same area
of farmland, Indian extension workers must work with 60 million
largely illiterate farmers, How effective would the highly trained,
proficient agricultural extension service of the United States be
under similar circumstances?

Still another problem facing Indian agriculture is the low level
of incomes and consequent lack of capital for investment in agri-
culture. Incomes that are always near the subsistence level make
capital accumulation difficult, As & resuit, land and labor are the
principal inputs, Capital inputs are usually limited to items such
as seed, tillage implements, and bullocks to draw the implements,
Only a very small share of Indla's 60 million farmers have ever
used such agricultural chemicals as fertilizer, insecticides, or
fungicides,

Grain yields in India today are quite low by international
standards, During the 1961-63 period, average grain yields were
less than one fourth those in more advanced countries such as
Japan or the United Kingdom, Grain yields, though showing a
tendency to rise in recent years, have changed little over the
6-decade period for which data are available,
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Summary of Yield Trends

Long-term yield trends in the case-study countries, varying
in length from 68 years in India to 98 years in the United States,
show quite clearly the existence of the yield per acre takeoff
phenomenon, Long-term yield trends can be divided into two
phases or stages--the pretakeoff stage and the posttakeoff stage,
The pretakeoff stage is characterized by near-static yield levels;
the posttakecif stage by steadily rising yields,

Evidence indicates that yield takeoffs are not easily achieved,
even in economically advanced countries. Once underway, how-
ever, yield takeoffs appear to be irreversible except in time of
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war or some similar disaster, And thus far ali have continued
indefinitely-~the rising yield trends have not leveled off or shown
any tendency to level off. Japan's steadily rising yield trend has
continued unabkated, except during World War II and the subsequent
recovery period, for the better part of a century.

The yield takecff, as an agricultural phenomenon, appears to
have the same definable characteristics whether it be in a semi-
arid wheat-producing economy such as Australia, a high-rainfall,
rice-producing economy such as Japan, or a highly diversified,
grain-producing economy such as the United States,

Each of the case-study countries except India has experienced
a yield takeoff. Japan, the first of the group to do s0, managed its
takeoff during the last quarter of the 19th century, It was more
than half a century later--near the middle of the 20th CENTHIY-—
before the other case-study countries, the United Kingdom, the
United States, and Australia, were able to generate yield takeoffs,

Japan's experience differs substantially from the other case-
study countries in that irs takeoff took Place at a very early stage
of economic development, The United Kingdom, United States, and
Australia were quite advanced at thetimeof yield takeoff. Australia
differed from the other countries in thatithad not nearly exhausted
the supply of cultivable land at the time of its takeoff,

The annual rate of yield increase since takeoff varies widely
among countries. Japan, which initiated its takeoff at a very early
stage of development, has consistently maintained an annual com-
pound rate of increase of between 1 and 2 percent, Australia, the
United Kingdom, and the United States, achieving takeoff much
more recently and at a much later stage of development, have
maintained considerably higher rates of annual yield increase,
Rates of increase for the 3 countries respectively, from 1938-40

to 1961-63, a period roughly coinciding with their vield takeoffs,
are 1.9, 2,1, and 2.8 percent,
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Chapter IV. --RELATIONSHIP BETWEEN
INCOME TAKEOFF AND YIELD TAKEQFF

The relationship between the takeoffs in income per person and
In yleld per acre has received little attention in the past, and
understandably so, Limitations on the supply of cultivable land
did not pose a major problem for those countries which indus-
trialized earlier, The early developing countries of Europe could,
when faced with pressure of population on the land, trade their
manufactures with the rest of the world for foodstuffs and raw
materials. And if this was not sufficient, population pressure could
be relieved by emigration to the New World, -Australia, New
Zealand, or other sparsely settled regions,

Others in the first group of countries to industrialize were the
newly setried countries, such as the United States, Canada, Aus-
tralia, and New Zealand, Those countries were well on the way to
industrialization before their supplies of cultivable land were
exhausted, Stated otherwise, these countries experienced anincome
takeoff long before it was necessary to start raising yields in a
rapid, sustained fashion,

But those countries attempting to initiate development today
do not have a technological advantage over the rest of the world,
Possibilities of large-scale emigration to relieve population pres-
sure no longer exist, And in most of today's less-developed coun-
tries, frontiers have long since disappeared,

Thus, given no appreciable opportunity for expanding the
cultivated area, given continuing dependence on indigenous agri-
culture for the food supply, and given the current unprecedented
rates of populaticn growth, the essentially *'fixed-land," less-
developed countries are faced with these alternatives;

(1) Achieving a yield takeoff with annual increases approxi-

mating annual population increases,

(2) Accepting a decline in per capita food output and an eventual
rise in the desth rate 2s a result of severe malnutrition or
starvation,

{3) Becoming increasingly dependent on food produced in devel-
oped countries and supplied on concessional rerms,

Most of the less-developed countries attempting to develop

today do not have much new land available for cultivation; they
are dependent on traditional agriculture for their food supply; and
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they do have population growth rates of 2 to 3 percent per year, If
these countries do not succeed in generating a vield takeoff, the
alternatives--declining per capita food outputor increasing depend-
ence on external sources of food-~are, at best, not conducive to
development, and either alternative could forestall an income per
person takeoff for the indefinite future,

Thus, an understanding of the relationship between the income-
per-person takeoff and the yield-per-acre takeoif is essential to
understanding the problems confronting the great majoritv of coun~
tries now attempting to industrialize,

Usual Sequence of the Two Takeoffs

Australia, Japan, the United Kingdom, and the United States
have experlenced a takeoff in both income per person and yvield
per acre (takle 4), The income takeoff substantially preceded the
yield takeoff in each of these countries, except Japan, where the 2
takeoffs appear to have occurred simultaneously (fig, 3),

Table 4.--Estimated dates of income per person takeoff and
yield per acre takeoff in case-study countries 1

Income per Yield per

Count
hetd perscen takeoff acre takeoff

United Kingdomesaasaasss 1'783-1802 1937-1954
United StateSisenvscesens 1843-1860 1938-7956
BIE: Y 1= PPN 1878-1200 1880-1900
Australia..... 1910-1925 1946-1963
Indig.... ? ?

1 Income takeoff dates are trom Rostow (zz, p.38) except
that for Australia, which is author's, Yield takeoff dates
are author's.

Consgiderable variation exists as to the time lapse between the
2 takeoffs., The time lapse was longest in the United Kingdom,
where a century and a half separated the 2 takeoffs. The 2 takeoffs
were nearly a century apartinthe United States and about 4 decades
apart in Australia,

The United Kingdom, the first country to experience an income
takeoff, was able to postpone the yield takeoff for several reasons,
Chief among these was the fact that it was more profitable for the
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TAKEOFF DATES: INCOME PER PERSON AND
YIELD PER ACRE, SELECTED COUNTRIES
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Figure 3

United Kingdom tc capitalize on its early technological lead by
exporting manufactured goods and Importing foodstuffs and raw
materials. Also, opportunities for emigration to the New World,
Australia, and New Zealand were almost unlimited,

Thus, the United Xingdom, though it achieved an income takeoff
in the latter part ofthe 18thcentury, did not generate a yield takeoff
until the ocutbreak of World War II, An effort to generate a yield
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takeoff during World War I, when food was in short supply, met
with no success,

The income takeoff in the United States occurred in the middle
of the 19th century--just before the Civil War. At this time there
were still vast areas of cultivable land awaiting settlement; there
was no need for a yield takeoff, But by 1915, the supply of new land
was virtually exhausted. It was not until the oubreak of World
War II, however, that yields began to rise, Nearly a century
elapsed between the 2 takeoifs,

Australia's income takeoff preceded its yield takeoff by about 4
decades, Australia's case ig unique inthatits yield takeoff occurred
while the area under cultivation was still expanding, This concen-
tration of effort on raising yields might reflect, more than anything
else, the less-than-average quality of the land being brought under
cultivation,

Japan's experience in generating the income takeoff and the
yleld takeoff at the same time is unique among the countries to
industrialize early, It should be noted, however, that simultaneous
or near-simultaneous takeoffs may become the rule rather than
the exception in the countries now trying to develop,

Interdependence of the Two Takeoffs

The income-per-person takeoff and the yleld-per-acre takeoff
were rather independent of each other in most of the countries
that are now highly industrialized, But for those counrries struggling
to develop today--where the cultivable land supply is essentially
fixed and where possibilities for large-scale emigration are
nonexistent--the relationship between the 2 takeoffs is quite
different.

Those less-developed countries that have nearly exhausted the
supply of cultivable land before generating a per capita income
takeoff wili find both the income and yield takeoffs much more
difficult, The longer the lapse between the time of the income takeoff
and the time when a yield takeoff is needed, the easier it is to
achieve a yield takeoff and the more rapidthe rate of yield increase
after takeoff is likely to be,

At this point, it is useful to ask 2 questions concerning the
relationship of the 2 takeoffs in less-developed, fixad-land econo-
mies now attempting to industrialize. Can a yleld-per-acre takeoff
occur in the absence of an income-per-person takeoff? And,
conversely, can an income-per-person takeoff occur in theabsence
of a yield-per-acre takeoff? The answer to both questions is
probably no.
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Thereis considerable evidence in boththis chapter and chapter VI
Indicaring that a less-developed, fixed-land economy not experi-
encing an income-per-person takeoff will find it very difficult, if
not impossible, to attain a yield-per-acre takeoff. Butthe converse
is also true, As long as the number of people in agriculture is still
increasing, an income takeoff is not Yikely to occur in a fixed-land
economy in the absence of a yield takeoff,

Ogura (69, p. 618), in discussing the Japanese experience and
its relevance to other Asian countries, says, concerning the num-
bers dependent on agriculture;

"At the same time, however, the tempo of population growth
today is often so fast--faster than that experienced by Japan--
and the problem of finding employment for the growing work
force so great, that these countries can seldom countenance
methods of raising agricultural productivity which involve a
marked reduction in the size of the rural population, On the
contrary it is probable that as a rule the number of people
dependent on agriculture for employment will increase for
some decades to come,”

If a Iess-developed economy nearly exhausts its supply of culti-
vated land before it achieves a takeoff in yield per acre then, in
addition to being faced with either 2 decline in per capita food
output or increasing dependence on external sources of food, it
may well experience a decline in the labor productivity of the
rural population, Given, on the one hand, the essentially fixed
area of cultivated land and the 1nability to generate a yield takeoff,
and on the other, the continuing growth in the number of people
dependent on agriculture for thelr livelihcod, a decline in the
productivity of agricultural labor is Inevitable, If per capita
productivity or income is declining for a major part of the popu-
lation, then the prospects for generating an income takeoff for
the entire population are seriously diminished,

Most of the less-developed countries are today facing the
situation that Japan faced in the latter part of the last century,
Faced with intense pressure of population on the land and lagging
technology, today's less-developed countries have a seriously
reduced range of alternatives, Japan had to generate an income-
per-person takeoff and a yield-per-acre takeoff simulraneously,
So, too, will many of the countries attempting to develop today.
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Chapter V.--SOME FACTORS FACILITATING
THE YIELD TAKEOTF +

There are certain identifiable differences between those coun-~
tries in which yvields are essentially static and those in which they
are rising in a rapid, sustained fashion, This Chapter examines some
of the major differences. The 4 selected for discussion are
broad, generally econcmic, factors, They deal with literacy, in-
come, the market orientation of agriculture, and the nonagri-
cultural sector of the economy.

These factors are to a certain extent substitutable, A country
with a relatively high level of income, for instance, may be able
to afford the higher cost of disseminating new farming techniques
that are usually associated with low levels of literacy. It will thue
be able to generate a yield takeoff with 2 lower level of literacy
than would otherwise be the case,

Measures can be taken to compensate at least partially for
shortcomings in any 1 of the 4 factors, A country with a relatively
iow level of income but a high rate of savings may still be able to
accumulate enough capital to purchase yield-raising inputs and
generate a yield takeoff. Such may have been the case in Japan,
where the yleld iakeoff occurred during the latter part of the last
century when income levels were still quite low,

The inability of the nonagricultural sector of the economy to
supply the goods and services required to raise yields may be
compensated for by importlng many of the goods and perhaps
some of the services, Fertilizer, for example, is often imported
during the early stages of development. This represents a drain
on limited foreign exchange reserves but, given the need to ralse
yields, there may not be any practical alternative,

Services such as research and credit cannot be imported as
readily, Adaptive research using the basic research results de-
veloped in mwore advanced countries and adapting them to local
conditions must be done within the country,

The minimal level of development of any one of these 4 factors
required for a yield-per-acre takeoff may vary widely between
countries., The minimal level may vary with any one of many other

lSee Preface for discussion of the relationship beitween the term "pre-
condirions™ used by Rostow and the terminology used in this shudy.
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factors, including the type of agriculrure, social systems, land-
man ratio, soil fertility, and climatic conditions, Since the minimal
level of development of each factor reaquired for a yield takeoff
varies among countries, no effort will be made to specify a general
minimum for all countries.

The Level of Literacy

Definitions of literacy vary as do tests of literacy, giving rise
to the terms '"formal literacy" and "functional Hteracy,”" Some
tests reflect only reading ability, others both reading and writing
ability. The minimum age on which literacy rates are based usually
varies from 5 to 10 years of age but may be applied to the total
populace, including infants.

Literacy is usually higher in urban than in rural areas, A
soclety, which is 70 percent literate overall may be 90 percent
literate in urban areas, but only 60 percent literate in rural areas,
Literacy rates are also invariably higher among males than among
females, Literacy differences between sexes are usually more pro-
nounced in less-developed societies,

Progress in eradicating illiteracy, particularly in the early
stages, is often painfully slow, But like many other phenomena, the
growth of literacy seems to be self sustaining once well under-
way (figs. 4-6). Literacy trends by country show that once a
certain minimal level of literacy is attained, usually between one-
fourth and one-third, that it is only a few decades until the popula-
tion becomes largely or almost entirely literate. A lingering small
percentage of illiteracy often indicates a concentration of illiteracy
in some specific group or locale,

Literacy (tables 5 and 6) has a key role in the Gevelopment
processg. It provides both general and specific benefits; it broadens
the range of contact and expands the range of stimuli to which an
individual is exposed. Ideas, particularly complicated ones, move
with painful slowneas when they are dependent on oral media, Too,
It is difficult to transmit complex ideas very far with any degree
of accuracy.

Professor Schultz describes the importance of literacy in
disseminating information (79, p. 202).

"...the costs of producing and distributing new technical
and related economic Information to farm people are reduced
very substantially when published matarials can be used, When
farm people are effectively literate, farm journals and the
press generally become important vehicles of information. An
agricultural extension service can then also use bulletins,
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Figure 6

pamphlets, and printed instructions, which are for many pur-

poses much cheaper than meetings with farmers based wholly

on oral presentations,'

The Encyclopedia of Social Sclences in discussing the early
gpread of literacy through Northwestern Europe, touches upon the
usefulness of literacy in the modern economy (37, p. 511).

"...the most nctable extension of literacy in the early
centuries of the rmodern era took place among the middle
classes and was at first associated with the capitalistic revo-
lution, the development of foreign trade, the improvement in
systems of accounting, and the repeated verification of the
causative connection between pertinent information and eco-
nomic rewards,

A cost~profit calculus is nearly impossible for a farmer unable
to keep records and make simple calculations, To such farmers,
additional expenditures for a new improved input, such as hybrid
seed or fertilizer, are simply an additional expense with some
immeasurable sort of reward, There is no convenient way for the
illiterate farmer to link inputs made at planting time with harvest
or sales made many months hence.

Literacy levels vary widely by geographic regions, andthey are
higher for the developed regions than for the less-developed
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Table 5.--Iiteracy levels: Estimates for selected countries in North
smerice, Western Rurope, Fastern Murope, end Oceanla, 1900-1960%

A foput | About | About | gbout | About | About | fboul
Region and country 1920 1930 1940

North fmerice
Cansdi. ... 90 92
Undted States 94 96

Vestern Burcpe
Belgium.,ievuenens f 82 o4
England...... . - (3
Finland . 70 84

a2 a5

48 59

72 79

99 (*

34 38

56 -

99 (%)

30 53 69 --
61 85 90 ; 95 99
-- &7 s -- 96
11 55 -- 77 85
- 57 -- -- 98
40 50 53 75 80

Oeeania
fustralla 80 85 - G7 - -

1 PMgures are wnadjusted for changes in geographic boundaries. Data from
pefore World Wer II for Finland and the Soviet inion, for instance, pertain
to prewar boundaries. Meither are figures adjusted for variations in defini-
tions witnin a given couniry over time or between couniries. Iiterascy is
wsually defined as the ability to read or write, but sometimes it means sim-
ply the ability to read. Age groups covered may vary from the toial popula-~
tion to age 15 and up. Most often estimates apply to the population 10 years
of age and up.

£ J1literacy practically unknown after this time. At this point in a
country's educational development, the census gquestionnaire question "Can you
read and write?" is often replaced by the question "How many years of school-
ing have you had?®
Source: Principal among the numercus sources used was Progress of Literacy

in Various Countries {UNESCO) (88) and the Demographic Yearbooks for
1948 and 1955 (86). Other sources were (33; 36; 37).

regions. The populations of North America, Western Europe, and
Oceania are almost entirely literate, Eastern Europe's level of
literacy is high but probably not much above 90 percent.

Data for major countries in Asia indicate a regional level of
literacy not much above one -third, Incomplete data for Africa show
a level of literacy even less than one- third., The overall level of
literacy in Latin America, the third less-developed regicn, is
much higher, probably two~thirds or more.
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Table 6.--Literscy levels: Estimates for selected countries
in Asia, Africa and Latin America, 1900-1960%

. About | About [ About | About About | About
1 d
Region and country 1920 | 1930 | 1940 | 1950

Percent literate

i SELLERY SALeTaLe
Asia

36
40

Korea, South
Malaya, Fed. of...

Philippines
Thailand..........

Africa

Hyasaland
Tanganyika
South Afriea,

Latin America

Argenting -~ 88

44 --

V4 85
56 -
76 -- 82
32 35 g
46 57 65
42 - &7
43 49 82

1 Flgures are unad fusted for changes in Zeographic boundaries., Data from
before World War I for Indim, for instance, periain to prewvar boundaries,
Heither are figures adjusted for variations in definitions within a given
country over time or between countries. Literacy is usually defined as the
ability to read or write, but sometimes it means simply the ability to read.
Age groups covered may vary from the total population to age 15 and up.

Most often estimetes apply to the population 10 years of sg. and up.

Scarce: Prineipal among the numercus sources used was Progress of Literacy

in Various Countries { UNESCO) and the Demograghic Yearbooks for
1948 and 1955. Other sources were (35, 36, 37).

Venezuela
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Even more discouraging than the current low levels of literacy
in the less-developed Tegions, however, is the lack of progress

in eliminating illiteracy (table 7). United Nations estimates for
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Table 7.--Estimated stchool-uge populatlion and pupil emrollment at the {irst
{primary) level of education in the major less-developed regions of the
world, about 12560

Estimated Estimated Proportion of
Region school-age pupil school-age chil-
porulation enrolimant dren enrolled

Millions Millions Percent

Africa {35 couniries) 29,4 11.2 38
Arsh States (15 countries).. 13.3 6.5 49
Aein {15 countries) 120.1 66.2 51
Latin smerica {20 countries) 3.2 26.1 TG

.

TN i o R ey 2

Total (85 eountries).. 206.0 110.0 33

s

Sourse: (50).

1960 (90) indicate that in Asia only 51 percent of the primary-
schoolzge children were enrolled in school (table 7)., For Africa,
the proportion in school was estimated at 38 percent; in Latin
America, it was estimated at 79 percent. Clearly, where the per-
centage of children in school is as low as in Asia and Africa, near~
universal literacy is still far in the future, It will be several years
before all school-age children are in school, and then many vears
after that before illiteracy in the older, unschocled groups is
eradicated, Barring the development of widespread adult education
programs, a large proportion of the population in Asia and Africa
seems destined to remain illiterate a few more decades at least,

The following section investigates the relationship between
change in yield per acre of rice during the period from 1934-38 to
1960-62 and the level of literacy in each of the 13 major rice-
preducing countries, Subsequent sections do the same for the 27
major wheat-producing countries and the 23 major corn-producing
countries,
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Literacy and Rice Yields

Rice is the principal food staple in 5 of the world's 7 most
populous countries--China, India, Pakistan, Indonesia, and Japan,
These countries contain half the world's people, and in each country,
rice supplies one -third to one half of all calories consumed, In
each country except Japan, calorie intake levels are well bhelow
minimal nutritional requirements. Yet despite the overwhelming
dependence on rice and the lack of new land suitable for growing
rice, only limited progress has been made in ralsing per acre
yields,
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Literacy levels are low in most rice-producing countries. Of
the 13 major rice-producing countries (1 million acres or more in
rice), only 2, Japan and the United States, have near-universal
literacy (fig. 7). Only 2 of the 1} remaining countries have popu-
lations that are more than 50 percent literate, Three of the major
producers--India, Pakistan and Indonesia--have literacy rates of
only 13 to 25 percent, This lack of literacy, which limits the diffu-
sion of new ideas and techniques, is undoubtedly one reason for the
slow gains in rice yields that characterize most rice-producing
countries,

Rice yields increased in 11 of the 13 major producing countries
over the 24 years between 1035-39 and 1960-62, but at modest
rates (table 8), No country achieved a rate of gain greater than }
percent per year except Japan and the United States, both highly
Mterate, For several leading producers, such as India, Indonesia,
Pakistan, and Brazil, the rate of increase was less than 0.5 per-
Cent per year,

Yields actually declined in two countries--Thailand and the
Malagasy Republic, This is not too surprising in the Malagasy
Republic, because the population is less than one third literate,
Thailand, however, has a rather high level of literacy, especially
when compared with many other rice-producing countries, and
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LITERACY LEVELS AND CHANGES IN RICE YIELDS

% CHAMGE IN YIELD PER ACRE
1935-3% TO 1960-62
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Table 8.--Rice yields in maJor producing countries: Change [rom 1835-39
to 1960-621

¥ield per acre? Change [rom | fAnnua) com~

1935-39 1o pound rate
1935-39 19e0-623 1960-62% of change

Cat. Owt. Percent Percent

nited States....-. 22.4 35.0 +56 +1.9
Brazil..cvaune 12.9 14 +12 +0.5
U AR (Egyptlecsss 32.2 39,4 422
Malagagy Republic.. 12.7 12.1 -5

BUTTE s s s ssuvennmuss 12.4 14.4 +16
China {Taiwan) 23.8 29.7 +25
5 ¢ e 1 T 11.6 13.6 +17
Indonesin 14.4 16.2 +13
JEpAN. s rssrannaans 34.1 43.1 +26
Korea {South)...... 23.0 27.1 418
Paklstan...cveavees 13.0 14.6 +12
Philippines....uues 9.7 10.4 +7
Thailand.. 13.5 12.4 -8

+
o]
hele-]

B

v on s by

-

Lbbbhbbbb b
LWl vh =T AN =2 Oy

1 ¥ajor producing countries are those having 1 million aecres or more in
rice. ¢ In terms of rough rice. 3 For several corntries, 1962 date were
not yet nvailsble; so sverage is for 2 years only. % Percentage change cal-
culations based on unrounded yield figures. 7 1935-39 date for Java and
Madura only. 9 1935-39 data for prepartition Korea.

Source: U,S. Dept. Agr. Agricultural Statisties, 1949, 1962,and 1%63.

presumably should have been able to raise yields substantially.
Thailand, faced with a steadily growing population, nearly doubled
its rice acreage between 1935~39 and 1960-62. And, as is often
the case, most of the better rice land was already in production
before World War I Land brought under cultivation in recent
years has often been of less than average quality.

The United States, with its highly literate, scientifically oriented
farm population, raised rice yields 56 percent over the 24-year
period. This was nearly twice as much as in Japan, the second
most successful country in terms of rate of yleld increase. Clearly,
a high level of literacy makes a yield takeoff much easier,

Professor Schultz reaches similar conclusions concerning the
role of literacy In raising rice yields (77, p. 187):

"The new combination of inputs that accounts for the large
increases in rice vlelds in particular countries, notably in
Japan, have not been adopted by rice growersin those countries
where the farm people who grow rice are predominantly
illiterate,"

;
‘
]
f*'
i
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Literacy and Wheat Yields

Not one of the 25 major wheat-producing countries (2 million
acres or more of wheat) with a low level of literacy was able to

42

o M £ o A TR N T o e i T o A i e - . P
L 8 T Ak Nl b e e P v 4 b e A LAY i Pl iy i o b o N Sl B it i TR




R o e e Y

A o P

et B T T e S e g S R

ralse yields significantly during the quarter century between the
late 1%930's and the early 1960's (table 9), Average yizlds of wheat
per acre actually declined in Tunisia and Brazil, both countries
with low literacy levels,

A high level of literacy seemed to be a necessary precondition
for raising yields (fig, 8). But it was not in itself sufficient; it did
not guarantee preonounced gains in yields,

Some countries, such as Bulgaria, Spain, or the Soviet Union,
with literacy levels ranging above B0 percent, made little or no

Table 9.--Wheat yields in mejor producing countries: Change from 1935-39
to 1960-62%

Yield per acre Chenge from | Annual com-
1935-39 to pound rate
1935-39 1860-62 1380-62 of change

Bushels Bushels Percent Fercent
12,2 2 20.9 +71 +2.3
13.2 25.1 +90 +2.7

4.0 17.6 +26

2 10.3 -2 =0.1
EhiTe, s sennssnnn. 19.7 +22 +0.8
MEX1CG. v uase. 25.3 +120

France........ I 39,6 +74
Germany (West)e.esas 49.3 %2
GreeCe.auserrsansnas +61
+22
1 1e s VA +6
United Kingdom...... . +62

+ 4

+
By OO ha = o

+

+

+
.
[Vl v e RN T

Bulgarigd.cierenssannss
D2 a2 W
Yugoslevidi.ieursaas
Soviet UnioBiseuan.s

+2
+18
+12
+16
+31

Iv]

-

LE5EE
Moo -3~

09Oy b Do O
OO d W

HEHOLDW

Aperif.,iarverrenna
MoTorCO. e aas

+19
+32
=30
+20

W

South AlTicH.inennn.

