CHAPTER X1
POTENTIALITIES FOR RICE EXPANSION: YIELDS

Although the production of rice in parts of the East has
tended for some time to lag behind the growth in population
of rice-eating countries, nevertheless Monsoon Asia is not
without potentialities for expanding its ice output. It may be
true, as various geographers contend, that any “great expan-
sion of Asiatic agriculture or intensive land use would seem
impossible. The habitable lands of Asia have long heen fully
occupied.” However, a “great expansion” might ot be re.
quired in order to provide sufficient food for a population in-
creasing under conditions of the foreseeable future.

When one considers that many observers believe it feasible
to double the paddy production of all southern Asiatic rice.
producing countries, even including China, one can readily
visualize what this means in terms of potential rice supplies.
Mukerjee* has stated that “Indian crop yields can be at least
doubled by the use of improved seeds and methods of tillage,
fertilisers and by the utilisation of idle or semi-idle labour.”
Similarly, Thompson' believes that “the yield of agricultural
products in China can be doubled. . the possibility of
agricultural expansion . . . . is . very large.” When
Zimmerman* studied Thai agriculture in 1930-31, he foresaw
the possibilities of doubling yields generally and increasing
the actual area of wet rice by a third or a half, over a 25-40.
year period. The same general observations can be applied to
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Burma, French Indo-China, the Philippine Islands, and other
rice-growing countries to the south.

Even in Japan, already by far the most intensively farmed
country of Monsoon Asia, the “generally quoted estimate,
endorsed by Professor Nasu, gives 25 per cent. as the potential
future increase in the per tan production of rice obtainable
“through the gradual improvement of social and economic
conditions as well as by constant effort to improve technical
skill in farming work.’”*

The apparent differences in points of view expressed by
these quotations, and the seeming inconsistency between the
limitations to Asiatic agricultural expansion in general and
the potentialities for enlarging the rice output in particular
are partly explained by differences in concepts. “Potentiali-
ties” may be viewed in terms of how nearly present output
approaches the physical limits of production under optimum
economic conditions and, clearly, “potentialities” may also
refer to the probabilities for expansion under varying other
sets of economic conditions. Here, and in the following chap-
ter, we are not concerned with prospects for rice expansion
under any assumed set of economic conditions, but solely with
the question of physical possibilities—the various steps that
might be taken to increase the rice output if economic circum-
stances permitled.

Rice production may be increased by improving the yields
obtained, by enlarging the area sown, or by a combination of
both methods. Yields may be enhanced by applying more
labor to present lands, improving the soil through fertiliza
tion, crop rotation, hetter breeding an tion of varieties
suited to the type of soil and climatic conditions encountered,
and by hetter management of all these factors. Bringing more
land into rice production depends upon its availability, adapt-
ability, Jocation, and numerous other factors—possibly the
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substitution of mechanical for man power, and so on. The
practicability of all of these general methods for expanding

e rice output depends, in varying degrees, upon what is
economically feasible. This chapter is concemed primarily
with xice yields per unit of land area, some of the mory
important factors affecting yields, and the bearing of present
and potentially procurable yields, considering only the physi-
callimitations, upon aggregate rice supplies. Chapter xii will
examine the potentialities for rice expansion through tho
opening up of new lands suitable for rice, or the conversion
of older areas into paddy ficlds.

PRESENT YIELDS AND TRENDS

Diverse natural conditions and cultural practices within
Monsoon Asia produce wide variations in the annual output
of paddy obtained from given units of land. Yields range
drom the meager returns secured from upland (nonirrigated)
fields in parts of Java, Indo-China (e.g., Laos), and many
islands of the Philippine group, to the heavy production of the
intensively farmed, irrigated paddies of Japan, the latter
being many times as great as the former. Trends in yields
over the past 20 years, in so far as they can be determined by
the data at hand, have also been markedly different from one
rice-growing region to another.