Ir8Gs sunannwansernaa
TUPKEY.reersasonanna
Indige...

Pakistan. caceveeasans

10.7 0
15.6 +3
12.4 +16 +0.
1z2.1 +13 0.

[= Mo RY Nl 00--3-_\303

p
R

Australia,.cveevnans 12.9 8.4 +43 +1.5

1 Major producing countries defined as those having 2 million meres or
more of wheat. 2 1961 omitted from average because of abnormal weasther con-—
ditions. 7 1955-59 data used because later data not aveilable or sbnormal
conditions such as war prevailed. % 1935-39 data are for prewar boundaries.
7 1935-39 data are for prepartition India.

Source: U.S. Dept. Agr. Agricultural Statistica, 1949, 1962, and 1963,
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LITERACY LEVELS AND CHANGES IN WHEAT YIELDS

% CHAMGE IM YIELD PER ACRE
1935-3% TO 1960-562
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Figure 8

progress in raising yields, Countries making the most progress
in raising yields were in general those which have had near-uni-
versal literacy for several decades. Mexico and Greece are the
principal exceptions.

In Mexico, the outstanding progress in raising wheat yields
was partly the result of shifting a large share of the wheat acreage
onto irrigated land, The availability of water for growing wheat
has in turn made the use of sizable applications of chemical ferti-
lizer profitable. In addition to water and fertilizer, improved
varieties of wheat developed with the assistance of the Rockefeller
Foundation have contributed much to the impressive Mexican gains
in yields, Government-sponsored irrigation projects also contrib-
uted to the higher yields in Greece. It should be noted, however,
that large-scale expansion of the wheat area under irrigation, a
key factor in raising wheat yields in Mexico and Greece, is not
possible in most wheat-growing countries,

Four of the 6 countries to sustain arate of increase of 2 percent
or more per year--Canada, France, the United Kingdom, and the
United States--have had near-universal literacy for several decades.
In both Mexico and Greece, most of the progress made in eradi-
cating illiteracy has been quite recent, and though the populations
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of both countries are largely literate, a significant amount of
illiteracy still persists in rural areas.

Literacy and Corn Yields

Changes in corn yields per acre between 1035-39 and 1960~62
in major corn-producing countries (I million acres or more) ranged
from a decline of 28 percent, or 1 percent per year, in Guatemala
to an increase of 141 percent or 3.7 percent per year in the United
States {table 10), Only 25 percent of Guatemala's population can
read and write, whereas the U.S. population is almost entirely

literate,
Table 10.--Corn ylelds in major producing countries: Chenge from 1935-39 to f
1560-62 ¥
Yield per escre Change from | Anmual com- f
Country 1935-39 to pound rate &
1935-39 1980-62 1960-62 of chenge o
Bushels Bushels Percent Percent g
Canada...... 40.8 68.7 +68 +2.2 §
United States,...... 25.0 60,2 +141 +3.7
Argenting. ..eeviaan. 28.0 2 29.9 +7 +0.3
Bragil....... 2.5 2 20.8 -3 -0.1 :
Colombiaeennen... 4 15,1 7.7 +17 +0.7 i
Cuabemala, svsvvsnn.n 15.7 411.2 -28 -1.0 4
MEXICO.cvrerernnsnnn 9.0 13.7 +52 +1.8 E
g ¢1a7= ‘e 26.9 42.8 +59 +2.0 i
TEBLY e verrnennennns . 31.5 46.8 +49 +1,7 i
Portugal...... revens 12.1 20.0 +65 +2.1 %
SPaiN.curiarsirieana | % 28,4 36.9 +30 +1.1 i
BULEETi8, v annernsrra 17.5 2 23,1 +32 41,2 i
Hungary, . vevenreaass 31.5 35.0 +11 +0.4
Rumanis...ea.. I 17.4 24.6 +é41 +1.4
Yugoslavide.essaorss 26.7 33.3 +25 +0.9 i
Soviet Union.see.r.. 17.0 24.8 +4 6 +1.& {
i
Congo {Leopoldville) 19.6 4 16.8 -1 -0.5 1
V4R, (Bgyptlevoes. 39.5 32.6 -17 -0.7 i
South Africa.,...... 11.5 4.9 +30 +1.1 i
TULKEY s v s vernnnnns . .9 16.3 22 -0.8 !
L2 £ 7 13.0 14.6 +12 +0.5 1
Indonesia....o.oouua. 7 15,5 4.6 -6 -0.2 !
Pnilippines.eerersss 9.5 9.5 O 1]

i Major producing countries are those having 1 million acres or more of
corn, Canada, having less than 1 million acres, was included to get a better
economic cross section of corn-producing countries. ® 2 years only.

? 1955-59 datz used beeause later data not available. * Average less than
5 years. ° 1957-59 average; Ruandi-Urundi included ip 1957 and 1958. © Java
and SumatTa cnly.

Source: U.S. Dept. Agr. Agricultural Statistics 1949, 1962, and 1963.
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Corn depletes the soil of essential nutrients much faster than
many other crops. Also, being the only major grain cultivated as
a row crop, itis often closely associated with soil erosion problems,
As a result, those cowitries that continucusly plant corn on the
game land and lack a literate population (and therefore the tech-
nological know-how to offset this soil-depleting effect), experi-
enced declining yields,

Five of the 6 major com-producing countries with literacy
levels below 40 percent had lower vieldsin 1960-62 than in 1935-39
(fig. 9). All countries with literacy levels of 50 percent or more,
except the Philippines, improved yields, Gains in some of these
countries, however, such as Argentina, Hungary, and Colombia,
were quite modest,

Three countries other than the United States--Canada, Portugal,
and France--traised comn yields 2 percent or more per year, Each
of these countries, except Portugal, has had near-universal literacy
for several decades, Portugal, though showing impressive percent-
age gains in yields during the 24 year periodunder survey, started
from an extremely low prewar level of 12,1 bushels per acre,
Yield declines, ranging from 0.5 to 1 percent per year, occurred
in largely illiterate major corn-producing countries such as
Turkey, Egypt, and the Congo,

LITERACY LEVELS AND CHANGES IN CORN YIELDS
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The Level of Per Capita Income

A cerrain minimal level of income per person
an important factor for ralsing yields because wher
still at the subsistence level there is lirtle capital available to
purchase the yleld-raising inputs such as fertilizer or improved
seeds. The level of income per person is also the most commonty
used indicator of the level of economic development, Thus, estab-
lishing the fact that high income countries can raise yields rapidly
may be to infer not only that these countries have a great deal of
Capital for investment in agriculnfre but also thar advanced

countries, almost by detinition, possess a much greater yield-
raising capability,

is considered
e Incomes are

Income Levels and Rice Yields

Most of the world's major rice
acterized by very low per capita in
rice producers have per capita i
{table 11), Th

~producing countries are char-

Rcomes beiow $150 per year
€ cxCeptions are Japan and the United States, where

Table 1).~-Per capita income estizates, by countries, 19591

Country fnnual income Country Annual income

Dollars Doliars
Horth America Africa
1,560

230
United States.,..... 2,280

Y.AR. {Fgypt) 120
MOroceo. vivinn..., ., 120
. Tunisia........,... 130
labin fmerice South Africa 350
300
Asig
440 Burma....,. . 20
Ceylon..,..., 120
China {Taiwan).... a0
Ingisa......,, &0
Japar. .. .. euuua.. .. 350
Korea (South), 100
Pakistan,..,....... 50

1,010 ;van .
Germany {West ) 1,020 hilippines lgg
Greece 330
Italy.... 510 .g;;;_; e ﬁg
Portugal 230 T

300 Cceania
1,100 Australia....,...,. 1,100

! pata for less-developed regions, taken from (14, p.42),

1959. Data for developed regions s taken mostly Crom tables c
Arthur B. Mackie, Feon. Res, Serv., U. 8.
or an average for 1959-61.

are mostly for
ompiled by
Dept. Agr., are either for 1959
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per capita incomes are $350 and $2,280 per year. Both countries
have had much more success in raiging rice vields than any of
the low-income countries,

The low-income, rice-producing countries had uniformly modest
increases in yields during the 24 years from 1935-39 to 1960~62
(fig. 10), Thailand, which experienced a decline in yields, was the
only exception. Annual rates of increase in the other countries

ranged from 0,3 percent per year in the Philippines to 0.9 percent
in Taiwan,

Income Levels and Wheat Yields

Level of income Per person and capacity to raise wheat vields
are closely related., Whear ig particularly well suited for an in-
tome-~per-person/yield-per-acre analysis because of the large
number of major Producing couniries, the broad geographic dis-
tribution of these countries, and the wide range among countries in
level of income per person,

Certain generalizations can be made abour the relationship
between income Per person and the capacity to raise wheat yields,
Of the 26 wheat-producing countries with 2 million acres or more

INCOME LEVELS AND CHANGES IN RICE YIELDS
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of wheat, 6 had per capita incomes above $1,000 per year (fig, 11),
Each of these 6 countries--West Germany, France, Canada,
Australia, the United Kingdom, and the United States--made im-
pressive yield gains during 1935-39 to 1960~62, Annual compound
rates of increase ranged from 1.5 percentin Germany and Australia
to 2,7 percent in the United States,

At the other end of the income range, 7 countries had annual
per capita incomes below $200, Within this group, 2 countries--
Brazil and Tunisia--experienced declining yields; Morocco in-
Creased yields 1,3 percent Per year; yield increases in rhe other
countries in this group ranged from less than 0.1 percent per year
in Iraq to 0.6 percent per year in India,

ANl other major wheat-growing countries are in the $200 to
$1,000 middle-income group, Increases in yields in this group
were in general very modest, Performance in this group was
little different than in the low-income group, except for 3 things.
First, no middle-income countries experienced declining vields,
although one country, the Soviet Union, was not able to increase
wheat yields at all, Second, 2 of the 15 countries in this group,
Mexico and Greece, did raise vields quite rapidly. Third, the
annual yield gains in this group of countries tended to be some-
what greater than in the low-income group, being concentrated

INCOME LEVELS AND CHANGES IN WHEAT YIELDS
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berween 0.5 and 1 percent per year, compared with 0,5 percent
per year and less,

Income Levels and Corn Yields

The capacity to increase coIn yields, as with rice and wheat,
is closely related to the level of income per person. Only 3 major
corn-producing countries (France, Canada, and the United States)
had per capita incomes above $1,000 per year, All 3 made dramatic
gains in corn output per acre, ranging from 2 percent annually in
France to 3.7 percent in the United States (fig. 12), If the phe-
nomenally high U.S. rate of increase in corn yields prevailing
during the past 24 years continues, corn yields will quadruple
prewar vields by 1975,

Ten major corn-producing countries were in the middle~income
group, with incomes ranging from $200 to $1,000. All these
countries raised corn yields between 1933-39 and 1260-62, except
Turkey, where yields declined 21 percent, oI 0.8 percent per year,
annual rates of increase ranged from a modest0,3 percent per year
in Argentina to 2.1 percent in Portugal, Eight important Corn-
producing countries had per capita incomes below §200 per year,

INCOME LEVELS AND CHANGES IN CORN YIELDS
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In 5 of these countries, corn yields declined. In Egypt, Turkey,
and Guaremala, the annual rate of decline approached 1 percent
per year. India and Bulgaria were the only low-income countries
able to raise corn yields,

In summary, high-income, corn-producing countries achieved
impressive gains in yields; nearly all middle-income countries
raised yields but at comparatively modest rates; most low-income
countries were unable to raise yields and, infact, most experienced
actual declines in yields--some of a very substantial magnitude,

Market Orientaticn of Agriculture

Market orientation refers to the share of farm output marketed,
It thus indicates how far an economy has progressed from being a
traditional, subsistence-oriented economy toward becoming a
commercial, market-oriented economy. The more commercial and
market-oriented the agricultural sector becomes, the easier it is,
other things being equal, to finance the capital inputs required to
raise yields. When food outpur is increased by the conventional
means of expanding the area under cultivation, the : apital inputs
required are minimal, But when food output can be increased only
by raising yields, increased capital inputs are necessary.

The proportion of agricultural output marketed is influenced
i by many things such as the types of crops, prices of farm products,
availability of marketing information, and preximity to markets,
3 Larger farms are usually more market-oriented and smaller
farms more subsistence-oriented,

Data on the share of farm output marketed 15 available for only
a few countries, Approximations of the share of farm output
marketed can be made by means of a variety of estimating tech~
niques. The value of agricultural commodities exported, allowing
for the difference between farm prices and export prices, ex-
pressed as a share of farm output, gives a minimal figure, This
can then be adjusted by taking into account the share of population
not Uving on farms, Further refinements canbe made by examining
individual crops: industrial crops, such as rubber and sisal, for
instance, may be entirely marketed, because there is no oppor-
tunity for en-farm consumption. Special knowledge of localization
of output of certain commodities may also aid in estimating the
shares of farm output marketed,

When output per farm family is low and the share of output
marketed is small, there are many competing demands on the
limired amount of cash available. Family necessities often take
priority, leaving little for investment in capital inputs.
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Table 12.--United States: Share of farm output consumed
in farm households, 1910-62,

Period Share consumed on farm®

Percent

1910-15.ctsvenvrassvnasannss
1936-20 i iurennranennarvanns
192) 25 e v naniranaaraneuann
1926-300 e vevunoransnrsannass
1931-35 i iiiarnrnarrennons
1936400 sracaanasnssnnsnnes
1940 -45 . iavavarenenrsinnnrans
1946-500 careinirnnvnnnsonnoas
1951-55 v ssasanracasannnnnsna
1956-60ce ssrsatcnasiansnsnns
196362 cvivanaranarvasanian

T T T

.
o v i e Lot il LI ol

i v
uﬁc\momu-i-\-m\.nc\
[ Rt RS e S I oLl S e T

> Qalenlated by dividing walue of home consumption by
combined value of cash receipts from farming plus value of
home consumption.

Source: U.S3. Dept. Agr. Farm Income Situation, July 1963.

The share of farm outpur marketed in the United States, one of
the few countries for which data are available, is quite high (table
12), During the 1910-15 period, 83 pexrcent of U, S, farm output was
marketed. By 1962 it had reached 97 percent,

At the time of the yield takeoff in the United States (beginning
about 1940), the share of farm output marketed wasg arcund 90
percent, Data are not available for Australia and the Unitsl
Kingdom, bhoth experiencing a yield takeoff ai about the same dime;
but it would not seem unreasonable to assume that the share of
oueput markered was also quite high, possibly about the same as
in the United States.

The share of farm output marketed in many less-developed
countries today is much less than half and in some, where levels
of agricultural productivity are particularly low, it may be less
than one-fourth, In these countries, capital for investment in
agriculture is quite scarce, The raising of yields, so dependent
on increased capital inpurs, will be a slow and arduous process,

;
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The Nonagricultural Supporting Sector

L A e

The nonagricultural supporting sector is here defined as that
part of the economy outside the agricultural sector which provides

T
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elther goods or services in support of the agricultural sector. In
a rradirional society where food output is increased simply by
expanding the area under cultivation, agriculture canfunction rather
independently of the remainder of the economy. Butonce the supply
of cultivable land is exhausted and food output can be increased
only by raising yields, the relationship changes. Agriculture be-
comes quite dependent on the remainder of the economy for the
goods and services required to raise yields.

A modem, yield-raising agriculture is dependent upon the re-
mainder of the economy for a wide variety of goods and services,
Geeds include all the physical inputs such as fertilizer, lime,
insecticides, fungicides, herbicides, tractors, farm implements,
tools, petroleum products, and many more, Services include such
things as transportation, financing, communications, research, and
marketing,

Goods and services must be considered together, A development
plan which provides for the production of a given amount of ferti-
lizer must, if it is to be successful, also provide farm credit, and
storage, transport, and distribution facilities, Not only must the
fertilizer be produced;it must also be made available to farmers
at the proper time. And further allowance must be made for agri-
cultural research and extension programs which will tell the farmer
how and when to apply the fertilizer, under conditions which often
vary widely ¥ithin a country,

A less-developed economy, faced with the necessity of raising
ylelds, can, if it has sufficient foreign exchange, import some of
the goods required, such as fertilizer. Most services, however,
must be produced indigenously. Thus, the development of a yield-
raising capability is dependent directly or indirectly on indigenous
regsources,

Perhaps the best general indicator of the level of development
of the nonagricultural supporting sector is the share of the national
product accounted for by the economy outside agriculture (fig, 13),
The greater this share is, the more likely it is that an economy
will be able to support a yield takeoff, Japan's takeoff occurred at
2 time when the nonagricultural portion of the economy was ac-
counting for just under 60 percent of the national product. In both
the United States and the United Kingdom, the figure was 90 per-
cent or above at the time of takeoff, In India, the nonagricultural
sector today accounts for scarcely 50 percent of the national
product--substantially less than in any of the posttakeoff countries
mentioned above (tables 13-16),

Once an economy reaches the point where an adequate food
supply is contingent upon raising yields, the agricultural and non-
agricultural sectors must develop together, Neither sectoris likely
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NONAGRICULTURAL SECTOR OF NATIONAL ECONOMY
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Figure 13

to go far if the other remains static. Industrial development should
be coordinated with agriculture's needs, This requires that plan-~-

ners be aware of the intersectoral! implications of the shift from
an area-expanding agriculture to a yield-raising agriculture,

Agricultural research related to farm production Inputs is one
of the most important services provided to agriculture by industry
in an advanced economy. In the early stages of development, nearly
all agricultural research must be undertaken by government, since
individual farmers lack the technical and financial resources re-
quired to do sophisticated research, As an economy develops, how-
ever, private corporations, depending upon the farmerasa market,
or looking to him as a supplier of foodstuffs and raw materials,
ofter assume a growing share of the agricultural research load,
particularly in specialized areas of interest,

In the United States, the investment by industry in agricultural
research now exceeds that of government, hoth Feceral and State,
Not only do the major industrial corporations associated with
agriculture have extensive research programs, but they also employ
large numbers of fieldmen responsible for getting the results of
research on their products to farmers, These fieldmen, who usually
assist farmers with specialized problems, include agronomists,
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Table 13, --Japan: Relative importance of agricultural and non-
agricultural sectors in the economy, 1888-1960

xzir Agricultural Nonagricultural

Total
period sector? sector

Percent Percent

1888-1892 42.4 57.6
1893-1897 41.5 58.5
1898-1902 37.7 62.3
1903-1907 36.3 63.7
1908-1912 33.3 66.7
1913-1917 28.6 1.4
1918-1922 26.7 73.3
1923-1927 21.8 78.2
1928-1932 16.5 83.5 100
1934.-1936 16.6 83.4 100
1948 25.7 74.3 100
1952 18.8 81.2 100
1856 i4.4 85.6 100
1960 10.8 89.2 100

Percent

100
100
100
100
100
106
100
100

* Based on real net output 'y industrial sectors, calculated
in terms of 1928-32 prices for data through 1932 and curvent
prices thereafter. Prior to 1932, coriginal data were for pri-
mary industry, which included forestry and fishing in additioca
to agriculture, Data for recent decades and occasicnal ref-
erences for earlier years indicate that the agricultural share
of primary industry is about 80 percent, This figure was used
to reduce the primary industry share to agriculture only for
the period 1888 to 1932.

Source: (69)

entomologists, plant pathologists, agricultural engineers, and
mahy others,

Most of the backlog of agricultural technology existing in the
world today is temperate zone technology--developed in countries

In temperate zones for temperate zone products, Most basic
principles and practices now used in the economically advanced,
temperate zone countries can be transferred to the less~advanced
countries situated largely in the tropical and subtropical regions,
But much adaptive research will be reguired to modify the results
of temperate zgne research for tropical use. Adaptive research
programs on the scale needed will require many more researchers
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Table 14.--United Kingdom: Relative importance of agricultural
and nonagrieultural sectors In the econcmy, 1801-1960

Year
or
period

Agricultural Nonagricultural

sector? sector Total

Percent, Percent, Parcent

1801....... 32.5 67.5 100
1811....... 35,7 64.3 100
1821....... 73.9 100
1831....... 6.6 100
jR:7-5 P 77.9 100
1951....... 79.6 100
186l......, 82.2 100
1871....... 85.8 100
1881....... 89.6 100
18%1......, Ol.4 100
1901....... 93.6 100
1924......, 95.9 100
1835....... %96.1 100
1935..,.... 95.3 100
1960....... 95.9 100

o
WSRO N
HA W o

n

t Caleulated on basis of industrial distribution of national
income; includes forestry and fishing; data from 1801 to 1924
pertain to Great Britain only.

? sgricultural share of the gross domestic product.
Source: (66).

than can be trained within the less-developed regions in the fore-
seeable future, This shortage of research talent within the de-
veloping countries can be overcome only by importing large num-
bers of agricuttural scientists from the now-advanced countries.
These scientlsts can serve a dual function by organizing local re-
search programs and by training local counterparts in the requisite
research skills,

A country lacking a well developed, nonagricultural supporting
sector would likely find it extremely difficult, if not impossible,
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Table 15.--United Statas: Relative importance of agricultural
and nonagricultural sectors in the econcmy, 1869-1960

R e o T e R

Year
or
pariod

Agricultural Nonagricultural
sector* sector

itk o

Percent Percent Percent,

1869-1878. .. 35.3 64.7 100
1879-1884... 27.3 72.7 100
1889-1893. ., 24.0 76.0 100
1892-1896... 22.3 777 100
1897-1901.,. . 77.5 200
1902-1906... 19.0 81.0 100
1907-1911... 16.7 83.3 100
1912-1916..,. 83.8 100
1927-1921. .. 86.5 100
1925........ 88.4 160
1230........ 89.4 100
1935........ €8.6 100
1940......., 90.5 100
C1945. ... ..., 93.2 100
1850........ 93.1 100
1955........ 93.8 100

-
)]
N

. .

=l

L]

OO O
LS O N o W

1 Farm share of gross domestic product in 1929 dollars.
Source: (18)
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10 generate a yield takeoff, It should be noted that the failure of hoth
the United States and the United Kingdom to raise yields during
World War I, when food was in short supply and prices of farm
products were very favorable, may have been due in part to the
lack of a2 well developed nonagricultural supporting sector. Two
and a half decades later, when a similar situation developed, both
economies responded with dramatic increases in yields, 2

2,“mother factor probably contributing to the lack of response on the part
of the farmers was the lack of forward price assurance,
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Table 16.--India: Relative importance of agricultural and
nonagrieultural sectors in the econcmy, 1949-60

Year ; .
Agricultural Nonagriculiural Total

or
periodl sector? sector

Percent Percent Percent

1948000 49.8 50.2 100
1950....... 51.3 4£8.7 100
1951000 50.4 49.6 100
1952. .. 000 49.0 51.0 100
1953....... 50.7 49.3 100
1954. .00 v 45.3 54.7 100
1955 0.0 aue 45.3 54,7 100
1956....... 48.8 51.2 100
1957 eneann LB 4 53.6 100
1958....... 49.5 50.5 100
1959, .....- 48.0 52.0 100
1960.. ... 48.3 51.7 100

1 Fiscal years are presenbed as calendar yeare, i.e., 1949=

Indian fiscal year 1949-77,
2 paleulated on basis of industrial distribution of national

income.
Source: {49).

Summary

Tt is evident at this point that desire on the part of economic
planners to increase food output by raising yields is not in itself
gufficient. The means to raise yields must be available, As out-
lined in this chapter, these include a rather high level of literacy
in the farm population, the availability of capital to purchase yield-
raising inputs, and the ability of the nonagricultural secter to
provide both the goods and the services needed tc raise yields,
These are not the only factors that may be needed for a yield
takeoff, but they represent some of the mest important ones.

Among those countries ranking as major producers of at least
1 of the 3 leading graing, none of the low-literacy countries (less
than half the population literate) made any pronounced progress
in raising yields during 1935-39 to 1960-62, None achieved a rate
of increase in yields higher than 1 percent per year, except the
Republic of South Africa, which vaised corn yields at the rate of
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1.1 percent per year over the 24-year period, In several low-
literacy countries, especially those ranking as major corn pro-
ducers, yields actually declined. The average rate of yield in-
crease for this group of countries was only 0,17 percent per year,

Progress in raising yields was mixed among the more literate
countries, Among 13 countries with literacy levels between 50 and
80 percent, 11 had rising yields, 1 had declining yields and in I,
ylelds were exactly the same in 1960-62 as in 1935-39, This group
of countries raised yields an average of 1,12 percent per year.

Some 23 major grain-producing countries had literacy levels
above 80 percent, Twenty-two of these countries increased yields
during the 24-year period; in I country yields were unchanged,
Yields increased an average of 1.43 percent per year in this group,
Those countries having near-universat literacy for several decades
pexformed much better than those only recently reaching this
level,

The available evidence indicates that it is exceedingly difficult
for largely illiterate societi - to develop a significant yield-raising
capability. A high level of literacy, however, does not ensure a
yield takeoff,

The relationship between the level of per capita income and the
capacity to raise yields is revealing, Some 24 countries ranking
as major producers of rice, wheat, or corn have average per
capita incomes below $200 per year, Per acre yields increased in
14 of these countries between 1935-39 and 1960-62; in B countries
they declined, and in 2 countries they remained the same, Yields
in this group increased an average of 0.18 percent per year or
about 1 percent every 5 years.

Twenty-five major grain-producing countries had average per
capita incomes between $200 and $1,000 per year, Yields trended
upward in 24 of these countries; in 1 they were unchanged, This
group of middle~income countries raised vields at a rate of 1,03
percent per year,

Ten major grain-producing countries had per capita incomes
above $1,000 per year. Every one of these countries achieved
dramatic increases in yields per acre. The lowest rate of in-
crease recorded by this group was 1.5 percent per year, and the
highest, 3.7 percent per year. The average rate of gain was 2,21
pexcent,

Determining the importance of the share of output marketed as
a factor in a yield takeoff is difficult because of the lack of data
for most countries, It is evident, however, that in traditional,
subsistence oriented economies, little cash is available for in-
vestment in yield-raising capital inputs, Some 90 percent of farm
output was being marketed in the United Srates at the time of the
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yield takeoff. The share of farm output narketed in the other
case~study countries attaining a yield takevf jn recent years--
Australia and the Urited Kingdom--was alsc guite high, In India,
the only one of the case~study countries that hw not yet generated
a yield takeoif, the share of output marketed is qute low, possibly
well below one hali,

S0 long as foed output can be expanded simply by exjanding the
area under cultlvation, the agricultural sector can remain rather .
independent of the remainder of the economy. But to raise vields,
agriculture depends on the nonagricultural sector for yield-raising
inputs. If the nonagricultural sector is not sufficlently developed
to provide the goods and services needed, then 2 yicld takeoff may
be very difficult, if not impossible. '

The lack of any 1 of these 4 facilitating factors would probably
prevent a yield takeoff, The level of incoeme per person is perhaps
e hest single general indicator of yield-raising capability, Stated
citicl wise, the capacity to raise vields is closely related to the
level of econeomic development (fig, 14). North America, the most
advanced region, increased grain yields at a compound annual rate

INCREASE IN GRAIN YIELDS

PER ACRE, 1934-38 TO 1960

AMERICA
OCEANIA -

WESTERN .
EUROPE

E. EUROPE
AND U.5.5.R.

AFRICA
LATIN

40 60 80 100 120
PERCENT

U. 5 DEPARTMENT QF AGRICULTURE NEG., ERS 129B-24 [11] ECOMOMIC RESEARCH SERVICE

Figure 14
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of 3,1 percent from 1934-38 to 1960 (rable 17)> Oceania {Australia
and New Zealand) and Western Europe, ranking second znd third
In level of income per person, increased grain yields during the
same period at the rate of 2,1 and 1.3 percent per year, The less-
developed world, consisting of Asia, Africa, and Latin America,
ralsed yields at an average rate of 0,3 percent per year,

3 Yields in Nerth America were below average during the 1934-38 period
because of unfavorable weather, Had weather conditions in 1934-38 heen

more nearly normal, the rate of isicrease to 1960 would have been slightly
below 3 percent per year,

Table 17.--Trends in grain yield per acre by geographic
and economic regions, 1934-38 to 1960

Crain output per Increzse
Geogrc:ﬁphic g’gds harvesied acre 19321.;;;8 rate of increase
econoric region

g 193438 1960 1950 1934-38 to 1960

Annual compound

Kilograms Percent Perecent
A2 _ograms

gepgraphic repions:
Horth America.... 443 927 109
Latin fmerica....... 481 498 8
Western FUrope.esveer.., 638 876 v
Eastern Eurape & USSR... 429 514 20
j 265 318 20
508 542 7
Qceania.... .. 331 535 62

Economic regions'
Developed regions....... 462 699 51

Less-developed regioms.. 468 506 8

1 Less-developad regions are Asig, Africa, and Latin Americs; the
remaining 4 reglons are clessified as developed.

Source: (_li), teble 2].
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Chapter VL.--PRETAKEGCFF FACTORS:
NECESSARY BUT NOT SUFFICIENT

Although the factors described in the preceding chapter may be
necessary for a yield takeoff, they are not sufficient. In addition,
certain incentives are also required,

Among these incentives are favorable prices for farm products,
but such prices are not enough. The pecple on the land must be the
principal beneficiaries of favorable prices, There must bea strong
link between effort and reward., The nature of this link is deter-
mined by such things as land tenure gystems and tax systems,

Incentives differ from the pretakeoff factors discussed in the
previous chapter inthatthey canoftenbe developed quickly by direct
government action, A program to maintain favorable prices for
farm products, a land reform program, or a tax reform program
must be undertaken by povernment, Given enlightened leadership
and otherwise generally favorable circumstances, these incentives
can be developed quickly, But developing the factors needed for a
yield takeoff such as raisingincomes high enoughzinve the subsist-
ence level to enable farmers to purchasethe necess<iry yield-raising
inputs may require several years or possibly even decades,

Some Necessary Incentives for Raising Yields

Favorable Prices

The term "favorable prices' for farm products may be var-
icusly defined, It may mean favorable with respect to past price
levels, favorable compared with prices of like products in other
countries, or it may mean faverable when compared with certain
things the farmer must buy., In this discussion, favorable prices
wiil mean favorable in relation to those purchased inputs required
to raise yields. And prices for farm products refers to prices at
the farm level--i e,, prices received by the farmer,

Improvements in prices may not have much effect on yields or
output in a traditional, subsistence-oriented economy. Levels of
productivity are low and farmers produce food staples largely for
their own needs, considering the market as an outlet for excess
output in good crop years, Stated otherwise, subsistence farmers
do not plan as carefully or as consciously for the market as do
farmers in a market-oriented economy,
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When considering the use of a given input, farmers must esti-
mate additional output expected as a result of its use, The value of
additional output must be related to the cost of each input to deter-
mine profitability, Longer term investments in land improvements
are influenced by the longer term price outlock, ITacertain long-
term price prospects discourage long-term investments in such
yield-raising inputs as irrigation or dralnage systems. Nearly all
advanced Western countries now have some kind of price support
for principal agricultural commodities,

The failure of grain yields in both the United Kingdom and the
United States to respond to the favorable prices prevailing during
World War 1 may be at least partly artributable to the fact that
farmers did not expect the favorable wartime prices to continue
and were therefore not interested in experimenting with new yield-
raising inputs or cultural practices (table 18, figs, 15-17), This
contrasts with the situation going into World War II when govern-
ments of both the United States and the United Kingdom already
had long-term policies of supporting prices of farm products
adopted during the 1930's,

Taple 19.--United States ond the United Kungdom: Prices of selected grains, 1900-1902
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Figure 17

In less-developed countries where many yield-raising inputs,
especially agricultural chemicals such as fertilizer and pesticides,
must be imported, the cost is often higher than in developed coun-
tries, Thus, prices of farm products often must be higher than in de-
veloped countries—-if steadily rising yields areto becomea reality.

Faveorable prices for grains had a key reole in the grain. yield
takeoffs occurring in the case-study countries discussed in
Chapter IV, Improvements in rice prices inJapanbeginning shortly
after the Meiji restoration of 1868 undoubtedly contributed to the
yield takeoff in the latter part of the 19th century,

Some form of support prices for major grains was adopted dur.-
ing the depression decade of the 1930’s by the United Kingdom,
United States, and Australia, These support prices did muchto
stabilize farm prices and improve the long-termoutiock, Farmers,
assured of reascnable prices, were willing to invest more in
production capital, both short-term and long-term,

Once the yield takeoff has occurred and farmers become con-
ditioned to a constantly changing technology, price levels may not
greatly influence the yield trend. Changes in price could con-
ceivably reduce the rate of increase in yields, but it does not seem
likely that they would arrest or reverse the trend except under the
most adverse clrcumstances,
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Linking Effort and Reward

In many less-developed countries, landownershipis concentrated
in the hands of a small number of people, A substanrial part of any
improvement in the prices of farm products thus accrues to the
landowners, not to the person working the land, Land reform can
often remedy this problem,

Tax systems, tco, can mitigate the effect of any improvement in
farm prices. Some less-developed countries collect a large parit of
their revenue by means of an €Xport tax on an agricultural com-
modity or commodities, This has the effectof depressing the prices

of farm products in relation to the costs of yield-raising capiral
inputs,

e o b2t

b il o s T L S

A third institutional facter, often weakening the link between
effort and reward in agriculture, is the system of state and collec-
tive farms common to so many of the Communist Rloe countries,
This is undoubredly the single most important facror responsible
for the poor performance of agriculture in the Bloc countries,

Cnce the necessary actions are taken to correct the situations
mentioned above so that the farmer does in fact receive the addi-
tional income associated with improving prices for his broducts,
still ancther step remaing. Farm families must have access to
consumer goods that can improve their lot, Unless the additional

income can be used o purchase these goods, the extra money will
have little meaning or value,
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Pretakecff Factors Plug Incentives:
The Essential Combination

gy

It is not surprising that yield takeoffs are such recent phenomena,
Since they require a combination of many pretakeoff factors and
incentives occurring or existing simultaneously, Roth the United
States anpd the United Kingdom apparently had ali the necessary
incentives, including extremely favorable prices for farm products
during World War I, but neither arrained a yield takeoff,

Given the apparent existence of incentives in these countries,
the failure to attain a yield takeoff may be at least partly at.
tributable to a lack of someofthe factors needed for a yield takeoff,
Two and a half decades later, during World war II, grain prices
again rose sharply, at least doubling those of the interwar years,

This time, yields responded immediarely and dramatically, ini-
tiating yield takeoffs in both countries,

66

N e . 1 A MR e 3 o A
i, i o SN 5L Y st A s e e N,
ST e DY




Apparently, the facters for a yield takeoff, not present earlier,
now existed in both countries, The price support programs adopted
by both countries during the mid-1930's, with their inherent element
of forward price assurance, may alsc have amplified the response
of farmers to the favorable prices, Possibly, the conditions exist-
ing at the time of World War Iwould have been sufficient to generate
a yield takeoff--if the high grain prices had prevailed for a longer
period of time or farmers could have been assured that prices
would not drop to disastrously low levels after the war,

At one time or another, many countries have had, for one reason
or another, favorzble prices for farm products, Many have suc-

cessfully executed land reform Programs, thus ensuring that those

working the land benefir from favorable prices. Others have gt

fained near-universal iiteracy. Some countries have made much
progress in developing the nenagriculruzral supporting sector dis.
cussed in the Preceding chapter, But relatively few countries, and
have possessedat any given time
ired to generate a yield takeoff,
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most of these only quite recently,
all the factors and incentives requ
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Chapter VIL.--THE UNITED STATES AND JAPAN:
CONTRASTING PATHS OF AGRICULTURAL
DEVELOPMENT

The United States and Japan have followed very different paths
of agricultural development, The United States, throughout most
of its history, has emphasized output per person in agriculture,
Japan has concentrated irs efforts in expanding output per acre,
Each country followed the path of development best suited to its
particular ecircumstances and needs. This chapter examines the
consequences of the contrasting approaches, the underlyingreasons,
and the implications for today’s less-developed countries,

Long-term historical data on the productivity of agricultural
labor and agricultural land, using the same definitions and time
periods for both eccnomies, are not available, Data are availabie,
however, for the Principal crops produced in each country--rice
in Japan and corn inthe United States--from 1900 to 1940 (table 19),
Although trends in agricultural labor Productivity for 1 crop are not
necessarily the same as those for the entire agricultura} sector,
they are nonetheless useful indicators, especially when the 2 crops
Table 19.--Indizators o land and labor productivity trepds 1n .5,

agriculiure, 1900-19¢0%
1300 | 1920 [ 1940 | 1950 [ 13602

and Japanesc

Indigcatcr

Land productivity:
Y.3.: 20orn produssd per acre tbushels}, ..., ...... 25.9  2B.4  30.3  39.4 EL.7
Japan: riee produsad per acre "kilsgrame)........ 766 1,059 1,714 1,189 1,435

Y.i.: corn producsd per asre (index}?. ... ........ a0 110 117 151 238
Japan: riee produeed per acre (index)?........... 100 133 158 155 187

Labor produstivity:

U.5.: corn produzed per 100 man-hours vbushels)..| €8.0 88.5 120.5 25¢.4 a02.1
Japan: rice produtzed psr 100 man-hours ikila-

o 94 1,123 1,493 1,43¢ 2,067

H.5.; corn produced per 1G0 man-haurs (index)?...| 100 130 177 77 1,337
Japan: rize produed per 100 man-bours (index)?. . 100 119 158 152 218

* Corn, the leading U.5. zrcp, exseeds ihe combined autput of all ether U.5. grains.
Rize, Jupan's leading erap, is grown on 4/5 of all rarma, oceupies 2/_5 o the plan ed
are., and accounts for 1/2 of all crop productiem. 2 U.5. dpta are for 1960-€3.

41900 = 100, * 1899 data used Car 1900; 1922 deia uced for 1920; and 1939 datn lor
1340,

Souree: U.S. data from U,5. Dept. Agr.; Japanesa data from Ogura {69), mnd eppendizx
tables.
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loom so large in their respective agricultural economies, Corn
accounts for well over half of all grain produced in the United
States, and rice accounts for three-fourths of Japan's total grain
production,

Increases in yields of rice in Japanand corn in the United States
during 1900 to 1960 have been of approximately the same magni-
tude (fig, 18), Japan's yield gains were rather evenly distributed

UNITED STATES AND JAPAN: AGRICULTURAL
PRODUCTIVITY INDICATORS, 1900-1960
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Figure 18
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over the entire period, whereas those of the United States were
concentrated in the last 2 decades,

Japan's rice yields, averaging 766 kilograms per acre in 1900,
reached 1,059 kilograms in 1920, 1,214 kilograms in 1940, and 1,435
kilograms in 1960, Gains for each 20-year period were 283, 155,
and 221 kilograms, respectively. Corn output per acrein the United
States, at 25,9 bushels in 19C0, was still only 30,3 bushels in 1940,
However, during the next 20 years, yields more than doubled, to
61.7 bushels in 1960, Increases in Japanese rice yields and U.S.
corn yields over the 60-year spanwere 87 and 138 percent, respec-
tively,

Although trends inagriculturalland productivity in both countries
are quite similar, trends in agricultural labor productivity diverge
sharply. The trend in agricultural labor productivity in Japan
closely paraliels that of agricultural land, Between 1900 and 1960,
output of rice per acre increased 87 percent and output per man-
hour increased 118 percent. This close relationship between land
and labor productivity is not surprising--it is characteristic of
a fixed-land economy, in which the farm population has not yet
begun to decline appreciably.l

The productivity of agricultural labor in the United States in-
creased dramatically hetween 1900 and 1960, especially after 1940,
Corn output per man-hour climbed from 68 bushels per 100 man-
hours in 1900 to 90% bushels in 1960--an increase of 13-fold]

In 1900, the average Japanese farmer produced 46 kilograms
of rice per 100 man-hours invested in the preduction of rice, For
the American corn grower, the combparable figure was just over
1,730 Kkilegrams, less than twice as much, But the value of a kilo-
gram of cornis much less thanthe value of a kilogram of rice, Thus,
the productivity of agricultural labor used in the production of the
2 major grains, at least, was not too different in the 2 economies
as of 1900, But by 1060, the productivity of agricultural labor in
the United States was several times higher,

In terms of human welfare, output per personinagricultureis the
relevant indicator, Qutput per acre has implications for human wel-
fare conly insofar as it affects output per person, There does not
seem to be any practical way for Japan, with its very dense
population, to overcome the vast difference in output per person
in agriculture unless it can attain a level of development far more
advanced than that in the United States,

1
Gains in labor productivity in an essentially fixed-land economy can appre-
ciably exceed those in land productivity only insofar as the agriculmral popula-
tion is reduced, and this does not ssvally occcur in the early stages of develop-
ment.
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Both the United Staces and Japan have made exceptional efforts
to develop their agricultural sectors, their agricultural tech-
nologies are among the most advanced in the world. The current
vast difference in output per person in agriculture is not due to
any lack of effort on the part of the Japanese, It traces largely to
the fact that Japan exhausted its supply of cultivable land quite
early in its development; Japan had become a fixed-land economy
before it had scarcely begun to industrialize. The United States
was fortunate enough to reach a rather advanced stage of develop-
ment before it ceased expanding the area under cultivation,

Why the Different Paths?

Japan was essentially a fixed-land agricultural economy by the
latter part of the 19th century. Opportunities for expanding the
food-producing area were limited., The grain acreage harvested in
1900-02, averaging 1l.4 million acres, has remained essentially
unchanged, averaging 11.5 million acres in 1960-62,

Given the fixed-land situation and continuing growth of popula-
tion, the alternatives were limited, Japan could generate a yield
takeoff, become increasingly dependent on food imports, or ac-
cept a declining trend in per capita food consumption, 2 The latter
2 alternatives, resulting in either a drain on the limired supply of
foreign exchange or a decline in food consumption levels and an
eventual increase in malnutrition, would not have been conducive
to Japan's economic development, These alternatives might in fact
have precluded the possibility oi an income Der person takeoff;
Stated otherwise, Japan might have been caught in the low-income
trap. 3

Fortunately, Japan chose to generatea yield rakeoff. This pelicy,
in force from shottly after the Meijl restoration in 1868, was sup-
ported by government at national, provincial, and local levels, The
yield takeoff was in evidence as early as 1880 and was a certainty
by the end of the century,

During the latter part of the I9th century, when Japan was gen-
erating a yield takeoff, the United States was still pushing its
frontier westward, It was not until just before World War I that
settlement of the frontier ended,

2A fourth alternative, possibilities of large-scale emigration to relieve

population pressure, is not actively considered because, even at this early date,
opportunities for emigration were confined largely to Eurcpeans,

3 For a discussion of the cireumstances leading to a simation of this sort see
Man, Land, & Food, p. (14, 131}
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Advances in U.S. agricultural technology up until World War I
were largely of a mzchanical (labor-saving) nature, They had little
influence on yields,

The United States, with its extremely favorable land-man ratio,
capitalized on its international comparative advantage in agricul-
ture to earn much of the capital neededto finance its industrializa-
tion, Both the expansion of agricultural exports and the release of
agricultural labor for industrial development requireda risinglevel
of output per person In agriculture,

S0 long as the supply of new land remained, these two ohjec-
tives, earning foreign capital and releasing labor for industry,
were successfully pursued without raising yields, Also, government
policies dating from independence were designed to settie the
continent as rapidly as possible. Thus, ~onditions under which
agriculture developed in Japan and the United States were vastly
different,

Implications for Less-Developed Countries

The Japanese historical experience is instructive, for many
countries now attempting to develop also have little new land that
can readily be brought under cultivation, Th.y, 100, are essentially
fixed-land economies. Included in this group are some of the
major less-developed countries such as India, China, and Pakistan,
These countries alone contain some 40 percent of the world's
people,

Japan's long-term annual rate of yield increase has usually
ranged between 1,0 and 1.5 percent per year, Population growth
has increased at a similar rate, maintaining a steady level of
output per person,

Like Japan, today's less-developed, fixed-land economies must
also maintain an annual rate of yield increase that will parallel the
annual rate of populaticn increase. Unllke Japan, however, most
of today's less-developed countries are experiencing population
growth rates nearly double those prevailing over the past several
decades in Japan.

Emulation of the spectacular Japanese performance in agri-
culture will not suffice. If the projected unprecedented population
growth rates in the major less-developed countries materialize,
the failure to surpass the Japanese performance by a substantial
margin would be disastrous,

It is much easier to attain rapid economic development if it can
be done bhefore the supply of cultivable land is exhausted, Un-
fortunately, however, many of the countries now struggling to
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develop have, as a result of the extremel
growth over the past few d
lenger have a choice,

As in Japan, governments in these countries must give agri-

ture the support ir needs, Today's less-developed countries,
like Japan, must focus their efforts on raising annual output per
acre.” This is the only way they can ralse output per person, It
will be at least several yedrs and perhaps several decades before
the farm population begins to decline in absclute terms,

The governments of today's less-cleveloped countries must
constantly seek new and improved ways of raising output per acre,

The obstacles to generating a yield takeoff are great, but the al-
ternatives are so unpleasant as to make the effort absolutely
essential,

Y rapid rates of population
ecades, reached a point where they no

4 See foomote 1, page 70,
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Chapter VIIL.--YIELD COMPARISONS

Most of the increases in the world food supply in the remaining
decades of this century must come from raising output per acre,
because opportunities for expanding the cultivated areain the large,
densely populated countries are limired. This chapter, along with
preceding chapters and the chapter to follow, provides background
for the discussion in chapters X and XI on potentials and prospects
for increasing grain yiaids,

Certain things about ;lelds are evident, The yield per acre must,
on the average, considerably exceed the requirements o seed an
acre, Thus, man may have made several actempts at planting his
own crops before attaining the output levels necessary to sustain a
continuing agriculture-~one where yields consistently exceeded seed
requirements plus the considerablc losses thatinevitably musthave
occurred from one season to the next, The precariousness of man's
early efforts to develop a controlled food supply is perhaps re-
flzcted in the practice still prevailing in many traditionai societies
of expressing yields as a ratio to the seed used,

In summary, agriculture, as pracriced in some parts of the
world, has not advanced far beyond that of earliest times, Virtuaily
the entire range of cultural practices developed since man first
began the transiticn from hunter to tiller exists scewhere in the
world today,
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Rice Yields
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Rice, the food staple of a large share of the world's people, is
produced mostly by small, subsistence-orierted farmers in Asia.
A large part of the total world output is consumed by the producer
and his family. Productivity is low, with little rice available for
feed, The share of the crop used for feed is probably emaller for
rice than for any other grain,

More than 90 percent of the world's rice crop is produced and
consumed in Asla. The tonnage entering international tradeis quite
sinall, especially when compared with wheat., The only country
producing rice primarily for export is the United States, a rather
minor producer when compared with the Asian rice-producing
countries,
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World rice acreage is much less than wheat acreage, but yields
are somewhat higher, thus making total outpit not too different,
In terms of calories pProduced per acre, rice is significantly
higher than wheat, But the large quantity of water required for the
successful cultivation of rice imposes stringent limits on the possi-
bilities of expanding the area of production.

Rice Yields in Major Producing Countries

The wide variations in rice yields between major producing
countries are attributable to several factors. Some of these trace
tc the existence of two subspecies within the species of rice which
is cultivated, These are Oryza sativa subspecies japonica and
Oryza sativa subspecies indica, The japonica subspeciesisa short-
stemmed rice with short, well-rounded grain, The indica subspecies
is a raller stemmed rice with long grains, some quite thin,

There are many significant physiological differences between
the two subapecies. Perhaps the most significant is that japonica
varieties are much more adaptable to intensive cultivation--they
are more responsive to fertilizer and do not lodge as badly as the
indica varieties,

The rice produced in Japan, North China, Korea, and the
Philippines is of the japonica subspecies, Most of thar produced
in India, South China, and elsewhere on the Asian mainland is of
the indica subspecies,

The climatic conditions under which rice is produced are much
less varied than with wheat and corn, the other principal grains,
The area in which rice can he successiully produced is rigidly
defined, sften by moisture requirements, but also by temperature
and the leugth of growing season, Virtually ail rice ig grown by
wet rice cultural practices, Thus, atiempts are made to keep the
moisture level rather constant in all rice-producing courtries,

Rice yields are strongly influenced by the level of agricultural
technology in the producing countries, Wet rice cultural practices
vary widely among countries. In some, such as Japan or Taiwan,

nearly all rice fields are irrigated. Elaborate facilities to store
and move water, constructed with the investment of human labor
over many centuries, are bhasic to the extraordinarily high yields
obtained in Japan, In other countries, such as Burma or Thailand,
farmers rely heavily on natural flooding., 'The heavy monsoon
Tains are trapped in the paddy fields by bunds (earth dykes or
banks} surrounding the fields. Yields in these rainfed paddy fields
are susceptible to the unpredictable menscons, which may bring
too little or too much water,
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Cultural pracrices vary widely between major rice-producing
countries, Seed is broadcast directly in the fizldin some countries,
In others, seed is sown in a seedbed and seedlings are transplanted
into the field at random, In still other countries, seedlings are set
In rows te permit inter-row cultivation and easier hand weeding,
Labor requirements for the transplanting method are much greater
than with direct geeding, but vields are usually substantially higher,
The transplanting method is widely usedin East Asia, The J apanese
paddy method is used extensively in Korea and Taiwan as well as
in Japan, The direct-seeding method is still employed in some
localized areas on the Indian subcontinent and in the Southeast
Asian *'rice bowl" countires,

Fertilizer use is reflected in rice yield levels, Japan, Taiwan,
and the United States, the countries with the highest yields, use
iare2 quantities of fertilizer, Thatland, Cambodia, and the Philip-
pines, countries with very low average yields, use very little,
Sustained high yields of rice are not possible without the use of
large quantities of chemical fertilizer,

A third factor, in addition to irrigation and fertilizer, which has
contributed importantly to the high per acre yields prevailing in
some countries, is the replacement of traditional varieties with
new, improved varieties, Develeping varieties more responsive to
chemical fertilizer !.c2 been an important part of the rice~-breeding
Programs in many countries, particularly Japan,

In summary, progress in. raising rice yields in the more pPro=
gressive countries has not been generally as dramatic as with corn

and wheat, The yield gap berween the high« and low-yield countries
has gradually widened over the past 25 years (fig, 19), During
1935-39, the ratio between ylelds in the countries with the highest

and lowest yields was 3 to 1; as of 1960-62, the ratic was 4 to 1
and still widening,

Japanese Trend With Comparisions

Japan has been pushing ylelds steadily upward for several
decades, Rice yields today subsrantially exceed those of any other
ma jor rice-producing Country~--i.e, those having more than I million
acres in rice, The yield takeoff cccurred at a time when the
national average yield was just over 2,000 pounds of rough rice
(about two-thirds of a ton of milied rice) per acre,

Reliabie data on national average rice yields are available only
from 1878, The long-term historical vield trend dating back to
the middle of the 8th century is based on estimates of vields ap-
pearing In Japanese literature, There is no way of testing the
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RICE YIELDS IN MAJOR PRODUCING COUNTRIES, 1963
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Figure 19

reliability of estimates of rice yields achieved several centuries
azo. But on the basis of available knowledge of: (1} the minimal
yields required to sustain a continuing agriculwure; (2) the yields
prevailing during the latter part of the last century, when reliable
data first became available: and {3) the rates of yield increase re-
quired to reach those yield levels, a reasonable long-term trend,
minus short-term fluctuations, can be constructed, This trend ap-
o in figure 20,

Very few of the 13 major rice-producing countrizs currently
have yield levels above those existing in Japan around 1880 ar the
time of takeoff, Those countries in which current rice yields are
above the Japanese pretakeoff level are the United States, Taiwan,
and South Korea--all countries with rather small rice acreages.
Yield levels in the leading rice-producing countries such as India,
Pakistan, and Indonesia are at present still far below Japan's
pretakeoif level,

Because the level of rice yields now prevailing in India may have
been attained by the Japanese s.veral centuries ago does not mean
that it will be several centuries before Indin attains a yield takeoff.
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Considerable effort and much time, however, were required to
generate a yield takeoff in Japan. Progress in raising ylelds was
never easy or automatic, It required much hard labor and sacri-
fice,

Generating a yield takeoff requires an abrupt departure from
traditional methods of production, New ard improved methods of
production must be devised and, once devised, adopted, Much trial
and error is required--only a few of the new practices introduced
will ke successful, Developing a yield-raising capability requires
a continuing flow of new practices and a steadily rising volume of
capital inputs per acre, Even with the most fortunate of circum-
stances, progress is often painfully slow.

Data for the last several years indicate that Taiwan, the bene-
ficiary of both Japanese agricultural methods and large-scale U.5,
technical asgsistance, has achieved a yleld takeoff, But the major
producing countries, such as India, Mainland China, Pakistan, and
Indonesia, do not yet appear to be on the verge of takeoff. For
some of the major rice-producing countries, takeoff may still be
some distance in the future.
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Wheat Yields

Wheat provides man with one-fifth of his food energy supply.
It is by far the most widely grown of the 3 major grains. The
principal food staple in nearly all the high-income countries, it is
grown and consumed in nearly every country in the world, Even
the countries depending heavily on rice, such as India, Mainland
China, and Japan, also consume sizable quantities of wheat, In
many rice-consuming countries, per capita wheat consumption is
rising faster than per capita rice consumption. This may he due
partly to a need to diversify diets and partly tc a desire to emulate
Western food consumption habits,

Wheat has both a higher protein content and a higher quality
protein than rice, It is widely adaptable in terms of moisture,
temperature, length of day, and growing season. One of the first
crops demesticated, it probably coriginated somewhere in the
Middle East,

Wheat is easily the most widely traded grain, with the ronnage
traded exceeding that of all other grains combined. The 3 principal
exporting countries--the United States, Canada, and Australia--
produce primarily for export, Only a minor part of each year's
crop is retained for domestic use in Canada and Australia,
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Wheat Yields in Major Producing Countries

Major producing countries are defined as those with 2 million
acres or more in wheat, According to this critericn, 27 countries
rank as major producers. Acreages in this group ranged from just
over 2 million acres in such countries as the United Kingdom and
Mexico to 168 million acres in the Soviet Union,

Two factors strongly influence yvields of wheat--the amount
(and seasenal distribution) of rainfall and the level of agricultural
technology. Gountries with low average rainfall tend to have low
ylelds and countries with high average rainfall, high yields,
Countries with a combination of traditional agricuiture and semi-
arid growing conditions have extremely low yields, frequently
averaging less than 10 bushels per acre (fig. 21),

Wheat yields in Tunisia, over the past 8 years, have averaged
less than 6 bushels per acre. Allowing for seed requirements and
losses In storage, net returns per acre have been minimal; returns
of this level cannot have greatly exceeded returns to the earliest
cultivators, Nor is Tunisia alone with its unfortunately low yields,
Yields in Syria and Brazil average only 9 to 10 bushels per acre,
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WHEAT YIELDS IN MAJOR PRODUCING COUNTRIES, 1963
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Figure 21

Countries with the combination of high average rainfall and an ad-
vanced agricultural technology consistently attain very high yields.
Countriles such as the United Kingdom and West Germany, where
ylelds have averaged from 50 to 60 bushels per acre, are included
in this group,

Average wheat yields, during the 1935-39 period in those coun-
tries with 2 million acres of wheat or more, ranged from 7 to 35
bushels per acre. Yields climbed rapidly, however, in those coun-
tries which achieved a yield takeoff, and the ratio between yields
in the high-yield and low-yield countries increased from the 5-to-1
ratio before World War II to 8to 1 by 1962, Some countries, mostly
less-developed, did not improve yields at all; Includedin this group
were Brazil, Iraq, and the Soviet Union,

The 3 major exporting countries--the United States, Canada,
and Australia--produce most of their wheat in low average rain-
fall areas, Opportunities for irrigating wheatlands do not exist to
any great extent, except in a few less important producers, such
as Egypt and Mexico where rivers flow through, or are adjacent to,
the semiarid wheat growing regions,

Wheat responds well to moisture, as evidenced in the high
yields prevailing In northwestern Europe, but it is also one of the
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most drought-resistant of all the grains, Wheat is the only one of
the 3 major gralns adapted to either low rainfall conditions or the
nexthern latitudes, Thus, it plays a key role in utilizing the earth’s
land resources to the fullest,

U, K. Trend With Comparisons

Wheat yields in the United Kingdom today are higher than in any
other major wheat-producing country. Available evidence indicates
that per acre wheat yields have been trending gradually upward
over the past several centuries (fig. 22), Only since the late 1930's,
however, have yields gained rapidly. Prior to that time, even the
cumulative gairs made over the course of any given century were
probably so meager as to be scarcely perceptible,

Current yleld levels in the low-rainfall, less-developed countries
were attained in the United Kingdom several centuries ago. Yield
levels at the time of the industrial revolution were quite high,
comparing favorably with those existing in Canada today, Thus, it
would appear that the natural advantrages of the United Kingdom in
producing wheat were considerable. Even when it was a traditional
society, wholly lacking in modern technology, yields were surpris-
Ingly good, far exceeding those prevalling in many countries today.
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CURRENT WHEAT YIELDS IN SELECTED COUNTRIES
RELATED TO UNITED KINGDOM’S HISTORICAL TREND
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Corn Yields

The corn plant, domesticated by the Indians of Central America,
has been cultivated for ar least a few thousand years but perhaps
not as long as wheat or rice. It Played an important role in the
development of the pre-Colombian Indian civilizations of Latin
America, By the time of the discovery of the New World, the culti-
vation of corn was quite advanced, reflecting at least several
centuries of seed selection and evolution of cultural Practices,

Corn is the only 1 of the 3 principal grains widely used as hath
a food grain and a feed grain, and it is the only 1 of the 3 that
originated in the New World, Although corn production is now widely
disseminated throughout the world, the greater part of the world
corn crop is still produced in the Western FEemisphere, mostly the
United States,

In the northern part of the Western Hemisphere, corn is largely
a feed grain, but in the central and southern part it is a food grain,
In Africa and Asia, most of the corn produced is consumed as food,
It is an important food staple in both Africa and Latin America,
Supplying nearly half of the rotal calorie supply in some countries,
As a foodstuff, corn is generally considered inferior to wheat or

rice in most cultures, As Incomes rise, direct consumption de-
clines, ,and indirect consumption in the form of meat, milk, and
eges rises,

Gorn ranks second to wheat in terms of the quantity entering
world trade channels. Its importance in both production and trade
is growing steadily, largely as a result of the increasing consump-
tion of poultry and livestock products,

Corn Yields in Major Producing Countries

Corn is grown under rather uniform climatic conditions through-
out the world, Ie requires high temperatures, high rainfall, and a
fairly long -Browing season, Thus, the area in which it can be suc-
cessfully cultivated is limited, compared with wheat, a much more
adaptable crop in most respects,

The United States-Canadian border approximates the northern
limit of the corn-growing region in North America, Canada, though
it has a large total grain acreage, has less than half a million
acres of corn, compared with 57 million acresin the United States,
Corn produced for grain in Europe is grown largely in the Mediter-
ranhean countries.

Some 23 countries rank as major producers, with 1 million
acres or more, In some countries where corn yields are lowest,
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they have been trending downward in recent years, Brazil, Guate-
mala, Indonesia, and the United Arab Republic (Egypt) are in this
group. In such countries as the United States, where corn yields are
highest, yields are rising rapidly. The yleld gap between those
countries which have achieved a yield takeoif and those where yields
are static or declining is steadily widening,

The yield ratio between the major corn~producing countries with
the highest and lowest average corn ylelds during the 1935-39 period
was not more than 4 to 1. As of 1960-62, the ratio was 6 to 1
(fig, 23).

The United States has both the largest acreage and highest
yleld. This is unusual because countries with higher yields usually
have smaller acreages. Countries with very large acreages usually
have such a wide diversity of growing conditions thar it is difficult
to attain high average yields,

The midwestern part of the United States, commonly referred
to as the Corn Belt, is favored with near-ideal climate and soils
for corn production, These conditions, supplemented by vastly im-
proved hybrid seed, large guantities of fertilizer {especially nitro-
gen), and advanced tillage practices, have resulted in yields far
above those found anywhere else in the world,
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CORN YIELDS IN MAJOR PRODUCING COUNTRIES, 1963
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U.S, Trend With Comparisons

The art of corn cultlvation advanced considerably under the
New World Indians during the many centuries lapsing between the
domestication of the corn plant and the arrival of the white man,
The Indians had developed several improved practices which they
passed on to the white man, They taught the white man to fertilize
with fish and ro intertill, European farmers at this time had only
the small grains, which were seeded Hv broadcasting and hence did
not require intertilling (tilling between rows).

The Indians, like more primirive agrarian pecple everywhere,
practiced land rotation; they farmed a plot of land for a few years
and when its natural fertility declined, they movedon to a new spot,
The Indians did not have any draft animals or, for that matter,
livestock of any kind. Nor did they have the wheel or metals,
Theirs was a wood, stone, and bone technology.

The early settlers introduced the English plow and draft animals,
which undoubtedly enabled them to prepare a better seedbed than the
Indiane had, They combined crop and livestock production, using
the manure for fertilizer, They developed crop rotations and also
did considerable further selecting and improving of seed. Forms
of fertilizer other than Hvestock manure were also brought into
use,

Corn yields prevalling ameng the North American Indians when
Columbus discovered the New World were probably not much below
10 bushels per acre and probably not much above 20 bushels per
acre, If corn yields averaged 15 bushels per acre, they were not
toc different from those in some less-advanced countries today.

In summary, the available evidence indicates that the Indians
had some success in raising yields before Golumbus came and
that the early settlers had considerable further success during
the centuries between 1620 and 1800, As of 1800, the earliest date
for which reliable estimates are available, yields averaged 23
bushels per acre. The U,S. yield average changed lirtle from 1800
to 1940, but between 1940 and 1960 it doubled (fig. 24), Over the
160~year span, corn yields were essentlally static for 140 years,
then rose very rapidly for 20 years.

In 1962, the United States had by far the highest corn yield of
any major producing country, Only 7 of the 22 major producing
countries (1 million acres or more) had achieved yields in 1962
above those existing in the United States in 1800, Yields in 4 coun-
tries were below the estimated yield levels prevailing among the
Indians when Ceolumbus arrived in the New World,
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CURRENT CORN YIELDS IN SELECTED COUNTRIES
RELATED TO UNITED STATES' HISTORICAL TREND
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Figure 24

As recently as 1935-39, several major corn-producing countries
had yields well above those of the United States, Included in this
group were Argentina, France, Italy, Spain, Hungary, Yugoslavia,
and Egypt. Few of these countries were able to generate a yleld
takeoff, however, and by 1962 yields in most of these countries
were scarcely half those in the United States. France and Iraly, two
of the countries with corn yield levels closest to those of the Unired
States, bave made much progress in raising yields over the past
several years, both apparently having successfully generated yield
takeoffs, Trends in wheat ylelds in these two countries also indi-
cate a yield takeoff,

Some countries with 1935-39 yields above those of the United
States have made little or no progress in raising yields since that
time, Argesntina and Hungary are in this group, Com yields per
acre in Egypt, the only major producing countty with its entire
¢orn acreage under irrigation, have declined since 1935-39,

At present there is no indication that the current phenomenal
rate of increase in corn yields in the United States will slacken
appreciably, The gap between yleld levels in the United States and
pretakeoff corn-producing countries should continue to grow.
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Chapter IX.--INVENTORY OF YIELD-INCREASING
PRACTICES

Multiple-Cropping

Multiple-cropping may be Jdefined asg growing more rthap ] crop
PeY acre per year, The science of multiple-cropping is highly de-
veloped in some countries, particularly in eastern Asia, The index
of multiple-cropping is highest in Taiwan, where farmers get an
average of nearly 2 Crops per acre per year, Multiple-cropping

40 percent of its farmland, India, on the other hard, lags, for only
20 to 25 percent of the land grows 2 crops.

Any one of several physical factors can limitthe area producing
more than one ¢rop, Temperature limitations are perhaps the most
Comimndi, Much of the currently developed world is 8ituated in the
Temperate Zone, Winter temperatures in this region are 50
Severe that only the most hardy crops cun survive, Not only are
winters severe, but in the higher latitudes of the North Temperate
Zone, the summer EXoOwing season is quite short, Permitting only
short-season Crops.

In the middie latitudes, where year-round temperatures are
milder, rainfall may be a limiting factor, at least for part of the
year, Many areas in the tropics with relatively warm Year-round
temperatures have monsoonal climates, characterized by heavy
summer rainy seasons followed by an anmal dry season of several
months® duration, The Wet season is ideal for rice cultivation, but
Crops can be successfully grown during the dry season only if
irrigation is available,

Mulziple-cropping is 2 practice cleserving considerable rtrention
as it becomes necessary to obtain g greater output from a limired
amount of lang, Multiple-cropping is not, however, 4 51imple matter
of just planting more than 1 cropper year, It requires substantially
greater inputs of capital and labor and more sophisticated manage-
ment practices, Labor ang some capital inputs are often more

- efficiently used--seasonal unemployment is reduced, and drage

animals can be utilized more fully the year around,
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To what extent multiple~cropping is possible and practical in
parts of the less-developed world where it is not now practiced is
difficult to say, The avallability of capital inputs such as fertilizer
must increase and managemernt techniques must be improved
before any significant advances can be made,

Fallowing

Fallowing may be defined as a system of cropping resulting in
less than 1 crop per acre per year, It is the opposite of multiple~
cropping, which results in more than one crop per year, Fallowing
has various purposes, In most areas it is a moisture-conserving
device, but in some limited areas its purpose is to restore soil
fertility.l And under some circumstances, it is emploved as a pest
or weed control measure,

This discussion will focus onfallowing as a meisture-conserving
device, Moisture loss from bare fallow landis much less than from
land with a crop onit, Fallowing permits the extension of cultivation
into areas with marginal rainfall, Without fallowing, soil moisture
in many areas would be reduced tc the point where crop failures
would become quite freguent, forcing abandonment,

Faliowing is not always a yield-ralsing technique, Yields may
be calculated in terms oftotal croparea, including beth land planted
and land in fallow in any given year, or in terms of planted area
alone, Calculated in terms of planted area alone, fallowing is a
yield-raising techrique, But if annual output per acre is calculated
by dividing outpur by total acreage, both planted and fallow, fallow-
ing may not be a yieldwraising practice. If rainfall is sufficiently
low that cultivation would not be possible without fallowing, then
it is a yield-increasing practice, however calculated,

Fallowing is closely associated with wheat production, Just as
most of the world's irrigated land is concentrated in rice-growing
regions, so most of the world's fallowed land is concentrated in
wheat-growing regions. Some fallowed land is used for production
of other small grains such as barley, oats, and grain sorghum,
but by far the greater part is used for wheat, Fallowing varies in

4 Fallowing to restore soil fertility, practiced mostly by tribal cultivaters, is
confined largely to the tropics, Land, afrer being cleared, is farmed for 2or 8
years umtil fertility declines. It is then abandoned for several years, sometimes
as much as 20 or 30 years, before the tribe remurns. This type of cultivation,
often calied “shifting cultivation,” is practiced in the interior of Brazil, parts
of Sub-Sahara Africa, and in various locarions in Southeast Asia including part of
the Philippines, the outer islands of Indonesia, and the interior of the Indochina
peninsula.
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intensity, In some areas, land is fallowed every second year; in
areas with more favorable rainfall, every third year,

The principal areas of fallow are in the major wheat-producing
countries such as Canada, the United States, (table 20) Australia,
(table 21) and the Soviet Union, Fallowing is an established part of
wheat growing in Canada, Area in fallow in some years closely
approaches the area in wheat, All but a small portion of the wheat
Produced in Canada is spring wheat--wheat sown in the spring and
harvested in the fall. And most of it is grown on land that is
summer-fallowed every second or third year, dependingon rainfall,

Australia's farmers early discovered the value of bare fallow
in producing wheat on their low-rainfall continent, During the last
half of the 19th century, when the few million acres in wheat were
corcentrated along the coast, only one-tenth to one-fourth of the
wheat lavd was in fallow in any given year, By 1925, as the wheat
area expanded inland into the lower average rainfall regions, 1
acre of every 3 was in fallow, Since 1925, the area in fallow has

Table 20.--United States: Area of summer f{allow and area
of’ wheat sown. 1910-62

Cultivated
Summar
fallow™

Area of
wheat
s0Wn

Fallow per 100
acres wheat
sown?

Million acres Million acres Acres

45.8
33.
1916-20-u-.. 59

1921"25 LR R R 63
1926-30...... 66
1931-35 67
1926-40 71
1941-45 61.
1246-50 76
1551-535 71.
1256-60 55.
1961-62

o
-1

-
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¥ The practice of fallewing is confined largely to the re-
gions west of the Mississippi River and is egpecially preva-
lent inm Great Plains states.

2 Although most summer-fallowed land is planted to wheat the
following year, a small part is used for other crops such as
barley and grain sorghums.

Source: (29), and (92).
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To what exrent multiple-crepping is possible and practical in
parts of the less-developed world where it is not now practiced is
difficult to say, The availability of capital inputs such as fertilizer
must increase and management techniques must be improved
before any significant advances can be made,

Fallowing

Fallowing may be defined as a system of cropping resulting in
less than 1 crop per acre per year, It is the opposite of multiple-
cropping, which results in more chan one crop per year, Fallowing
has various purposes, In most areas it is a molsture-conserving
device, but in some limited areas its purpose is £o restore soil
fertility.> And under some circumstances, it is employed as a pest
or weed conktrol measure,

This discussion will focus on fallowing as a moisture-conserving
device, Moisture loss from bare fallow land is much less than frem
land with a crop onit, Fallowing permits the extension of cultivation
into areas with marginal rainfall, Without fallowing, soil moisture
in many areas would be reduced to the point where crop failures
would become quite frequent, forcing abandonment,

Fallowing is not always a vield-raising technique, Yields may
be calculated in terms of total croparea, including both land planeed
and land in fallow in any given year, or in terms of planted area
alone, Calculated in terms of planted area alone, fallowing is a
yield-raising technique, But if apnual output per acre is calculated
by dividing outpur by total acreage, both planted and fallow, fallow-
ing may not be a yield-raising practice, If rainfall is sufficiently
low that cultivation would not be possible without fallowing, then
it is a yield-increasing bractice, however calculated,

Fallowing is closely associated with wheat production. Just as
most of the world's irrigated land is concentrared in rice-growing
regions, so most of the world's fallowed land is concentrated in
wheat-growing regions, Some fallowed land is used for production
of other small grains such as barley, oats, and grain sorghum,
but by far the greater part is used for whear, Fallowing varies in

! Fallowing i restore soil fertility, practiced mestly by tribal enltivators, is
confined largely to the tropics, Land, after being cleared, is farmed for 2 or 3
years untilt fertility declines, It is then abandoned for several years, sometimes
as much as 20 or 30 years, before the tribe temrns, This type of cultivation,
often calied "shifting cultivation,” is practiced in the interior of Brazil, parts
of Sub-Sahara Africa, and in varions locations in Southeast Asia including part of

the Philippines, the outer islands of Indonesia, and the interior of the Indochina
peninsula.
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Table 21.--Australia; Area in fallow and are

a in grain,
selected years, 1860-1981

Faliow per
100 acres
of grain

Area in lallow Area im grain

I bl L Kk b U WL ST 4

Million acres Million acres Million acres
1860, ..
1865, .,
1870. ..
1875 .
1880...
18a5...
1890...
1895, ..
1300, ..
1905.. .
1914, ..,
ais., .
o0, ..
1925...
1330, ..
1935,
1940, ..
1945, ..
1950, ..
1955...
1960, ..
i961...
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> Estimate based on incomplete data.
2 Data for 1949.

Source: (5 ;.

rather consistently ranged between one-third and one-fourth of
the total wheat area,

Fallowing in the United Srates is confined almost entirely to the
low average rainfali, wheat-producing areas west of the Mississippi,
The historical relationship between the area in wheat and area in
fallow closely parallels that of Australia, In1910, the area in fallow
was less than one-tenth of the total wheat-producing area, During
the 1930%s, it Tepresented about one-fifth of the rota] wheat-
producing area, In the postwar period, the area in fallow pxpanded
further, exceeding one-third during the late 1950's and earl;” 1960's,

The Soviet Union is one of the few advanced countries that has
failed to raise wheat yields over the pasr several years, Average
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wheat yields in 1960-62, at 11.9 bushels per acre, were exactly
the same as in 1935-39. The area in fallow declined sharply during
this period, especially over the last decade, Some 75 million acres
were in fallow in 1953, but by 1963 this had been reduced to 13
million acres (84, p. 56 f.), Thesharply reduced wheat crop of 1963
indicates that the reducticn in fallowed land may have taken its toll,

In summary, the practice of fallowing has made possible the
culrivation of land not otherwise cultivable, Sometimes fallowing
is a yield-raising technique; at other times itis not, It is, however,
an integral and essential part of dryland farming as practiced in
many parts of the world,

Irrigation and Drainage

Irrigation is much more widely used in some regions than in
others, Western Europe, favored with an abundance of rainfall well
distributed throughout the year, has relatively little irrigared land,
Asia, on the other hand, is very much dependent on irrigation,
(table 22),Rice, supplying 40 percentoftheregion's total food energy
supply, is grown almost entirely on either irrigated land ox rain-fed
paddy fields, China and India together have more than haif the
world's irrigated land,

Egypt, which with the Sudan has most of the irrigated land in
Africa, is the only country in the world with virtually all of its
cropland under irrigation. Because of this, yields of Egypt's major
crops are far above those in most other less-developed countries,

Spain, with its semiarid Mediterranean climate, has more irri-
gated land than all the other West European countries combined,
The Soviet Union has the major portion of the irrigated land in
Eastern Europe,

The United States, with large areas of cultivated land in the
Southwest almost entirely dependent on irrigation, has by far the
largest irrigated area of any country in the Western Hemisphere,
Mexico ranks next, followed by Argentina, Chile, and Peru, Aus-
tralia, with a very small area under irrigation, is unique, for unlike
most large land bodies, it has no large rivers, and therefore, limited
potential for irrigation.

One crop--rice--monopelizes the world's irrigated land, Pre-
clse data are nor available, but it is certain that rice occupies far
more irrigated land than all other crops combined, It is the only
major crop produced largely under irrigation, Because rice
production is so dependent on irrigation, the possibilities for
expanding the area in rice production are limited by the potential
for expanding the area under irrigation,
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Table 22.--Area of irrigated land in selected countries, selected years,
1850-62

Country i 1953 I 1956 | 1959 l 1982

1,000 mcres
Horth America

Canada.,.... f
United Siates...

Latin America
Argentina...........,...
Bolivia

Parspusy.....
= SV PN
Venezuela....,..,..

¥estern furope
Frante, v v isrrnrennrnnns
OreBCe, s evercsnornrinnss
Italy.ieserernnennas .
Portugal........ teneaan .

arkaw

. Europe and U, 8,5.8/.....
Bulgaris.......

Hungary. .
Bumania.....

Indonesia..ov.n..,
Iran...cesa..

3
b
;
3
i
3
1
]
f

Philippines.........

Thatlend. . ovvevnen.

Ozeanta
Austreiia..,..,...,
Hew Zealand

e e e e

Source: {314}
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In many areas of the world, the faflure to consider drainage
when planning or operating irrigation systems has been very
costly. Neglect of the drainage requirements of irrigated areas
has resulted in the loss of millions of acres to waterlogging and
salinity in the last few vears alone. Thisis particularly true where
rivers have served as the source of irrigation water, River water,
cften flowing froem snow-fed mountain areas to the ocean, has been
diverted ontc the land through elaborate irrigaticn systems. Part
of the water thus diverted is used by the growing crops, part is
lost through evaporation, and part percolates downward,

Gver the course of many decades and centuries, the water
percolating downward nas gradually raised the water table until
in many areas it is within a few feet of the surface. Once the wateyr
table reaches this level, 2 things happen, The lower roots of the
growing crops either fail to develop or die because of the lack of
oxygen, At the same time, evaporation from the high-level water
table results in a concentration of salts, often toxic to plants, in
the upper soil strata, These 2 problems are often referred to
jointly as the waterlogging and salinity problem.

Some of the river irrigation systems plagued with this problem
are the Indus, Ganges, and Tigris-Euphrates, The problem in West
Pakistan, dependent upon water from the Indus River for most of
its farmland, is perhaps most acute. It is estimated that 35 much
as half of the land in West Pakistan is affected to some extent by
waterlogging and salinity (72, p. 68), Thus, at a time when sub-
stantial progress is being made in expanding the irrigated area in
some parts of the world, the area irrigated and the effectiveness
of irrigation is declining in other areas.

The value of irrigation as a source of increased yields is con-
siderable, In many areas, the difference between irrigated and
unirrigated land is the difference between land that is culrivated
and land that is not, Irrigation not only contributes directly to higher
yields bur also expands the possibilities for additional use of other
yield-raising inputs, such as fertilizer, Irrigaticn is also essential
t¢ any increase in multiple cropping in many parts of the world,
Particularly those which have a long dry season,

The uncommonly high yields achieved in Japan are due in large
part to the high percentage of irrigated land and the greater use of
other inputs made possible by the widespread avallability of water,
The spectacular success in raising wheat yields inMexico is due in
large part to the shifting of a large part of the wheat acreage onto
irrigated land,

In viewing future prospects for increasing food cutput, it must
be recognized that whereas most yield-raising inputs such as
fertilizer, improved seed, and pesticides can be increased
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several-fold, world-wide possibilities for expanding the area under
irrigation in the foreseeable future amount to only a small fraction
of the area now under irrigation,

A look at irrigation in the future must focus on two things--the
potential for expanding the irrigated area and the cost of €xpan-
sion, The importance of irrigation and the potential for expanding
the area under irrigation are discussed by Herbert Addison, a
hydraulic engineer with a lifetime of experience, in his book,
Land, Water and focd (1, p. 268). He sets forth the following 3
conclusions ree.rding the historical progress and present and
future star-  of land reclamation:

(32 Less than 10 percent of present world food production comes

from irrigated or artificially drained land,

{2) Less than S percent of this total foed supply depends upon
the control of water on an engineering scale,

(3) Of the estimated increase in world food production during the
next half-century, not more than one-tenth of this total can
be expected as 3 result of new large-scale engineering
works,

The area of land under irrigation cannot be greatly expanded
with present technology, Continuing progress in lowering both the
cost of desalinization of sea water and the cost of atomic power,
however, will undoubtedly expand the potentially irrigable land
area, Despite the progress made in reducing the cost of desalini-
zation, rhe cost must be reduced to a very small fraction of the
present level before widespread use for irrigaticn is possible,

A source of power more economical than anry now eXisting will
be needed to pump the water inlandto food-producing areas, Atomic
energy will in all probability be produced at a cost low erough to
consider its use for this purpose, Just as crude petroleum is now
pumped hundreds of miles from the interior of the Sahara tc the
Mediterranean coast in huge pipelines, so desalted water may be
pumped from the Mediterranean deep into the intericr of North
Africa. But this is still far in the future. It will not alleviate the
food shortage facing this generation,

Agricultural Chemicals

Fertilizer

When food output could be increased by simply expanding the
area under cultivation, chemical fertilizers were useful but not
essentlal, But as it becomes necessary to look more and more to
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rising yields for additions to the food supply, fertilizer hecomes
an indispensable yield-raising input,

World consumption of chemical fertilizers has increased
steadily over the past quarter century, Total consumption in terms
of plant nutrients (N,Py0sand K30) was 10 million tons in 1938,
15 million tons in 1950, and 29 millontons in 1960 (table 23), Nearly
24 million tons of the 29-million-ton total was consumed in the
developed regions,

During the past quarter century, 2 geographic regions--Morth
America and Western Europe--completed the transition from the
area-expanding method of increasing food output to the yvield-
rajsing method, Food output increased dramatically in both regions,
but the acreage in crops actually declined, Theseregions, however,
accounted for nearly two-thirds of the world's steadily increasing
fertilizer consumption throughout this period,

It is not possible to say what part of the food output in the de-
veloped regions is attributable to chemical fertilizer, but itis a
substantial and growing parr. In the less-developed regions, how-
ever, where rates of applications are quite low, fertilizer currently
accounts for only a very small part of total food output,

Many factors inuduence the effectiveness of fertllizerasa yield-
raising capital input. Among these are physical and physiclogical

ot o LT e ko i S L ot it s T e 2

Table 23.-- Consumption of chemical fertilizers (N,FoDs and KaQ), by
regions, 1938, 1950/51, and 1960/61

Region 1928 1950/51 1960/61

1,000 metric tong
Geographic regions

Horih America 4,700 7,541
Latin America 290 999
Western Furope 3,814 9,998
E. Europe and U.5.8.M.......... 2,087 3,127

360 720
1,070 3,290

530 530

TP o e

14,851 28,605

Economic regions

Developed regions? 13,121 23,596
Less-developed regions? 1,720 5,009

! Bxeludes Mainland China, but smount of chemieal fertilizer used by this
country is nat large in relation to the regional total.

2 Includes North America, Western REurope, Essterm Rurope and the U.s.5.R.,
and Cceania.

Sourze: Taken from (14), table 34, p. 105.
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factors such as type and quantity used, method and timing of appli-
cation, type of scil, avallable moisture, prevailing termperatures,
and responsiveness to fertilizer of the varieties used,

Moisture is essential if fertilizer applied to the s0il i5 to be-
come available to plants, Both the amount and annual distribution
of rainfall throughout the year influence the effectiveness of ferti-
lizer. Where rainfall is limited to 2 few months of the year, as in
the monsoonal regions, leaching and loss through runoff may he a
sericus problem,

Perhaps the most frustrating factor limiting the effectiveness of
fertilizer in less-developed countries is the lack of responsiveness
of traditional, indigenous varieties of crops to chemical fertilizer,
Virtually ail varieties of the major crops now produced in the
developed regions have been developed since fertilizer use has
become widespread, Responsiveness to chemical fertilizer has
been incorporated into plant selection and breeding programs,

Mellor and Herdt, in a recent study (65)compared rice~nitrogen
experiments in India and the United States, They point cut the wide
differences in responsiveness of the varieries grown in the 2
countries, Using a broad base of experimental data from 2 leading
rice-producing States in the Unired States (Arkansas and Texas)
and in India (Orissa and West Bengal), they show both the much
lower response at all levels of fertilizer use and the much lower
rate of application at which maximum vields are artained in India,
Maximum yields in India were attained at about 40 pounds of
nitrogen per acre, whereas in the United States they continued to
climb until rates of application reached 120 pounds per acre, The
authors discuss many other factors which could influence the
different levels of responsiveness, such as soils and production
practices, but conclude that inherent responsiveness to nitrogen is
probably an important factor, (85, p, 153),

Fertilizer-responsive varieties grown in one area cannot
always be successfully transferred to another area, Any one of
several factors such as variarions in soils, temperature, length
of growing season, day length, and rhe preferences of local con-
sumers may prevent this,

In addition to the physical and physiological factors influencing
the effectiveness and therefore the use of fertilizer, the economic
relationships surrounding its use also affect the extent of its use
as a yield-raising input (table 24), The price per pound of fertilizer
paid by farmers in less-developed countries is invariably higher
than the price paid in developed countries,® And farm prices of

2 See chapter X for a discussion of the factors affecting costs of yield-raising
capital inputs in less-developed economies.

95




Table 24.--Cropland harvested, feriilizer used, and aversage
rate of application, United States, 1910-62

Cropland Fertilizer |Average rate of
harvested usedt application?

Million acres Thousand tons Pounds

19100 . e enanss 317 856
325 950
346 910
348 1,033
1926-30...... 353 1,385
1931-35...... 336 1,043
1936-40...... 329 1,576
344 2,353
345 3,547
338 5,518
317 6,764
292 8,122

.

.
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1 In terms of plant nutrients--N,P,0,; and K,O.
2 Pertilizer used divided by cropland harvested.

Source: (29).
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foodstuffs are usually lower than those in developed countries, The
contrasting fertilizer costs and rice prices for the United States
and India cited in the article by Mellor and Herdt (63) are probably
not unusual. The cost of nitrogen to farmers was 16,7 cents per
pound in the United States and 22,8 cents per pound in India; the
price of rice was 4,60 cents per pound in the United States and
2.84 cents per pound in India (65, p. 156). In addition to getting less
additional rice per pound of fertilizer becauseoflower responsive-
ness of indigenous varieties, Indian rice farmers are also faced
with a much less profitable fertilizer-cost/rice-price relationship,
The comnbined effect of these factors, which are common to most
less-~developed countries, serves to reduce the amount of fertilizer
used and hence the potential for raising yields,

Fortunately for the less-developed countries, these constraints
on the use of fertilizer can be reduced, Fertilizer-responsive
varieties which are adapted to local conditions can be develeped,
but development will take time, Price policies can be shaped by
government t¢ make the cost-price relationship mozre conducive to
the use of fertilizer,
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Pesticides

W,

Several capiral inputs tend to complement each other, The lack
of any one of the inputs in this group may seriously reduce the
effectiveness of the others, Pesticides is one of this group,

The term "pesticides" in jts broadest sense includes such things
as insecticides, fungicides, and herbicides, Insecticides and fungi-

: cides may be grouped with those capiral inputs usually described
i as yield-increasing; herbicides are moreoften labor-saving, Where
labor is plentiful and inexpensive, as in most underdeveloped coun-
: tries, it may not only be possible butalso more economical to weed
by hand,
The contribution pesticides can make
varies widely with crops and conditions,
doubtedly be commonplace in many places
best control, Iw other areas,
greartly reduce output,

The use of pesticides in less-developed countries is limired by
the same cost-price factors limiting the use of fertilizer and other
[ capital inputs, Anothsr limitacion is the lack of research on plant
i pests in tropical and subtropical regions; the great bulk of
Pesticide research is conducted in the developed Temperate-Zone
countries, And application of the pesticides developed in the ad-

vanced countries often requires high-pressure sSprayers not gen-
erally found in rhe less-developed economies,

Aottt e

toward expanding output
Crop failures would un-
were it not for chemical
the lack of pesticides would not

:
E
i

§
!
;
i
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Improved Varieties

The term "improved varieties" Can mean many things, Used in
this report in its most general sense, it implies a greater response
o a given level of Inputs, The term :iten means improved with
respect to a specific characteristic., This may mean a stronger
stem in grains to reduce lodging, a greater response to fertilizer,
or earlier maturity to Permit cultivation in higher laritudes,

The most economic way 1o cope with some plant production
problems may often be by plant breeding, i.e,, by developing an
improved strain or variety, It

may be less costly o develop a
disease-resistant variety than to eradicate the disease,

In many advanced countries, plant breeding
come partly maintenance operations, Stated oth
where agriculture is quite advanced, a certain
in plant breeding is re
A new variety,
needed to prevent
which must be pai

e e e o TR L it i

e lmmian

Programs have he-
erwise, incountries
minimal investment
quired just to prevent yields from declining,
resistant to a newly introduced disease, may be
a decline in yields, This is, in a sense, the price
d for having large areas of specialized Production

97

2 2 L N Ry aC LYo oY
s e 1t A e by o i et

G e GV T b btV i i T 1 A P

b 5 H T e i 4

a q s bl M EPLTE b g T

I S




S G S
T ——— : -

and rapid transport facilities, Both make agriculture more vulner-
able to insect and disease pests,

Plant breeding and selection programs arelon
programs, Useful varietal improvements are
cumulative; they become available gradually over a long period of
time, Once a breakthrough in the improvement process has been
made, it may be severa] years before farmers learn of it, and be-
come convinced of its worth. The development of hybrid corn in

'l_ the United States is a classic example of an improved seed, The
advantages of increased yields of hybrid corn seem obvious, vet,

it required America's relatively progressive farmers about 2
decades to accept hybrid seed corn completely (fig, 25),
As Increased reliance is placed on raising yields
varieties will beceme an even more important input, It
sible to assess the contribution improved varieties w

g-term continuing
evolutionary and

s Foatit Aoy 0 e

, improved
is not pos-

ill make in
expanding world food output during the remainder of this century,

This contribution will depend upon many things suchas the particular .
crop in question, present level of vields, area of production, and
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cultivation, Rice production has moved northward in Japan, new
drought-resistant varieties have moved wheat production far inland
in Australiz; the area of corn production (for grain) is gradually
moving northward in Europe as new specially selected varieties
become availahle,

Unlike most capital inputs, improved varieties cannot always be
imported. They must often be developed indigenously, Seeds in-
troduced from other countries may not be adapted to differences
in day length, the growing season may be too short, they may lack
resistance to local diseases or insects, or they may not be adapted
to local soils, Much time is usually required to develop improved
varieties, And yet other capital inputs may not be very effective

without improved varieties that are adapted to local growing condi-
tions,

Mechanization

Mechanization may be designed to increase output per persor,
output per acre, or both, Most often it is designed to increase out-
put per person, Until quite recently, the pattern of mechanization
in Western agriculture was directed almost entirely toward in-
Creasing output per person, It was labor-saving,

The pattern of agricultural mechanization in Japan, the most
advanced agricultural economy in Asia, however, has heenoriented
much more towards raising vields, Qverall capital expenditures by
farmers are weighted much more heavily toward' raising yields
than they are in Western agriculture, where land is much more
abundant,

Farm machines can contribute ro higher yields in many ways,
Because of greater speed and capacity, they may permit better
timing of the various tilling, planting, or harvesting operations,
Farmers are better able to take advantage of favorable weather
conditions,

Many tillage operations are not possible without tractors, Deep-
plowing, which can increase yields under certain conditions, ig not
possible with only a team of bullocks and a wood Plow, Subsoiling
(to turn, break up, or stir subsoil) will improve drainage under
certain conditions, but it requires heavy equipment,

Many of today's mose effective pesticides cannot be applied ex-
cept with high-pressure sprayers. Modern mechanical planters
with fertilizer placement attachments do a much better job of
Seeding and fertilizing than traditional hand methods,

99

b A -y . B Dt

;
L
]
i
Ll
2
. :
?
£
i
}
]
i
j
kL
]
i
i
]
]




Pawley, (72, p, 115} in discussing possibilities for mechaniza-
tion in less-developed countries, says:

... 1t is necessary to assign a much more modern place to
mechanization, since the chief function of machinery is to make
it possible for each man to do more work, not to make sach
hectare grow more food, Nevertheless, improvements in equip-
ment, including animal-drawn implements and hand tools, as well
as tractors and tractor-drawn machinery, can make a very
appreciable contribution to raising crop yields per hectare,
firstly, by enabling various operations to be performed better,
and seccndly, by making possible more timely operations. Such
improvements may alsoc make it possible to farm land that could
not be farmed at all with more primitive implements,"

One of the principal obstacles to the use of vield-increasing
farm machinery, especially of the type developed in the West, is
the small size of farms sc prevalent throughout the less-developed
regions, New methods of ownership and financing of this type of
machinery will be needed, Government-supplied credit for pur-
chase by individual farmers who would then do custom work for
other farmers in the community would be one possible solution.
Machines specifically designed for small farm units are needed

as in Japan, where a major step has already been taken in this
direction,

Other Yield-Raising Cultural Practices

An almost endless list of yield-raising practices not already
discussed could be compiled, The purpose of this section is not to
list these practices but rather tc draw attention to their existence,

Relatively little attention has been givente using additional labor
inputs to raise yields., But in some countries, especially rice-
growing countries, the opportunities for raising yields by using
more labor inputs are sometimes quite good,

Japan provides some indication of possibilities inthis direction,
And where yields are extremely low and capital is scarce, in-
creased use of labor may be the easiest way to raise ylelds over
the next few years. Labor inputs per acreare several times higher
in Japan than in many other Asian rice-producing countries, The
Japanese paddy method of growing rice, provides a means whereby
additional labor inputs can be used to raise rice yields, Additional
labor inputs can be used both to construct additional water control

facilities and to adopt more elaborate, more intensive cultural
practices,
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The Japanese paddy method has several advantages over the
traditional, broadcast method. Weed contrel is more efficient and
less costly, leass seed is wasted, the field-growing season is
shortened, the irrigation period is shortened, and water require-
ments are lessened, The shortening of the field-growing season
permits double~cropping in many areas where this would not
otherwise be possible. This method of cultivation does, however,
require more fertilizer and a dependable sourceof irrigation water,
along with the much greater use of labor.

oo i ot ol et S S A oA T B A A b 1 32 YT B A D A R

i
!
i
d
g.
;
i
i
it
i

R

T T

B R v

st i R o D . - :
- s A e b b et A o bt e it i s i e _.!4 Ll pamnnts s PR HE




. GBS Y e T T
- - AT T
N i T 3

Chapter X, -~POTENTIAL AND PROSPECTS FOR
INCREASING YIELDS

Patential For Increasing Yields

In discussing the potenrial for increasing yields per acre, it is
useful to distinguish between the rechnical potential and the economic
potential, The technical potential for increasing yields is defined
within the context of ehis study as the physically or technically
possible yield level with little regard for costeprice relationships,
The economic potential for raising ylelds refers to yield levels

which are economically feasible--i.e., profitable--with a given
technology,

The Technical Potential

The concept of the technical potential for raising yields has

lUmited pracrical application, since production decisions aze made
almost entirely on the basis of economic relationships. The concept
is useful, however, in providing insight into future yield possibilitias,

Many known yield-raising techniques, not at presenteconom ically
pracrical, will one day be profitable. Technology is always changing,
at least in the developed countries, and with these changes some
changes in the economic potential for raising ytelds. To illustrate,
irrigation with sea water, now tec costly to be profitable, may one
day become profitable if the current downward trend in the cost of
desalting sea water continues. Numerous examples could be cited
of yield-raising techniques now widely used, which were too costly
to be practical when first developed,

The level of yields technically attainable is much higher than
the level of yields econemically feasible. No effort wiil be made
to determine, in guantitative terms, the technical potential for
raising yields,

The range hetween the highest and lowest national average yields
in 1962 among major producing countries was 4 to I for rice, 8 o
1 for wheat, and 6 to 1 for corn. And yet even the highest average
national yields are far below the technical petential for raising
vields, Corn yields in the 4 leading com-pr- sicing states in the
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United States--Indiang

» Illinois, Iowa, and Ohio--averaged between
B0 and 85 bushels

per acre in 1963. Individual farmers have
g Up tc 150 bushels, and more

highly successful co
H. L. Richardso
average of 11,000 pounds of paddy rice
is nearly two-and-one
yield of Japan,
Present yield-raisin
yvield

mbination of yield-raising techniques,
Nt notes that in Japan some villages obtain an

per acre (76, p. 19). This
=half times the high national average rice

The Economic Potential

The economic potential for raising yields is always somewhat
less than the technical Potential, Many yield-raising techniques,
demonstrated in experimental plots, are too costly to be used

commercially, This section dealg with what determines whether a
given vield-raising technique is economical.

The potential for greatly

factors affect the farmert

The economic potent
underdeveloped economi
because the cost of ¢
yield-raising capital in
fertilizer, insecticides

S cost-price relationships,

ial for ralsing yields is often lower in
es than in the more advanced econamies
apital inputs is much higher. Many of the

¥

loped economies, The combined effect of
international Lransport costs and inefficient indigenous distribution

systems pushes the cost of capital Inputs to farmers well above
those in the advanced countries,

Another factor limiting the econo
in underdeveloped economies i
to finance yield-

mic potential for raiging vields
8 the lack of capital in rural areas
raising capital inputs, Where incomes are low,
tment in agricuiture ig usually in short supply;
after the purchase of food, clothing, housing, fuel, and other
necessities, lirtle is left for the purchase of capital inputs, And
even where capital is available, interest rates are high. Thus,
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even where farmers are convinced of the worth of certain capital
inputs, they may not have the capital to finance them,
Insofar as capital inputs must be imported, another possible
factor--the availability of foreign exchange--may limit their use,
Yleld-raising capital inputs for agriculture must compete with other
urgent needs for the allocation of scarce foreign exchange.
In summary, at least 3 economic factors dealing with the cost
of ‘nputs serve to reduce the use of capital inputs, and therefore
the ecepomic yield potentlal, in underdeveloped countries below
that of the developed countries. These are the lack of capital to
finance capital inputs and, when capital inputs must be imported,
the additional transport and distribution costs, and the scarcity of
foreign exchange,
Prices of farm products also influence the level of capital inputs
per acre, Where prices are high, farmers can move further up the
i cost curve, which tends to rise as farmers attempt to extract more
and more output from a fixed area of land. Yield-raising inputs g
which are marginal at a given food price level might become
profitable if food prices were higher. Other things being equal,
countries which can afford higher prices can attainhigher per acre
yvields,

Prices of rice and yields of rice are both far higher in Japan
than in any other country in Asia, i prices of rice were to drop to
Indian levels, for instance, yields in Japan would in all probability
decline as farmers cut back the use of some of the less-effective
capital inputs,

Countries with low per capita incomes cannot, in general, afford
high food prices. These countries thus have less yield-raising
potential than those with higher incomes. Rice prices in Japan are
some 3 times those in India, If rice were as costly to Indians, who
spend nearly half of their total income on food (at Indian prices),
as to the Japanese, virtually their entire income would be re-
quired to purchase food alone,

It is necessary to understand the economic limirations on raising
yields discussed above if an accurate assessment of the prospects
for raising yields, particularly in less-developed countries, is to
be made. It will be some time hefore less-developed countries
such as India, Pakistan, or Mainland China will be able to afford
Er vields comparable to those now existing in Japan. Too often the
yield level attained in a developed country is assumed to be readily
within the reach of a less-developed country. But this is not a
realistic assumption, because the economic environments of the
2 countries are Invariably quite different,

Because per acre grain yields in Japan are 3 times those
in India, it is commonly assumed that yields in India can readily
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be tripled,> This is an example of the misuse of yield comparisons
between countries at quite different stages of development, First,
as already mentioned, per capita incomes In India are not high
enough to sustain food prices ar the levels prevalling in Fapan,
Second, assuming that the response of grain to fertilizer were
the same in India as in Japan, India would require, to triple yields,
more fertilizer than the world currently produces--and more than
India could afford. And this does not include the financing of the
complementary inputs needed if the fertilizer were to be used ef-
fectively,

India cannot now, or in the foreseeable furire, produce even a
sizable fraction of the quantities of fertilizer needed to triple
yields, Most would have to be imported, And the foreign exchange
required for such imports is not now available, These few con-
siderations compietely ignore other important factors such as the
ability of villagers to use chemical fertilizers and the investment
required to develop an adequate distribution system,

Many other examples of unwarranted comparisons could be
cited. The fact that the United States has average national corn
yields 6 times greater than those of the Philippines does not mean
that yields in the Philippines can be increased sixfold either now
or in the foreseeable future, The basic economic relationships
within the 2 economies are vastly different. The technical potential
for reaching U,S. corn yield levels in the Philippines may be good,
but the economic potental is not, at the present stage of develop-
ment,

In summary, the failure to distinguish between the technical
potential for raising vields and the economic potential for raising
vields has resulted in unrealistic estimates of the Prospects for
raising yields, particularly in the less-developed countries, The
technical potential for raising yields is sufficiently great that it
will not impose any serious limitations on increasing world food

output in the foreseeable future, The economic petential for raising
yields, however, is much less, and will impose serious limirations
on efforts to expand food output in the less-developed regions at a
rate commensurate with the rate of population growth.

Prospects for Increasing Yields

In many less-developed countries, the supply of new land that
can readily be brought under cultivation is nearly exhausted, This
requires changes in attitude on the part of government leaders and

1Trip1ing grain yields in India would bring per capita grain supplies for
the present population up to nearly two-thirds those of the United States.
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economic planners. When it was still possible to increase food
output by simply expanding the area under cultivation, agriculture
required relatively little artention. But as it becomes possible to
increase food outputonly by raising yields, an immeasurably greater
effore is required. And both government and farmers must be pre-
pared to make this greater effort,

Near~Term Prospects

The near-term prospects for raising yields vary widely among
countries. In some countries, yields will rise very rapidly; in others
they will rise, but at very wmodest rates, In still others, they will,
in all likelihood, decline, continuing the downward trends in evi-
dence over the last 25 years,

Those countries which have experienced yield takeoffs will
continue to raise yields very rapidly, perhaps even more rapidly
than in recent years, The more advanced countries which have
achieved yield takecffs, such as the United States, Canada, France,
West Germany, and the United Kingdom, will probably continue to
raise yields at close to 2 percent per year. Some countries could
conceivably do much better. Another group of countries in the
intermediate stages of development, which have either recently
experienced yield takeoffs or appear about to achieve yvield take~
offs, will probably raise yields at an average rate of 1 t¢ 2 percent
per year, Italy, Spain, Yugoslavia, and China (Taiwan) might be in
this group.

A large number of countries in Asia, Africa, and Latin America
will find it very difficult to raise yields as much as 1 percent per
year over a sustained period., Included in this group are India,
Mainland China, Pakistan, Indonesia, Egypt, Iraq, and many morg--
countries containing two-thirds of the world's people,

Nearly all the major rice-producing countries of Asia are in
this category. These countries have raised yields over the past 25
years, but at very modest rates, Except for Japan, the rate of in-
Crease in every case was helow | percent per year, And many of
the yield increases were due to the rising labor inputs associated
with a rapidly growing population, After a point, additional labor
inputs have little effect on yields unless capital inputs are forth-
coming,

Perhaps the most significant aspect of the rankings (table 25)
was the tendency for entries of different grains for the same
country to be quite close together. This indicates that factors
other than those pertaining to the particular cropwere the principal
determinants of the rate of yield increase, The United States and
Brazil, for instance, both qualified as major producers of all 3
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Tatle 25.--Renking and anmual retes of change in yield per acre of riee, whesl, ond corn and annual
rates of pepwlatlon growth, mefor grain-producing counbries!
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i In the past there hes not been eny direet reletionship between rate of yield per sere incresse and
rate of popuietion growth In many countries. But as more and more countrien became “Ilxed-lagd'' acono-
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2 These are rates for the most recent perled for which date are eveilable, in mosi coses the S-year
pericd from 1958 to 1962.
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grains. Among the 63 entries, the 3 U.S, entries ranked 1, 3, and
11, The 3 Brazilian entries were 40, 54, and 55,

Several countries qualified as major producers of 2 of the 3
grains, Many of these countries achieved similar rates of gain for
both grains, Qut of the 63 entries, Canada was 4 and 6, France 5
and 8, Mexico 2 and 12, Yugoslavia 20 and 26, India 38 and 41,
Pakistan 43 and 44, and the Philippines 47 and 52, A few countries
had widely disparate rates of increase, Egypt ranked 30 and 60;
Bulgaria, 19 and 49,

Also demonstraring the close relarionship between the level of
development and the capacity to raise yields was the tendency for
the most advanced countries to be clustered atthe top and the least-
advanced countries to be grouped at the bottom, All of the top 13
countries were in either North America or Western Europe with
the exception of Mexico, All of the countries in the lower half of
the rankings were the less~develnoped countries of Asia, Africa,
and Latin America, except for a few East European countries such
as Bulgaria, and the Soviet Union,

In a small number of countries which are major producers of
rice, wheat, or com, yields have actually trended downward over
the past 25 years, Brazil, Thailand, Turkey, Guatemala, and Tunisia
are in this group, The causes of these downward trends vary some-
what among countries,

Thailand, unable to raise rice yields to meet the food needs of
its growing population, nearly doubled the area in rice between
1935-39 and 1960-62. Much of the land added was of less-than-
average quality both in terms of inherent fertility and avallability
of water, Some of the other countries with declining yield trends
also expanded production onto marginal land,

Several countries with declining yields were densely populated
corn-producing countries where the opportunities for rotating corn
with other crops, often producing fewer calories per acre, were
limited, Continuous cropping of corn has resiulted in soil-depletion
problems, avoided in som« of the more advanced countries possess-
ing a more advanced agricultural technology. Yields may continue
to decline jn some of these countries over the next few years,
The conditions causing the decline in vields are still present; the

technical know-how and the financial wherewitha! required ro
arrest and reverse these trends do not yerl exist,

Long-Term Prospects

Long-term prospects for raising yields are much brighter than
the near-term prospects because the time required to develop

108

1S e S LI ot e

(3 s VN

i P A T o e I YR B P AL - 1 T R S A T Rl A T

N VP N A




IR P AL e g

BT Y e

¥ T S st

I

i LT e e Wl o B P T

mary of the conditions favorable for a yield takeoff is not available
In the short term. Time ig required for a largely illiterate society
to become lterate, A decade hence, many societies now largely
lliterate may be largely literate,

Low-income countries able to attain economic growth rates in
excess of their population growth rates will have higher per capita
Incomes. This should increase the supply of capital available for
investment in vield-raising inputs and thereby enhance the pros-
pects for a yield takeoff,

With time, agriculture will become more market-oriented, thus
giving farmers more opportunities to purchase yield-raising capital
inptts, As industry develops, many yield-raising capital inputs,
now imported, should become available indigenously. This should
lower costs and reduce the restricting effect of foreign exchange

shortages on the use of capital inputs,
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Chapter XI.--PROSPECTIVE TRENDS IN PER
CAPITA FOOD OUTPUT

Prospective Trends in Developed Regions

The rate of increase in yields of the leading grains in the major
grain-producing countries of North America and Western Europe
exceeds that of population in every case, Population in the United
States has been increasing at the rate of 1,7 percent per year,

Yields of corn, wheat, and rice have been rising 3.7, 2.7, and 1.9

percent per year, respectively, since prewar, Per capita output ’
of all 3 grains has trended upward, France has increased wheat
yields 2,3 percent per year~-more than twice as fast as population,
increasing only 1 percent per year, Wheat yields in the United
Kingdom have risen more than twice as fast as population, Italy
has increased corn yields 1.7 percent per year and wheat yields
0.8 percent per year, but population is increasing only 0.5 percent
per year, Wheat yields have increased slightly faster than popu-
laticn in both Canada and West Germany,

Annual rates of yield increase and annual rates of population
growth are not too different in most East Eurcopean countries, Per
capita output of wheat and corn has increased slightly in some
countries and declined slightly in others, Population growth rares
have generally been low, ranging below 1 percent in Bulgaria,
Czechoslovakia, and Hungary and being negative in East Germany,

The Soviet Union has had no success in raising yields of wheat,

the principal grain and national food staple, Until quite recently,
efforts at increasing wheat output were directed towards expanding
the cultivated area, often into marginal rainfall areas, Eastern
Europe and the SovietUnion seem tohave most of the factors needed
for a yield takeoff, but incentives and the link between effort and
reward remain weak,
): Wheat ylelds in Australia, increasing at 1.5 percent per year
i since 1935-39, have lagged slightly behind population growth, which
has been stimulated by a steady influx of immigrants. Vast expan-
sions in the wheat-producing area, however, have resulted in
: pronounced gains in wheat output per person,

In North America, Western Europe, and Oceania {(Australia and
New Zealand), where nearly all countries have achieved yield
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takeoffs, per capita output of the principal grains is likely to in-
crease even faster than in recent years. In North America and
Australia, most if not all the increase in per capita grain output
will be channeled into exports. Increases in Western Europe will
be absorbed in large part by the growing livesrack industry, which
is expanding rapidly in response to the rising per capita consump-
tion of livestock products, These anticipated gains in per capita
graln output in Western Europe may result in reduced dependence
on imports in some individual countries. Any gains in per capita
grain ocutput in Eastern Europe and the Soviet Union will probably
also be absorbed by the growing numbers of livestock,

Prospective Trends in Less-Developed Regions

During the 1950's, per capita food output in the less-developed
regions irended upward, generally reaching the levels achieved
prior to World War II, But in the 1960's, per capita output has been
declining. Food output per person in Asia, excluding Mainland
China, hus declined 4 percent from the postwar high reached in
1961. Food outpur per person in Mainland China has been declining
since 1858, In Latin America, per capita food output has declined
6 percent from the postwar high reached in 1958.

Afriza alone among the less-developed regions has aveoided a
downw..rd trend in per capita food output, I population growth con-
tinves to accelerate as death rates are further reduced, Africa,
toe. Tay be faced with declining food output per persen, It is not
suiprising that these regions are losing the race with population.
The agricultural sectors of even the most advanced countries would
be hard-pressed to maintain rates of increase in food output equal
t0 current rates of population growth in Latin America and Asia,

Additions to the food supplies ~f the United States and Western
Europe over the past 25 year - ,e cccurred entirely as a result
of raising yields, since the ar. _ in crops is now less than during
pre-World-War-II years. France increased wheat yields 2.3 per-
cent per year during this period. With population growing at 1
percent per year, output per person climbed steadily. But if
France's population growth had been 3.1 percent as in Brazil,
per capita curput would have declined 1.3 percent per year,

Japan's rice yields have increased an average of 1 percent per
year since 1935-39, but population is gaining at less than I percent
per year. If Japan had experienced a population growth rate of 2,2
percent per year, as India is now experiencing, per capita rice
output would have dropped drastically over the last 25 years,
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The United States, one of the most successful countries in

raising yields, increased wheat yields at 2,7 percentper year, With

- the population growth rate of Guatemala (3.1 percent per year) or
the Philippines (3.3. percent per vear), this rate of increase in
wheat output would not have been sufficient to aveid a downturn in
per capita wheat output.

Given the projected high population growth rates-of nearly all
countries in Asia, Africa, and Latin America, the limited pessibili-
ties for expanding the cultivated area in most of the densely popu-
lated countries, and the lack of success in generating a yield take-
off, it does not appear likely that the downward trends in per capita
food output now in evidence in these regionscan be easily arrested,
Barring a rise in the death rate due to widespread malnutrition in
these regions, projections show the fastest population increase in

_ history over the next 10 years, Failure to arrest the downward

trend in per capita food output in these regions will leave two

! alternatives: (1) a continuing decline inconsumption levels (narrow- v
ing the already thin margin between current consumption levels

and survival levels); or (2) growing dependence on food imports--

if imports are available,
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Chapter XII ~-CONCLUSIONS

The prospects for increasing food output per person contrast
sharply between the developed and less-developed regions. The
principal conclusions concerning the prospects for increasing food
output are therefore presented separately for the 2 regions.

vl e i R xS M

(1) Food output per person will probably continue to trend
steadily upward in North America, Western Europe, and
i Oceania. In Eastern Europe (including the Soviet Union), it
i ) will probably also trend upward but at a more modest rate,
Further increases in North America and Oceania will be
channeled largely into exports, Increases in Western Europe
and Eastern Europe will likely be absorbed domestically,

[
o
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(2) The prospects for many of the less-developed countries are
1 not good. Lacking both new land to bring under cultivation
and a significant yield-raising capability, many of these
3 countries will find it difficult to arrest the downward trend
in per capita food output in evidence over the past few years,

The following conclusions support the major conclusions stated
above,

(1) The land-man relationships existing in the less-developed
countries are far less favorable to economic development
than those that existed in the now-advanced countries when
they initiated their development. Cropland per person, only
a fraction of what it was in the advanced economies at a

. comparable stage in their development, is declining rapidly.
Population growth is much more rapid than it was in the
advanced economies when they initiated their development
or, for that matter, at any time in their history. And oppor-
tunities for large scale emigration from overpopulated
areas to relieve popul: -on pressure no longer exist,

(2) The less-developed countries face 2 severe handicaps as
they attempt to make the transition from the area-expanding
method of increasing food output to the yield-raising method,
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They have very little time in which to make the transition,

and they must do it while still in the very early staces of
development,

(3) Several advanced countries have generated and sustained a
trend of rapidly rising yields, The experiences of these
countries show that certain basic factors are almost always
associated with a "yield takeoff.” These are a relatively
high level of literacy, pex capita income levels far enough
above subsistence levels to provide capital for investment
in yield-raising capital inputs, a high degree of market
orientation in agriculture, and development of the nonagri-

: cultural sector to the point where it can supply farmers

g with the goods and services required to raise yields in a

rapid, sustained fashion,

TR AR T

(4) The ability to raise yields per acre is closely associated 4
with the level of development,

(3} The less-developed, fixed-land countries must substantially
improve upon the vield-raising performances of the de-

veloped countries if they are to succeed in feeding their
populations,
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(6) The yield gap between the developed and less-developed
countries, like the income gap, is steadily widening, The
ratio between rice yields in the major rice~producing
countries with the highest and lowest acreage yields in-
creased from 3 to 1 during the 1935-39 periodto 4 to 1 in
the early 1960's, For wheat, the yield gap widened even
more dramatically, going from S to 1 prewar to 10 to 1 in

recent years. And for corn, the third major grain, the ratio
of 4 to I increased ro 6 to I,

T

{(7) Increases in food output per person, in essentially fixed-
land economies, are directly dependent on increases in food .
output per acre. The failure to raise vields ar least as fast
as population, results in declining output per person.

(8) There is no assurance that once a country has exhausted the '

supply of readily cultivable land that it can generate a2 yield-
per-acre takeoff,

(9} The rapid growth in the need for professional agricultural
workers, especially those needed to do adaptive research i
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the less~developed regions, may resuli in a worldwide
shortage in the near future.

(10) Food shortages emerging in the less-developed world are
not due to a lack of technology but to the inability to apply
existing technology as fast as current and projected rates of
population growth require,

(11} Food shortages characterizing so many less-developed
economies are a symptom of a much broader problem--the
unprecedented rates of population growth now prevailing in
almost every less-developed country, Other symptoms are
housing shortages, lack of school facilities and rising num-
bers of unemployed. '

(12) The food shortages, increasingly in evidence in some of the

' large, densely populated countries such as India, Mainland

China, and Indonesia threaten to become chronic unless an

immediate and dramatic effort to increase food output is
forthcoming.
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(13) The less-developed countries, lacking the time which the
now-advanced countries had to improve their agriculture,
will be forced to look to the advanced countries for much
more technical assistance than at present,

VTR Vo e B A e

(14) It will be very difficult to establish a secure and lasting
world order in a situation where the less-developed world
continues to become increasingly dependent on concessional
food shipments from the advanced countries,

it b e

;
1
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(15) The solution to the food problem of the less-developed
countries must come from improving the agriculture within
these countries. Food shipments from the developed countries
can help but they cannot account for more than a very small
fraction of projected increases in food needs over the next
several years,
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APPENDIX

Table 26, --Muctralia—-oll graing -combined: Area, productiom and yield per acre,

1Ru0-190.31

Yield

Yiaeld

Year? Area? Prodie tion per Year? Area’ Production per
acre’ gere®

1,000 Ipunhl Ki Lo 1,000 1,000 Kilo-

agres metrie tanz  gramg acres metric tons grams

1860, .. 852 397 406 1922,... 11,423 3,588 314
1865, .. 1,115 405 363 1923... 11,192 4,035 361
1870... 1,508 478 31% 1924,.., 132,849 3, 262 416
1975... 1,824 722 396 192%... 11,886 3,671 309
1880... 3,510 g289 252 1926... 12,184 4,937 a74
1BB85... 3, u67 T4 223 1927... 14,124 3,837 72
1830. .. 3,961 1,089 2v5 1928... 16,556 4,903 300
1837, .. 4,224 1,340 319 1g929... 17,242 4,089 237
1881, .. 3,824 7T 201 1930, .. 19,923 6,470 325
1889... 4,253 1,307 207 1931..,. 16,437 5,786 352
1890. .. 3,918 1,110 283 1932... 17,404 G, 441 69
1g31... 3,933 1,065 271 1933, .. 17,044 5,504 323
1892... 4,018 1,023 305 1934... 14,857 4,325 291
1893. .. 4,609 1,397 303 1935... 14,384 4,073 325
1894... 0 4,508 1,160 257 ||1936... 14,83 4,772 326
1835..., 4,239 815 190 1937... 16,088 5,864 364
1296... 5,255 493 189 1938... 17,193 4,935 287
1897... 5,145 1,172 228 1239,.. 16,115 6,708 LX)
1898, .. ty 231 1, 554 248 1940... 15,488 2,812 152
1899... Gy 451 1,503 233 1943, .. 14,548 5,539 381
190G... 6,579 1,814 276 1es2,,. 11,3512 4,992 &34
1301, .. 5,947 1,440 242 1943... 10,016 3,668 366
1902... G,127 618 101 1944... 11,368 1,880 163
1903... &, 680 2,643 396 1945.., 14,309 4y T2 3321
1904 ... 72200 1,896 263 i946... 15,918 3,884 244
15805... 65,996 2,310 330 1947, 17,047 7,359 432
1906 . . 6,996 2,364 328 1948... 15,547 6,153 396
1907. .. 6,458 1,634 253 1949,.. 15,322 7,331 462
1%08... G, 402 2,283 357 1950... 14,668 6,109 16
1909... 7,792 3,057 382 1951,... 14,037 5,572 397
191C. .. 8,572 3,250 379 1952... 14,524 7,025 484
191k... 5,501 2,397 282 1953... 14,870 7,051 474,
1912... 8,710 3,095 355 1954... 15,108 5,981 296
1813, .. 14,701 3,410 319 1955.., 15,581 7,410 476
1914. .. 10,520 1,001 w2 \1956--- 12,7C5 5,559 A38
1915... 13,701 5,432 396 f)1957... 14,1132 4,059 288
1918, .. 12,967 4,712 363 1938... 16,934 9,031 533
1917%... 10,4928 2,637 332 1959... 17,766 7,198 405
1918... 9,300 2,532 272 1960... 20,091 10,521 h24
1919, .. 8,019 1,748 218 1961... 19,481 8,854 454
1920. .. 10,628 &, 052 438 1962... 21,662 10,679 493
1921... 11,056 4,070 368 1963,., 21,337 11,190 525

1 Ipcludes wheat, barley, oats, and corn.

2 falendar yeer noteiion refers o C-op year: 1963 = 1963/64.

? Area sown.
% felculations besed on unrounded figures.

Source: {3).
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Table 27.--Australia--wheat: Area, production end yield per acre, 1860-1963

Yield Yield
Year! | Ares? Production per Year' | Area® | Production per
aere? acre’
1,000 1,000 Kilo- 1,000 1,000 ¥ilo- g
acres metiric tons grams acres melric tons grams ’
18ED. .. 64s 279 433 jlagea.., 9,764 2,979 305
1865. ., 218 263 322 |jises... 9,540 3,402 357
1870. .. 1,124 329 223 [l1924,.. | 10,825 4,479 414 ;
1875... 1,422 509 358 |192s... | 10,200 3,116 305 a
1880. .. 3,053 636 208 J|1026... | 11,688 4,395 37, x
1885. ., 2,980 489 164 ||1927... | 12,27 3,217 262 -
18886, .. 3,422 810 237 ([1928... | 14,840 4,346 293
1887... 3,648 1,039 285 [11920... ! 14,977 3,453 231
1888, ., 3,199 474 148 111930... | 18,185 5,813 320 :
1889, .. 3,53 926 262 [|1931... 1 14,721 5,188 352
. 18%0. .. 3,229 738 229 |l1932... | 15,768 5,822 389 i
1891...( 3,335 699 210 {l1933... | 14,00 4,826 324 i
1892. .. 3,441 892 259 |1934... | 12,544 3,630 289 l
1893, .. 3,922 1,811 258 ||1935... | 11,957 3,925 328 i
189%.., 3,700 758 205 111936... 1 12,317 4,120 334 i
. 1895, .. 3,521 497 141 [|1e37... | 13,735 5,096 371 i
; 1896. .. 4,280 568 133 1131%38... | 14,346 4,228 295 4
f 1897... | 4,336 769 177 111939, 1 13,285 5,728 431 i
1898... 5,469 1,127 206 ||iz4a... | 12,625 2,238 197 i
: 1899, . 5,614 1,088 14 [11941... | 12,003 4,537 378 |
i3 iggec. .. 5,667 1,316 232 jlissn.., 9,280 4,238 457 ¥
i 1961, .. 5,116 1,049 205 ||1943... 7,875 2,%86 379 !
i w902, ., 5,156 337 65 [|lasd,,, 8,463 1,439 170 ;
£ 1563.,, £, 566 2,018 363 {]1945... { 11,425 3,876 339 !
£ 1904, .. €,270 1,484 237 1946... | 13,180 3,151 242 l
£ 1905. . . 6,123 1,855 305 Mrsar... | 13,880 5,991 432 b
i 19Ge. .. 5,082 1,808 302 |1i%48... | 12,583 5,150 412 i
; 1807. ., 5,384 1,215 226 |[1949... | 12,240 5,939 F2.18
§ 1408, .. 5,262 1,703 324 (|agse... | 21,603 5,014 430 i
] 1909... 6,586 2,461 374 [119st... | 13,384 4,347 419 i
¢ 1910,.. 7,372 2,589 350 flags2... | 10,209 5,313 520 )
- 19il... | 7,428 1,950 263 ||1953... | 10,751 5,388 501 1
o i912... 7,340 2,503 341 |{1954... | 10,673 4,589 430 i
% 1913,.. 9,287 2,812 303 [|1955... | 10,166 5,319 523 i
1914, .. 9,651 677 70 |}19se... 7,874 3,659 465 i
i 1915... | 12,485 4,873 390 ||1957... 8,848 2,655 300 i
1916... | 11,533 4,148 360 [|1958... | 10,399 5,855 563 3
7., 2,775 3,123 319 1959... | 22,172 5,402 244 4
1918, .. 7,990 2,059 258 |j1980... | 13,439 7,440 534 :
1919, .. 6,419 1,251 195 (|is61,.. | 14,700 6,728 45 ]
1920,..! 9,072 3,970 438 |[|1962... | 18,500 8,352 506
1921, .. 9,719 3,513 381 |1963... | 16,300 8,818 541

! Calendar year notation refers 1o orop year, - i.e. 1963 = 1963/64. 2 pres SOWTL.
¥ Caleulations based on unrounded figures.

Source: (3).
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Table 28.--India: Yield per ascre of individual grains and average for all grains,

1896-1363

[Iilograms per mcre)

Yaar Rice™ { Wheat | Jowar | Bejra | Corn | Barley Ragi giibfigégs
1896-1900. ..., 286 270 -- -- - - -- 281
1901-1905. ... . 291 206 - -— - -— - 296
1906-1910. ... | 269 309 - -- - -— - 282
1911-1915..... 273 371 —— - -— - - 288
1916-1920. ... . ] 309 - - — - - 283
1921-1925. 4444 258 310 - — -— - -— 272
1926-1930..... 254 287 - -- - - - 263
1931-1935..... 233 277 - - - - - 263
1936-39. . ..., 367 283 198 159 310 242 EAR 286
1940 e i nnnren 349 206 202 145 342 342 314 283
1941 eviinaans 316 284 217 178 350 369 357 277
1948200 ceuuus . 334 274 187 157 322 318 237 269
1943 0 hevians 239 293 186 V7 241 335 319 273
R 367 274 191 178 338 318 320 284
1945, ... ..., . 342 276 172 142 302 362 316 263
[ 327 248 146 126 281 333 242 242
10T vua s 340 202 142 128 275 348 290 244
1948, 0 uunss 333 272 167 137 290 354 287 261,
1949, ... 0uus 317 257 138 112 250 291 278 242
195000 iaas 312 265 153 124 254 286 283 244
1951, .00ncnnns 270 289 143 117 221 209 263 224
A 289 264 154 100 254 303 243 230
1933, caeiinuan 309 309 170 120 322 365 241 252
1954 . cusucnnnn 365 304 18z 151 318 338 325 281
1955, aiaiirias 332 325 213 125 321 353 291 275
1956, 0 iaanias 354 287 157 122 2585 333 324 265
1957 e sesnnnnnn [* 281 183 103 332 329 318 275
1958, s iunnaraa 318 269 189 132 214 301 295 239
1859, 000.s . 379 319 208 137 328 329 308 236
1960, s s v iaann 367 314 151 132 351 322 304 288
1961, e iiuuan ' 408 352 219 113 370 35 289 305
1962 invevrann agz 355 209 137 375 377 310 02
1963 393 148 316 143 391 375 317 307

1 In terms of milled rice,
? weighted average.
Souree: (50},
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Table 29.--Jepan--all grains combined; Area, production and ¥ield per acre,
1878-19531

Yield Yield
Area Production per Ares Production per

aere? acre?

1,000 1,000 Klo- 1,000 1,000 Kilo-
agres metric tons Breams acres metric tons Tams

2878... | 8,905 4,258 478 o] 13,883 10,048 88
1879... | 9,118 5,087 558 eeo| 11,846 10,794 927
1880... | 9,225 5,341 579 veo| 11,438 9,717 850
1881,.. | 9,212 4,950 537 cen ] 12,285 9,994 886
1882... | 9,358 5,266 563 eee| 11,322 10,806 955
1883,.. | 9,402 5,203 553 .| 11,29 10, 154 &99
1824... [ 9,380 4,860 518 oo | 21,258 10, 974 970
1885... | 10,163 6,024 593 cen | 13,241 10,704 952
1886... | 10,304 6,934 673 eor] 11,252 10,572 90
1887... | 10,361 7,297 704 11,237 11,354 1,010
1888... | 10,557 7,045 567 cee | 1226 10,166 903
1889... [ 10,741 6,285 585 S T 10,914 965
1890... | 1a,904 7,057 547 won| 11,184 12,318 1,101
1891... | 10,954 7,322 668 eou| 11,192 10,000 £93
1292,.. | 11,009 7,508 682 .| 12,388 10,917 960
1893.., | 11,062 7,028 635 o] 11,432 11,971 1,047
189%... | 10,982 8,039 732 11,497 12,047 1,048
1895... § 11,152 ?,%5 694 ceo i 11,534 11,668 1,012
1896.,, | 11,153 &,968 625 -vr| 11,493 12,902 1,123
1897.., | 11,097 6,619 596 oo | 21,648 11,829 1,016
1898... | 11,313 8,857 783 .| 11,820 10,662 a0z
1899.,. | 11363 7,670 675 lis942.., [ 12,050 12,204 1,012
1900.,. | 11,217 8,036 712 cee | 21,707 11,037 943
1901.., | 11,210 8,816 773 .| 11,645 11,133 956
1902... | 11,382 7,200 633 .| 13,047 8,105 734
1903... | 13207 7,839 687 oo | 20,444 9,927 950
1904... | 11,445 9,285 f11 . { 10,587 10,233 967
1905... ( 11,491 7,398 644 oo | 2257 12,164 1,051,
1968, .. | 11,512 8,676 754 e ) 13,604 11,911 1,019
1907... | 1,50L 9,266 806 . 13,840 12,148 1,025
1908.,. | 11,504 9,579 833 ... | 11,588 11,95 1,022
1908.., | 11,518 9,666 835 .o | 11,515 12,792 1,111
910... | 11,543 8,758 759 111953.,. | 11 420 11,020 963
191l... | 11,586 2,611 830 .ee 11,705 12,455 1,064
1912... | 11,681 9,530 81s oo | 12,080 15,232 1,263
1913... | 11,380 9,806 825 12,063 13,834 1,130
1924.., | 11,875 10,228 B61 .eo | 11,836 13,922 1,176
1915... | 11,855 10,404 878 .v. | 12,786 1,262 1,210
1916... | 11,878 10,730 201 oo ) 231,817 15, 100 1,278
1917... | 11,813 10,296 872 oo | 13,733 15,559 1,325
1918... | 11,808 10,128 858 cee ! 11,471 15,145 1,320
1919... | 11,821 11,071 937 11,213 15,285 1,364
1920... | 11,931 11,259 944 vee | 20,927 13,852 1,214

 Includes rice, vheat and beriey.
2 Caleulations based op unrgunfed Figures.

Source: Compiled from tables 30 and 31.
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Table ZJ.--Japan--rice: Ares, production and yield per acre, 1878-19631

Yield Yield
Year Aren Production per Year Area Production p2r

acre? acre?

1,000 1,000 Hilo- 1,000 1,000 ¥ilo-

seres metrie tons grams acras meiric tons  grams

1878... | 5,559 3,122 562 192%...| 7,665 7,350 Goa
1879... 5,647 3,89 &90 i923...| 7,680 8,133 1,059
1880... | 5,728 3,858 &74 1923...| 7,897 T h2Y 963
1881... | 5,706 3,677 22 1924...| 7,685 T, 660 a97
1882,.. | 5,778 3,746 £48 1lea5...| 7,713 7,598 1,027
1883... 1 5,763 3,748 650 1926...| 7,725 7,049 964
1884...1 5,733 3,292 574 1927...| 7,762 8,321 1,072
1885... | 6,400 4,506 713 1928...| 7,806 8,080 1,035
1886,.. | 6,415 4,988 78 1929...| V,352 7,980 1,016
1887... 1 6,462 3,364 2z0 1920...| 7,923 8,962 1,131
1888... 6,384 5,183 787 193L...| 7,945 7,985 955
i8g9... 6,681 4,427 &3 i932...| 7,963 8,293 1,041
1890...| 6,733 5,772 857 1933...| 7,757 9,729 1,254
1891... 6,756 3,113 757 1934... 1 7,757 7115 o1y
1822...| 6,751 3,549 822 1935,..}) 7,832 7,886 1,007
18%93... 6,787 4,989 135 1936... | WV,837 9,245 1,180
189%4... | 6,692 5,608 838 183%...1 7,361 9,105 1,158
1895... 6,810 5,354 786 1938... | 7,870 e,044 1,149
18%6... | 6,829 4,855 711 193%,..] 7,801 9,468 1,214
1897... | 4,817 4,426 €49 1940...] 7,764 8,352 1,076
18968... | 6,892 6,351 922 1243... 7,975 7,561 972
1899... | 6,947 5,319 766 I¥2... 7,735 9,165 1,185
1900... | &,91% 5,857 203 1943...1 7,603 8,840 1,136
190%, .. 1 &,960 6,287 903 1944, .. 7,201 8,055 1,103
1802... | 6,966 4,949 710 1945,..1 7,088 5,910 834
903... | 7,004 6,237 889 1%46...) 6,871 8,444 1,229
1904... § 7,040 6,591 7% IXTF.L0) 7,293 8,310 1,139
1905... | 7,046 5,115 726 1948...1 7,307 3,140 1,251
1906... | 7,074 6,200 B8 194%.., 7,330 8,805 1,174
1907...} 7,103 6,572 225 1950,..{ 7,441 8,850 1,18%
1908... | 7,143 6,958 o974 1951.., ] V,453 8,2%1 1,11z
1909,.. | 7,181 7,025 278 1952...1 7,436 5,009 1,224
1810... | 7,209 6,247 867 1953., .| 7,440 7,355 286
1911... | 7,267 ©,%928 953 19%4...| 7,539 8,357 1,109
912,.. | ¥,339 &, 737 917 1955.., 7,961 11,357 1,427
1913... | 7,409 6,730 909 1956...| 8,013 9,918 1,238
1914... ] 7,415 7,838 1,033 1957... 8,003 15,432 1,304
1915... | 7,422 7,491 1,009 1958...| 8,03% 10,914 1,358
1916... | 7,507 7,822 1,043 1959...| 8,123 11,376 1,400
1917... | 7,538 7,307 S04 1960...1 8,175 11,728 1,435
1918... | 7,563 7,328 969 196l...| 8,157 11,388 1,396
1919... | 7,991 8,147 1,073 1962...| 8,117 11,929 1,470
1920... 1 7,644 8,466 1,108 1963...| 3,075 11,777 1,458

1 In terms of miiled rice.
2 Caleulations based op unrounded figures.

Source: 1878-1950, Japanese Crop and Livestook Statisting, 1678-1950; 1951-60,

o e W = AT T T

Absirect of Statisticrs on Agriculture, Forestry and Fisheries; 1961-1963,

Reports from office of U.S. Agricultursl Attachd, Tokyo.
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Table 31.--Japan--wheat and barley: Ares, production and yield per acre,

1878-1963

Yield Yield

Year ATen Production par ¥eur Ares Production per
acret gerel

1,600 1,000 Kilo- 1,000 1,000 Kilo-

acras metric tons grams geres  metric tons grams
1878... | 3,346 1,136 340 1921..] 4,138 2,658 635
1879. .. 3,472 1,191 343 1922, ., 3,966 2,681 671
188C... 3,501 1,483 424 1923.. 3,739 2,290 612
i881. .. 3,506 1,393 363 1924, . 3,600 2,334 [T
1882... | 3,578 1,520 425 1925..| 3,608 2,808 778
1882... 3,045 1,455 399 1926.. 2,571 2,705 757
1884... | 3,647 1,568 430 1927.. 3,29 2,603 745
1885... 3,763 1,458 387 1928., 3,435 2,624 Thd
1885... | 3,889 1,946 500 1929..] 3,400 2,592 762
1887... | 3,899 1,933 496 1930.. 3,314 2,392 722
1888... 3,973 1,862 450 1931, . 3,319 2,581 778
1889... 4,063 1,B58 458 1932.. 3,348 2,621 783
1830... | 4,171 1,285 308 1933..| 3,427 2,589 755
1891..,, 4,198 2,209 526 1934.. 3,435 3,885 B840
3a2.,. 4,258 1,953 460 1935..| 3,536 3,051 257
1893... | 4,275 2,039 477 2936..] 3,595 2,726 758
1804, ., 4,280 2,411 L7 1937.. 3,632 2,842 810
1895, .. 4,342 2,391 551, 1938.. 3, G804 2,624 716
189... | 4,324 2,113 489 939..| 3,692 3,434 930
1887... | 4,280 2,192 512 1840..| 3,882 3,477 896
18¢8.., 4,431 2,506 567 1941.. 4,045 3,101 Te7
1894, .., 16 2,351 932 1942..1 4,324 3,035 o2
1900... [ 4,398 2,499 568 1943..] 4,10 2,397 58,
W0Y... | 4,445 2,529 569 1944, .| 4,344 3,078 709
1902... 4,418 2,251 510 1945.. 3,959 2,199 555
1903... | 4,403 1,612 366 1946..| 3,573 1,483 415
W04... [ 4,406 2,394 543 1347, 3,204 1,923 584
1905... | 4,445 2,283 514 1948..| 4,267 3,024 739
1906... | 4,438 2,476 558 1949..1 4,304 3,306 758
1997... | 4,398 2,69 €13 1950..0 4,408 3,297 748
1908... | 4,361 2,621 £ 1951..| 4,235 3,658 864
W60%... | 4,337 2,641 609 1952..] 4,079 3,695 06
1910... 4,334 a,511 579 1953,. 3,971 3,465 873
1911... | 4319 2,683 621 1954..1 4,166 4,098 <
1912... | 4,342 2,803 846 1955..| 4,09% 3,875 945
1913... | 2,475 3,0%% 687 195€..0 4,050 3,716 918
144.., 4,460 2,590 55 125%.. 3,833 3,490 911
1915... [ 4,433 2,913 657 1958..] 3,747 3,348 894
1916... | 4,371 2,871 657 1939..] 3,692 3,724 1,008
1917... 1 4,275 2,989 694 1960..| 3,558 3,831 1,077
1918... | 4,245 2,800 660 1961..| 3,714 3,757 1,134
129... | 4,210 2,924 501 1962..] 3,006 3,356 1,084
1920... 1 2,287 2,793 652 1963..| 2,842 1,475 519

! Caleulations based on unrounded figures.

Sourze: 1878-195U, Japaness Crup and Livestock Statistics, 1878-1950; 1951-1960,
Furestry and Flsherles, 1961-1963,
1 Attaché, Tokya,

Absiract Jf Statistics on Agriculture,
Reports from ofi'ice of U.S. Agricultura

.
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Table 32.--United Kingdom--all grains conbined: Area, production and yield per acre,
1884-1963"
Yield Yield K
Year Area Froduetion per Year Area Production BEY E
acre acre 4
1,000 1,000 Kilo~ 1,000 1,000 Kilo- el
d agres metric fons  Erama acTes metrie tons  grams b
M 1884.. . 7,761 5,848 753 1924..| 6,053 4,723 780 3
: 1885... | 7,673 5,875 785 1925..] 5,812 4,546 782 3
1886. . . 7,609 5,423 713 1926..| 5,720 4,520 790 i
1887... | 7,490 5,45% 728 1927.. | 5,918 4,417 200 3
1388. .. 7,532 5,459 725 1928..| 5,31 4, B3 g28 E
1889... | 7,400 5,579 748 1929..| 5,345 4,598 860 N
1890... | 7,400 5,854 791 19+0., | 5,167 3,953 765 E
i 189%... 7,319 5, 3 770 1981..| 4,851 3,720 7o :
- 1892... | 7,255 5,403 731 1932.. | 4,817 3,924 B13 §
i 1893... 7,145 4,738 663 1993..| 4,901 4,153 847 4
' 18845... | 7,277 5,708 784 1934..| 5,033 £,333 861 1
1895. .. 6,879 4,185 696 1935.. | 4,987 4,219 246 g
1896. .- 6,894 5,227 758 1936.. | 4,938 3,926 795 |
'E 1897, .- 6,950 5,130 737 1937..1 4,778 3,714 77T g
d 1598. .. 6,424 5,689 822 1938..| 5,005 4,378 875 §
. 1899... 6,943 5,401 778 1939..] 4,908 4,217 859 i
i 1900. .- 6,861 «, 930 719 1940..| 6,547 5,727 B75
i 1901, .. 6,669 4,812 722 1941..| 7,691 8,511 Bav ;
4 1903. .. 6,892 5,416 809 1942..1 8,177 7,687 940 1
i 1503... 6,580 4,908 746 1943, 8,930 8,286 928 {
g 1904, . 6,469 4,613 713 1944, .| 8,849 7,968 900 3
¢ 19056, .. 6,562 5,034 67 15945.. | 8,242 7,650 938 i
E.‘ 1906.. . 6,550 5,220 797 1946.. | 7,840 6,343 ge6 ;
v 1307, . - 6,460 5,309 822 1947.. | 7,591 5,888 782 i
B 1908. .. 6,403 4 914 767 1948.. | 7,697 7,470 970 i
; 1909. .. 6,469 5,286 817 1949..| 7,273 7,445 1,023 i
: 1910, .. 6,559 4,985 760 1950, .; 7,362 7,121 967 3
3 1911... 6,515 4,936 758 1951..| 6,896 6,981 1,002 i
; 1912, . - 6,803 4, 677 708 19s2..| 7,193 7,53L 1,047 i
191d... 6,426 4,837 753 1953..| 7,283 8,134 1,117 i
E 1914... 6,416 5,006 780 1954.. 1 7,108 7,587 1,067 F
H 1915... t,699 5,076 758 1955,.) 6,825 8,376 1,227 3
; 1916. .« 6,552 4,775 729 1956..] 7,180 8,262 1,151 |
3 1917 -+ 6,898 5,126 743 1957..§ 7,083 7,909 1,117 9
4 1918, .. 8,314 6,625 797 1958.. | 7,180 2,148 1,135 :
1919... 7,659 5,379 702 1959,.§ 7,020 9,132 1,300 /
1920... | 7,075 5,143 727 1960.. | 7,448 9,440 1,267 1
1921... &, w08 5,218 766 1961..| 7,388 9,519 1,288 4
1922... 5,705 4,837 721 1962.. | 7,753 11,320 1,460 ¥
1923, .. 6,230 4, Bl 745 1963.. | 7,940 11,024 1,388 i

1 Includes wheat, barley and oats. Northern Ireland ineluded after 1959.
Source: Compiled from tables 33, 34, and 25.
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Table 33.--Unjited Kingdorl—-‘vheat: Area, production and ¥ield per acre, 1884-1953t
Yieid Yield
Year ﬂu eq Production par Year fArea Production per
acre dcre
1,000 Lotdn Kilo- 1,000 1,000 Kiloe- ;
geres netric bons Frans acres metric tong grame ;
1884, .. 2,077 2,183 215 (g2, . 1,59 1,405 881 3
1885, ,, 2,478 2,112 852 | |igzs. 1,548 1,388 897 H
188¢., .. 2,286 1,673 732 | |1920. 1,646 1,339 813 )
1887,.. | 2,317 2,023 873 | |1027. 1,702 1,484 871 ]
1888... | 2,564 1,958 764 | [192a. 1,454 1,293 839 3
i8eg, ., 2,445 1, 992 813 1929, . 1,381 1,287 932 §
189C, ., 2,38¢ 1,994 837 | |1930. 1,400 1,127 805 3
1891.., 2,307 1,963 B51 | |1931. L9 2,010 810 3
1892., . 2,220 1,594 718 1932. 1,320 1,149 857 b
1893, .. 1,802 1,340 706 | [1923. 1,739 1,612 530 _
189%., 1,928 1,610 835 | 1193 1,857 1,812 976 1
1895, ,, 1,417 1,012 714 ]193s. 1,873 1,706 911 t
18%... 1 1,69 1,553 217 | 11932, 1,798 1,472 819 :
1897,.. 1,884 1,495 791 1937, 1,832 1,481 BOS E
1898, .. 2,102 1,988 946 | f1938. 1,323 1,915 996 §
1899, ., 2,001 1,783 891 | ligag., 1,763 1,618 218 g
igoo,,, 1,845 1,433 7% 111%40...] 1,809 1,667 922 i
1301, .. 1,71 1,428 840G 111941.,.1 2,2¢5 2,050 905 ;
. igc2, .. 1,726 1,542 892 1942...¢ 2,516 2,608 1,097 :
" 1903. . 1,582 1,297 82C 11943, .1 3,404 3,502 1,611 g
: 1,395 1,004 730 1 1944, 3,200 3,188 995 #
1o0s. . | 1,797 1,603 892 ,1945. | 2w 2,211 972 i
195, , i 1,756 1,608 91 . 2,062 1,999 269 4
AT ! 160 1,502 52 2163 1,692 783 {
15C3... 1 1,097 1,430 879 2279 2,399 1,053 !
) 19¢9, | 1,823 1,672 917 . II 1,963 2,239 1,141 ;
i 1910, .. { 1,80 1,4% 226 fp 2479 2,648 1,568 .
i; i911,. 1,900 1,708 2395 <1 2,131 2,353 1,104 ]
; 1912.. 1,936 1,520 789 2,C3i 2,344, 1,155 ]
H 19313,. 1,756 1502 859 2,217 2,707 1,22 H
¥ 5001 1,862 1,661 £8% ! 19:4. 2,407 2,828 1,151 !
% 1915, 2,247 1,924 B56 ,'|1955 .; 1,748 2,641 1,3%
3 1916.. ‘ 1,975 1,550 795 111956,..7 2,293 2,89 1,261
. M.l 1,970 1,626 822 1]1e87...1 2,113 2,726 1,280
g, | 2636 2,330 903 | 11953. 2,008 2,755 1,248
19%... ;. 2,301 1,820 79 | {1959, : 1,929 2,230 1,457
1920,.. ] 1,929 1,509 782 ||1%e0...; 2,1C2 3,040 1,446
1921.,. 2,041 1,969 365 | 1961, .. 1,827 2,614 1,431
1322, . 2,032 1,737 55 | l1og2 2,256 3,489 1,835
1923, . 1,799 1,557 265 _ngsz... 1,926 2,898 1,504
™ ‘!orthern Tredand included after 1939,
Scuree: 1884- 1939, Abstract o f British Historical Statisties; 1940-+, 1, Annua;
Ab'ﬁ:mct [Ty St.atist.:.cs, 1962-63, Reports from Office el 4,8 Agricqltural

Attaché » London.
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Table 34,--United fﬁ'.ngdom“barley: frea, production and ¥ield per aere » 1884-19g31

Yinld Yield
Yaar Area Praduxiion per Aren Froduction per
1,000 1,000 Kilo- 1,000 1,000 Kilo-
acres metric tons rams acras metrie tons grams
1884... | 2,169 1,676 773 1,466 1,085 740 i
1885... | 2,257 1,797 796 1,471 1,077 732 %
1886... | 2,241 1,635 730 1,270 953 54 -
1887... | 2.085 1,481 70 T w5 7% f
1888... | 2,086 1,553 74 1928..[ 1,204 1,037 800
1889.., | 2,122 1,529 731, 1929..| 1,221 1,032 845
1890... | 2,111 1,677 74, 1930..1 1,137 77 7Oy i
1891... | 2,113 1,036 T4, W31, 1,117 H08 7o3
18%2... | 2,03v 1,599 a5 1932..1 1,020 :E 3 .
1893... | 2,075 1,350 651 19133, 811 €35 783 j
1894... | 2,006 1,640 782 193.,. 957 755 k] 1
1895,.. | 2166 1,557 719 1935, , 868 €84 788 :
189, .. | 2,105 1,605 762 1336, . 891 64l T 2
1897... [ 2,03 1,515 4L 1937, . 204 617 €43 i
_ 1898... | 1,904 1,543 810 | 153g.. S8, 839 853
- 189%,.. | 1,982 1,536 75 1939..| 1,010 831 223 - j
" 1500... | 1,990 1,413 710 1950, 1,339 1,122 838 ‘ :
i 190L... | 1,972 1,386 703 1943.. 0 1,475 1,162 788 i
! 1902... | 1,909 1,508 790 1942.. 1 1,528 1,469 961 i
i 1203,.. | 1,858 1,348 i) 1943.. 7 1,786 1,671 935 3
i 1904... | 1,841 1,397 702, 944,. 1 1,973 1,780 gpp ¥
: 1905... | 1,714 1,318 769 1%5.,| 2,215 2,142 967 3
I 1906... | 1,751 1,373 T84 194¢.. 1 2,211 1,994 962 ]
F 1907... | 1,712 1,369 g00 19474 2,060 1,645 79 ]
1908.., | 1,867 1,241 P4 1948.. | 2,083 2,060 289 ;
£ 1909... | 1,864 1,382 831 1949..] 2,000 2,163 1,050 §
: 1910... | 1,729 1,281 741, 1930.. | 1,778 1,738 78 q
1921,.. | 1,598 1,156 723 1951..] 1,908 1,970 1,032 3
1912... | 1,648 1,162 705 1952..| 2,281 2,371 1,039 }
1913,.. | 1,757 1,314 7.8 1953..1 2,226 3,561 1,150 ;
1514... | 1,899 1,288 758 1955.. | 2,063 2,280 1,105 i
. 935 677 111955, 2,396 2,983 1,299 !
1,057 O, 1956., | 2,323 2,845 1,225 i
1,132 699 1957.. 2,602 3,004 1,146 i
1,226 741 1958..1 2,755 3,221 1,169 i
1,132 673 1959,. | 13,059 4,080 1,334 }
1,326 720 1960..| 3,372 4,30¢ 1,278 ]
1,097 683 1961..( 3,628 5,054 1,320 !
1,053 692 1962.. | 3,980 5,856 1,471 :
1,034 696 1963..| 4,707 6,604 1,403

* Northern Treland included arter 1939,

Saurce: 1884-1939, gbstract ar British Historieal Statisties; 1940-61, Anpual

Abstract of Statistics; 1962-63, Reports from office of U.5, fgricuiltural
Attach®, Iondon,
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Teble 35.--United Kingdom - vats: Aren, production

Year

and yield per acre, 1884-1963%

Froduniion

1884, ..
1889, ..
183G., .
184%. ..
1888, ..
1883., .
JEIC I
149))...
o0, .

1,4t
metric tonz

Yield
per

ErBEm

T T
... |
R, ot
EH...
411?...;
L+t
Xy I
Bhii |
1xd... i
EV AU
L. |
e TR l
I

T

1Mo
JJ-_'?...

L‘ }...i
J_Jl ey
Welloo,
Tadz,., |
Ll
3_‘1-...,
Y N
ik,
iy, !
I A
L5 AL
Gz, L.
Ti2i...
I222...
Leds...

i[
|

1,98
1,
2,114
1,057
1,8
2,004
2,11
é,-.}J‘J
2,114
< ,qh”
'c_‘lpy-..'
2,118
P
2, kEn
Syl

2,003
o, 1n2
2,07
2,70

681
by
6436
¥ 4]
w7
7LF
70}
Nz
iy
U»(r
Tae
u72
cae
[ELRE
o
Via
52
LT
e
I
7L
(3 ¥
TaE.
THL
a1
P
hUE
vdy
ey
L2
a2
Tate
hLE
g
K]
€151
(e
EEL
[
C¥7

ST

j

| Lo ..

Year

924, .,
1225,..
1426, . .1
1927...
8. ..
La. .,
FAEE W TR
il
LA, .,
L9533,
Lida, ..
Tads, ..
e, .,
1947, ..
Ia3g, ..
LR,
L3, .,
l L

AL

Yisa,..|

poLrEs L

L L

Liav, .

: ib-o’..-.

J
I
i
3
i

[ | PO
Livi...!
[ REL R
et
PR
1a%a....

KL T F

Las. ..
.|
1954, ., i
1960,
BACL...
1962, . .
L83, .|

Yield
Arca Produeticon par
acire

1,000 1,000 Kile-
BUTET matrie tona Zrams

2,991 Lye3n TAE,
7,094 2,081 Fhe
& 80 2,223 793
2,649 2,03 P
Z,0.1 7111 e
A A iy B
28450 £yt TEY
Ry E Tl
aard L 2L
LN K Wik
2,819 2 79
ERe gt 2la
2,244 : G-
2y s . 7]
2,08 5 s
2,13% "o
2,974 a3 R
3,951 Nyt B
4,133 1 073
3,690 K i Rer
'1 yEIE kel Az
”"J 3, L3 A
ey iy di a3
J_.j' g F g TE
G, L
EE

41

B

A7

1,762

Yud

1,0

ga°

a4

ign

1,094

L,0%4

1,163

. 1,1

L, 3¢ f 1, ke

Y Merthern Irelard ineiided after 1359,

Geuraer 1984-1957, Abotrait

P oBrivigh fislorical Statistiva; L6061, Annual

Abstrent o S!.nt"‘t:l.";.‘; 190-03, Repurts from Gffiee of ULE. Agricul-
tural stta:hé, Lordon.
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o b T o e T AP R R T | A ol S = e B

Coomiir b e bt o, .

e e el et e o b A AN 1 A id Lt Al U} .



- e m——.

TG TP eI 37 -

eI

e S ALy i

Table 36.--United States--all grains combined:
acre, 1866-1963%

Area, production and yield per

¥ield ' Yield
Year Area Production per Year Area Froduetion per

acra? acre?

1,000 1,000 Hilo- 1,000 1,000 Kilo-

derea  meirie tons rams gores  metric tons prams
18GE. .. 53,360 26,556 408 1915... 211,184 126,191 598
1867... 57,U30 29,13 511 1516, .. 205,163 108, 497 480
1868... 63,153 33,395 520 1917... | 213,734 117,648 550
1869. .. 66,582 31,868 479 1918, .. 222,735 114,914 516
1870. .. 59,681 39,384 565 1919.,. | 215,637 106,893 496
1871... 75,293 40,845 542 1920... 208,820 118,368 567
1E72... 78,335 44, B30 370 1921, ., 214,973 107,381 300
1873. .. 80,960 38,830 480 1932... 201,003 102,%92 511
1874. .. 87,735 40,3541 A6 1923, .. 224,889 105,529 469
igvs... Q4,444 30,875 537 1924, ., 190,258 96,231 506
1876. .. 98,149 20,711 517 1925... 196,354 104,819 534
18%F... 10%, 378 55,588 247 1926, .. 195,105 98,815 506
1878. .. 108,888 58,401 536 1927... 197,851 103,129 521
1879... 113,531 63,031 555 1928... | 202,212 110,078 544
1380. .. 117,055 63,117 539 1929... 205,824 101,627 494
1881... 116,737 43,143 421, 1930.., 208,727 96,542 463
1882, .. 121,728 67,460 554 1931... 208,776 106,205 509
1883. ., 124,376 632,698 504 i932... 218,594 114,045 522
1884. .. 129,293 74,323 575 1932, .. 195,280 84,917 435
1BB5. ., 130,300 72,940 560 1934, .. 145,752 55,327 380
188&. .. 134,649 69,165 314 1935, .. 195,881 95,226 486
1887... 136,841 64,219 471 1936, .. 165,409 65,890 3498
1BES. .. 140,250 7G,907 570 1537, .. 200,741 108,109 Shd
1889... 142,452 84,068 590 1938... | 208,499 1G8, 693 531
1850. .. 129,746 62,5986 451 1939... 186,802 102,669 550
1821... 147,701 89,919 &02 1940. ., 189,319 107,271 567
189z, .. 148,081 75,326 509 1941... 196,572 116,712 534
1893... 149,888 72,303 482 1942, .. 199,302 131,387 559
1894, ., 149,792 65,638 25 1343, .. 198,073 118,707 599
1g9s. .. 160,382 P, 565 37 1944, ,, 209,791 128,307 614
L855. .. 160,150 93,329 533 1945, .. 204,961 127,505 622
1897. ., 162,207 B6,648 534 1946... 208,555 136,779 #3556
1893.,. 167,617 92,858 554 1947, .. 206,350 117,813 571
1899, .. 176,187 98, 640 Sa 1948.., | 211,622 152,301 F20
1900, .. 175,104 97,653 558 1949, .. 210,695 133,052 G631
1901... | 176,160 75,945 431 1950.. . 198,202 132,075 BE6
90z, .. 174,779 104,788 600 1951.., 189,983 123,873 652
1903, .. 174,198 S4,787 544 195z, .. 196, 447 135,760 591
1904. ., 171,132 98,047 373 1953, .. 194,678 132,231 679
1905. .. 175,478 110, 285 628 1934. ., 192,008 132,835 134
1506, .. 175,542 112,039 638 1955, . 186,068 137,537 739
1907. .. 174,872 25,135 F45 1956, .. 173,232 137,611 794
1%08... ; 174,697 94,731 5432 195%7.., 178,496 148,199 30
1909, ., 190,095 104, 506 550 1958, .. 182,3%0 172,587 340
1910. .. 195,378 109,714 Se2 1959, .. 185,028 168,414 10
1911... 199,137 96,799 =86 1960.. . 183,001 180,579 287
19iz... 198,017 119,559 606 1961. ., 161,211 183,517 1,014
1913, .. 200,947 98,060 428 1962... | 150,574 162,311 1,078
1914... 202,065 109,265 541, 1%a3..,. 136,074 175,239 1,123

1 Total ipeludes only wheat, corn and cats in early years; rice, rye and barley

added in 1909; grain sorghums added in

Source:

s e s it ALY

1929,
Calculations besed on mrourded figures,
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ve=luited dtates-~aorn:

Ares, production and yicld per nere, 1B0£-1963

Frodustiasn

Yield
per

acre"'

Year

Area

Froductisn

Tiedd
per

azrel

1Eek, .,

187,

183, ..
1309...
147G, ..
18%1...
ig72...
1273...
1874...
L1
87 ..,
18%7. ..
g,
87m...
13BU. ..
1881...

1382, .

1383..,
1884...
1885, ..
1886...
1887...
1888. ..
1889. ..
189C. ..
1891, ..
iga2...
1893...
1894, ..
1= L
1896...
1897...
1898, .,
1899, ..
1%00...
1901...
wo2...
1903, ..
1904. ..
1905...
906, ..
1907...
08, ..
909, ..

19140, .

1911..

1%12...
1913...
1914, ..

1,000
BEIYE

1,000
metriz tons

30,017
32,116
35,136
35,433
38,388
42,002
43, 5u4
44,084
47,640
52,42,
58, 277
23,799
59,659
62,229
€2,545
€3,026
66,157
68,168
£8.834
71,554
73,911
73,296
77,4,
7,656
74,785
78,855
76,914
9,832
80,002
93,479
89,074
89,905
87,784
94, 591
94,852
94,422
97,177
93,555
95,228
95,746
95,624
36,094
95,285
100,200
102,267
101,293
101,451
100, 206
97,796

13,564
20,166
23,359
19, 866
28,571
29,001
32,498
25,613
26,894
36,839
37,548
38,508
39,741
44,503
43,352
31,620
44,586
41,967
£9,478
52,271
45,285
£0,758
57,169
58,278
41,924
59,333
42,197
4B,273
41,024
64,387
&7,848
58,102
59,729
67,207
67,618
43,583
70,452
63,887
68, 244
75,040
77,040
66,394
65,199
66,327
72,465
62,859
T, 879
57,726
64,107

Kilo-
Trams
617
27
g ¥
N
A
£91
747
532
564
FO
€78
CE5
[H¥)
716
693
503
LT3
615
719
726
612
556
739
G
561
72
627
605
513
Til
62
845
681
711
714
L62
724
683
LG
RS
805
222
683
503
9
620
739
577
€55

145, .
1916. .
1917..
1918, .
1919,
1920, .
L321..
izz..
19232,
1924, .
1935,,
1926G. .
1927, .
1924..
1929..
1930, .
153%.,
1932, ,
1933..
9.5,
1935..
1934, .
1837..
1938, .
1939.,
1940, .
1541..
1942, .
1943, ,
1944.,
1945, .
194E., .
1947, .
1948..
1949,
1950, .
1351..
1952, .
1953,.
1954.,
1955..
1956, ,
1957..
1558, .
1959, .
1960, .
1961..
1962, .
1963, .

1,000
J0TES

1,000
metriz ions

i lo-
IAmS

100,523
100, 5¢1
110,893
102,195
87,487
0,149
91,939
82,858
87,433
24,119
8,825
83,275
83,915
85,832
83,194
85,525
91,131
97,213
92,130
61,245
82,551
67,833
81,222
82,788
78,307
76,443
77,404
79,213
81,806
85,002
77,928
78,410
73,802
76,840
77,106
72,398
71,191
71,353
70,738
&3, 668
68,462
84,877
63,065
63,549
72,091
71,644
58,449
56,609
60,654

1,862
€1,604
73,87
62,011
59,481,
&8,458
64,948
56,€3)
1,713
47,249
€0, 512
54,363
56,344
57,431
54,232
44,637
56,642
5, 501
53,462
29,128
50,537
31,972
59,678
58,425
59,479
56,057
61,329
71,159
&7,782
71,164
65,470
7,072
53,553
84,002
74,837
70,210
6,77
75,17
73,198
68,781
72,972
78,113
77,353
85,248
97,145
99,265
92,088
92,372
103,673

714
£12
CEA
6u7
e8]
52
e
[t}
TG
s6l
696
853
£71
LaR
&53
521
[
€73
579
(5]
G615
&2
734
706
759
734
93
=]
s2e
835
841
G945
726
1,092
o70
97
938
1,0m1
1,035
1,062
1,066
1,188
1,227
1,341
1,348
1,385
1,575
1,632
1,712

% galeulations based on unrounded fipures.

Souree: Agrieuliursl Statistics 1962 3 1919-1943, Corn asrcage, yield and produc-
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Lion, A5; Statistical Bulletins WNo. 108 and 185.
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Table 3%,--United States--wheal; Area, production and yield per acre, e
1866-1903 -i
Yield Yield '
Year Area Production per Tear Aren Froduction per :
acre acret B
1,000 1,000 Kilo- 1,000 1,000 ¥ilo- 3;
acres metric Lons grams acres metric Lons Erams §
1
1866... | 15,4u8 4,019 294 5. .| 60,3203 27,451 455 g
_ 13e7%... 1,738 5,739 343 1916, .. 53,510 17,270 324
' 18e8... ] 19,140 &, 351 19Y7...| 46,787 16,868 359 g
1B69... | 21,194 7,880 73 1918...| &1,068 24,0607 A03 5
1870, .. | 20,945 6,924 129 1919...1 73,700 25,912 51 ’
1871... | 22,230 7,390 332 1920... 62,358 22,950 Elery |
1a872,.. | 22,962 7,389 Rl 1921...| &4,566 22,289 346
1373... | 24,866 8,762 351 1922... 61,397 23,042 376
1a74. .. 27,31 3,092 354 1923... 56,720 20,670 362 i
1875... | 28,382 2,038 302 1924, .. 52,403 22,905 435 g
187¢... | 28,283 8,413 297 1925...| 52,443 18,199 248 )
: 1977... | 27,963 10,764 284 192¢. .. 50,616 22,649 400 o
i 187¢... | 33,379 12,235 367 192%... 59,633 23,815 400 )
P 1879, .. | 35,347 12,498 354 1923... 59,226 24 885 419 . g
f 1380... | 348,390 13,099 359 192%... 63,392 22,431 354 4
| lgel... t 36,795 11,047 299 1030...| €2,637 24,127 186 !
i 1282... | 26,496 15,029 4311 193%L... 57,704 25,625 Lo i
i 1883... | 35,587 11,441 335 1932, .. 57,851 20,584 357 E
L 1384... | 38,485 15,548 402 1933...| 49,424 15,029 305 4
£ 1885, .. | 35,053 10,884 310 1634, .. | 43,347 14,317 329 j
E 1836... | 3¢,312 13,570 384 193%... 51,335 17,098 iz !
5 1887... | 36,873 13,356 362 1936...| 49,125 17,143 348 K
1w888... | 34,969 11,930 329 1937... &4, 168 23,784 370 i
H 1883,.. | 36,098 13,727 381 1938...| 69,197 25,036 362 i
] 1840, .., 36,686 12,321 332 1339...] 52,660 25,172 384
B 18591... | 41,000 18,440 449 1540, .. 53,272 22,171 416 !
1892... | 42,973 16,652 286 1941, .. 59,935 25,636 457 4
1E893... | 40,790 13,756 37 42...1 49,772 26,382 531 ¥
18%4%. .. | 42,167 14,748 387 1943, .. 51,355 22,965 L4, 1
18645... | 38,998 14,704 378 1944, . . 59,749 28,852 482 !
1B9G... | 40,828 14,233 348 1945,...| ©5,167 30,145 b3 i
> 1897... | 43,413 16,493 381 19460, 67,105 31,356 +08 !
3 1898, .. 50,506 20,906 414 1947, .. 74,319 36,984 435 F
7 1399... 52,342 17,830 340 1948...| 72,418 35,242 &B7 ]
} 1900, .. 1 49,203 16,311 332 1949...| 75,910 29,894 395 ;
1901, .. 50,847 20,733 408 1950, .. eL,607 27,742 449
1902. .. | 4b,244 18,696 406 1951... &1,873 20,894 435
1993, .. | 48,456 18,047 373 1952... 1 7TL,M30 35,556 501
1604 .. | 43,155 15,120 351 1953... &7, 840 31,92 471
1905... | 46,306 19,715 414 1954... | D4,356 24,7778 4533
1606, .. | 46,230 20,154 435 1955, .. 47,290 25,504 539
1507,.. § 44,139 17,112 38 1956,,.1 49,763 27,363 550
1a08... | 45,102 17,4135 389 1957... | 43,75 26,011 593
1909, .. | 44,262 18,614 La) io58... 53,047 39,660 P48 Y
1810, .. | 45,793 17,023 373 1959...1 9L,781 30,512 591
1911... | 49,894 1€,824 a37 L9eh. .. 51,896 36,939 713 b
1212... 45,413 19,8u8 411 1961, .. 01,551 33,604 652
1913... j 52,012 20,442 292 1962. .. | 43,545 29,714 682 ’
1914, .. 55,613 24,426 438 1963,.. | 45,256 30,961 G684 t

1 paleulations based on unrounded figures. |
Source: 186€-1961, Agricultural Statlsties 1962; 1961-19&2, Yheat Situation.
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Table 39, --United States--ovats: Area, production and yield per acre,
1866-19631
Yield Yield
Year Area Production rEr Year Area Producticon PET
acra® acra?
1,000 1,000 ile- 1,000 1,000 Kilo-
acres meiric tons grams acres metfric tons groms y
18€6. .. 7,935 3,373 425 |11915...| 38,802 20,833 537 {
1867... 8,170 3,231 395 {(19l6...| 29,098 16,532 422
1888. , . 8,897 3,334 37 ||1917...) 4L,604 20,938 504 %
1869. .. 9,555 4,132 431 [{1918...} 42,464 20,736 488
1870... | 10,328 3,889 376 {|1919...| 39,601 16,062 405 ;
187%... | 11,061 4, 445 402 ||1930...| 42,732 20,904 451
1872... | 11,789 4,743 402 |[1921...{ 45,539 15,172 334
1873.., | 12,01 4,455 372 j|1%22...| 46,324 e, 662 414 .
187%... | 12,775 3,955 309 li1ga3...| 40,225 17,813 443
f 1875... | 13,016 5,298 389 J|19a24...| 21,857 20,555 491 !
- 1876... | 14,589 4,750 325 |11925...| 44,240 20,398 462 j
1877... | 14,816 6,319 %27 ||1%2e...| 42,854 16,735 350 3
1878... | 15,830 6,435 406 {|1927...| 40,350 15,868 393 i
1 1879... | 15,955 6,030 377 [|1928...| 40,128 19,057 475 2
1880... | 16,414 6,066 370 I|1929...] 38,153 1e,155 424 i
: 1881... | 1a,91é 6,476 343 |[1930...| 239,847 18, 501, 464 H
3 1882... | 19,075 7,845 411 ||1931...| 40,193 16,318 406 3
: 1883.,. { 20,621 B, 790 427 |jes32...| 41,700 18,210 437
B 1882,.. | 21,97 9,297 423 |11933...| 3¢,528 1G, 688 293
: 1885.., | 23,351 9,785 419 111934, . ) 29,455 7,900 269
] 1886... | 24,4260 2,904 405 [[1935...| 40,109 17,567 438 1
i3 1887... | 26,272 10,105 385 1]1936...4 33,654 11,504 343 i
E 1888... | 27,807 11,222 404 |[1937...| 35,542 17,081 480 k
' 1889... | 28,697 12,063 421 |f1938...| 36,042 15,813 438 i
i 1890... | 28,275 8,841 312 |[1939...] 33,480 13,501 415 ;
1891... | 27,736 12,146 437 ]1840...] 35,431 18,002 511 {
1892... | 28,1u8 10,497 372 [|1941.,.| 38,1¢1 17, 164 450 p
1892.., | 29,2066 10, 264 351 |[zms2.,.| 38197 19,489 510 3
1894... | 29,556 10,886 369 lawds...| 38,914 1L,545 425 H
; 1895.., | 3G,505 13,424 434 ||1944...| 39,741 16,681 419 i
7 1896.,. | 30,243 11,248 372 |[1945... 41,739 22,119 530 ]
1897... | 28,829 12,041 418 ||1946... | 42,812 21,447 501 :
¥ 1898... | 29,327 12,225 217 (|1847...| 37,855 17,072 451 i
e 1899... | 29,254 13,603 464 | 11948...| 39,280 21,050 53¢ !
1800.,, | 31,049 13,724 443 1949...] 37,794 17,710 469 ™
1901... | 30,891 11,509 376 {{1950...1 39,306 19,874 505 1
1902... | 31,358 15,631 498 |l1851...| 35,223 18,545 527 1
1903... | 32,187 12,853 359 |11952...| 37,012 17,671 478 !
1904.,. | 32,749 14,683 449 |l1953...1 37,530 16,739 446 A
1905... | 33,426 16,030 479 111954, | 40,551 20,461 503 i
1906... | 33,688 14,845 441 |{1955... | 39,027 21,714 55¢
1907... | 34,439 11,629 338 {19%6...( 33,333 16,713 501
1908... | 32,310 12,037 351 ||1957... | 34,065 18,723 550
i 1909... | 35,062 14,717 416 ||1958.,. | 31,247 20,342 650
1910... | 36,844 16,056 P 1959... [ 27,793 15,271 550
+ 1911... | 37,148 12,854 345 |il960... | 26,848 16,762 630
1912... | 37,244 19,643 327 [|196l...| 24,077 14,702 611
. 1913... | 37,245 15,083 405 111982... | 22,675 14,806 €53
i 1914, .. | 37,213 15,478 417 ||1963... | 21,757 14,233 €54,

1 Pricr to 1849, ineludes an sllowanee for outs cut ripe for feeding, un-
threshed.
2 Caleulations based on unrounded figures.

Source: 1266-1961, Agricultural Statistics, 19€2; 1961-1962, Feed Situation.
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Table 40.--United 3tetes--barley: Area, production and yield ner acre,

1903-1953

Yield Yield
Yesr Ares Production per Year Areu Froduction per

acre! acre!

1,000 1,000 Kilo- 1,000 1,000 Hilo-

zeres metrie tons prams uCres metric funs  grams
19409, .. 7L 3,768 ) 1937... 5,969 4,831 486
191¢C... 7,546 3,1 A1P 1928...| 1C,£10 5,587 527
191, 7,613 3,159 %16 1935...] 12,739 0,057 475
191:... 7,542 4,288 367 1940...] 13,535 6,177 301
1913... 7,673 LS 451 1.1, L1a,276 7,894 553
191n. .. 7,653 3,869 505 19-2...| 16,958 9,350 351
1915%... el ~, 06 6l8 A2 3.0 14,900 7,031 472
1916, .. 7,623 3,4E5 455 194, .0 12,301 6,015 - 420
1917... &,453 3,967 470 1is, 00 10,454 5,813 355
1918, .. ¢,198 «, 00 533 1946... 10,380 3,71 555
1419... 6,579 2,85+ 433 1947, .. 10,925 6,137 560
1920, .. 7,439 3,785 501 1948...1 11,405 4,870 577
1921... 7,07 2,883 09 1949...) 9,872 3,162 523
1922... 6,601 3,329 500 1950...F 11,155 £, Bls 592
1943, .. 7,151 3,464 483 1951... 9,025 5,600 594
192.... 7,038 3,539 512 1952...| 8,238 w968 [SE]
1925... 2,186 w190 al2 1953... 8,680 5,312 618
1926, .. Tyl 3,615 457 1954, .. 12,370 8.2357 618
1527... et 5,205 51, 195%...| 14,523 3,776 &05
1924, .. 12,735 7y Lad 562 195&...| 12,852 8,201 638
1929... 13, 56 6,110 451 1957...| 14,872 3, Bl 649
1930... | 12,629 6,36 520 1958... | 1%,791 1C, 334 103
143t... 11,181 4,301 390 1259...| 14,918 G,1% Gls
19320, 13,06 6,517 e, 1960...| 13,939 9,291 673
19.3... 9,641 3,328 346 3el... | 12,969 B,565 650
3., B, 577 2,55€ 388 1862, .. | 14,430 2,502 Toh
1334, .. 13,4386 6,285 a05 1963...F 11,538 8,707 735

1936... 8,339 3,217 385

i Galeulations buged wn unrourded Tigures.
1900-1961, fAgricultural Statistics, 1$62; 1961-1962, Feed Situation.

Gource:
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Teble 41.--United States--rice: Ares, production and yield per acre, 1909-1963

Yield Yield
Year Area Produsiion?® per Year firea Production® per

acre 12 acre * 2

1,000 1,000 Kilp- 1,000 1,000 Kile-

agres metric tons grams geres metric tons grams
1909. . 652 316 478 1937.. 1,099 717 653
1910.. 666 332 499 1938..1 1,076 705 655
1514.. 636 305 A78 1939..| 1,045 726 695
1912, . 642 318 495 1940. . 1,069 731 684
1913, . 732 325 450 1941.. 1 1,214 £90 568
1914, . 646 315 488 1942.. | 1,457 868 595
1915., TAD 351 474 1943.. 1,472 873 594
1916.. B43 531 630 1944, .7 1,480 924 624
1917.. 953 467 489 1945.. 1,459 216 611
1918.. 1,103 537 488 1946, . 1,582 970 613
1919.. 1,083 5376 32 1947. . 1,708 1,051 613
1920.. 1,299 694 534 1948..| 1,804 1,142 &34
1921.. 990 528 533 1949..| 1,858 1,217 633
1922 1,053 559 531 1850.. | 1,637 1,159 707
1923.. 874 446 511 1951.. | 1,996 1,376 689
i924.. 2318 £38 523 1952. . 1,997 1,438 721
1925.. 853 443 520 1953..| 2,159 1,577 730
1926, . 1,016 565 555 1954, .| 2,550 1,916 731
1927. - 1,027 597 582 1935.. 1,826 1,689 G913
1928. . 72 589 605 1956.. 1,569 1,476 G40
1923, . 860 531 817 1957.. 1,340 1,282 955
1930, . 966 £03 624 1958. . 1,415 1,336 944
1931, . 963 399 610 1959.. 1,586 1,601 1,009
1532.. 874 559 640 1960, . 1,595 1,629 1,022
1933.. 798 506 634 1961.. 1,589 1,601 1,007
1934, . g1z 524 646 1964.. | 21,765 1,924 1,020
1935.. 817 530 649 1963.. 1,770 2,09z 1,181

1936.. 981 669 682

1 In terms of milled rice.
? Caleulations based on unrounded figures

Source: 1909-1961, Agriculiural Stabistics; 1962-1963, Hice Situation.
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Tatle 42,--Uniked Stateg--grain sorghum: Area, production and yield per aecre,

19291963
T
Year Area Production Yield per acre?
1,000 acres 1,000 metric tons Kilograms
3,523 1,269 36l
3,477 954 274
4,443 1,827 412
4,400 1,679 381
4,354 1,381 312
2,39 488 203
4,597 1,463 318
2,793 THY 27
4,915 1,777 257
4,699 1,707 363
4,760 1,353 284
6,374 2,434 381
5,015 2,884 480
5,991 2,785 465
6,889 2,782 404
3,386 4,699 500
6,324 2,440 386
6,669 Pl 404
5,480 2,368 432
7,317 3,337 497
6,600 3,772 572
10,346 5,932 574
8,544 4,137 485
5,326 2,305 432
5,295 2,939 467
11,718 5,984 511
12,891 6,163 478
3,009 5,204 584
19,682 14,466 732
16,524 14,759 go4
15,402 14,103 914
15,532 15,746 1,011
11,028 12,259 1,113
11,536 12,947 1,132
13,488 14,821 1,009

* caleulatione based

on wraunded Cigures.

U.5 GOVERNHENT PRINTING QFFICE : 1965 O —7§5- 405

Source: 1929-1961, Agrieultural Statistirg 1962; 1962-1963 Feed Situation.

P S N T

For sale by the Suporintendent of Documents, 1.8, Government Pr

Wiushington, D.C., 20402 - Price 45 cents
140

et ot i B i et prmmnm i o

inting Office

. o 3 o e et B st B ot i 8 A it el 1