The data briefly introduced in chapter iii (Chart 3, p. 61)
give, for all 12 of the important rice-producing countries of
Monsoon Asia, a general indication of the different levels of
yields obtained. Even on the basis of averages for whole
countries, the wide range of productivity from one to another
is clearly suggested. Average yields in Japan run about four
times as large as those in Indo-China. In China (also a
nation practicing intensive agriculturc) yields are apparently
quite high and are comparable with those obtained by the
Japanese in Chosen and Taiwan. The drop to the average
level of the countries farther south is rather great, British
Malaya produces a little more than 10 quintals of cleaned
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rice per hectare, whereas yields in Java,’ India, Burma,
and Thailand fall a little short of this figure. Yields in the
Philippines are considerably lower but surpass those obtained
in Indo-China. Production statistics for Ceylon are of doubt-
ful accuracy, but there is little question that here the native
rice grower gets a smaller output from his land than in any
other country.”

In chapter ix attention was called to some of the qualifica-
tions that seem desirable in appraising the statistical record
of various countries. These qualifications are more important
in considering trends in yields than in indicating general
levels. We accepted as credible in their general behavior the
official statistics of Burma, Japan, India, Java, and the Philip-
pine Islands (Chart 21, p. 198), but raised a number of ques-
tions regarding the interpretations that should be attached to
the records for other countries.

Within the group of countries for which the statistics
appear to be satisfactory, a definite and consistent upwas
trend in yields over the past 30 years is indicated for Japan;
there appears to be a slow downward trend in the level of
yields in Burma and probably also in India; but in Java and
the Philippines the data are inconclusive. Accident of weather
plays a part in average yields computed for all countries and
may give misleading indications of trend for shorter periods,
but the above generalizations are based upon a 30-year rec.
ord, as presented in Appendix Table 111, and may therefore
be accepted with some confidence.

Of the countries for which the statistical record appears
faulty in certain respects, Indo-China shows a downward trend
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in rice yields per hectare over the past 30 years, and the data
for Thailand suggest a similar tendency over the past two
decades; the Japanese colonies of Chosen and Taiwan show a
consistent upward trend in the yields obtained, and although
the amount of improvement may be exaggerated by lack of
comparability in statistics over the period of three decades,
the increase is probably real; in British Malaya the trend
in yields has changed direction, but has been definitely upward
since 1930-31;" and, finally, the statistics for Ceylon do not
permit of any speculation as to trends.

In Asiatic countries as a group, little progress has been
made during the past few decades in the improvement of
rice yields. The exception is the Japanese Empire, where
government.sponsored_efforts at scientific agriculture have
produced some notable resulis. More recently, during the
past decade, yields appear to have risen in Burma, Indo-China,
Malaya, and Java, but over a longer period there is strong
suggestion of a downward trend in all thres of the major ex-
porting countries and probably also in India.

Outside of Monsoon Asia, in the newer rice-growing re-
gions of Western countries, although production is small, rice
yields tend to be higher and also tend to increase.’ The gen-
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eral level of agricultural practice is lower in Asiatic countries
than in most Western ricc-growing areas, and it is probable
that some exhaustion of the soil is occurring in the older
cultivated lands. Soil fertility apparently may be maintained
at a certain level by the practices commonly followed in
many parts of the Orient, and by the natural recuperative
powers of the land, especially during the dry scason. To raise
this level, however, requires artificial fertilization, and this
practice is generally beyond the limited financial resources of
the Asiatic grower.”® Furthermore, only a small amount of
livestock is available to the Asiatic. In some arcas, the ab-
sence of adequate irrigation facilities or flood-control sys-
tems, and the extension of rice growing onto unproductive
lands, have contributed toward holding yields down to a rela-
tively low level. The practice of double cropping affects
yields. When more than one rice crop is raised during a year,
the yield of the second harvest is usually someswhat smaller
than the first.

Suitable soil, drainage, an adequate amount and distribu-
tion of rainfall, freedom from discases and pests, and so on,
are all natural conditions contributing to good yiclds. Selec-
tion of seed adapted to soil and climate, amount of labor
applied in the preparation of the land and care of the crops,
and the manner in which such labor is applied (i.c., proce-
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dures in transplanting, crop rotation, fertilization) are all
cultural practices having an important influence on rice yields.
The number of crops grown cach year, and the proportion of
the crop that fails for one reason or another, similarly affect
the levels of yield.

The departments of agriculture of most Oriental rice-
growing countries have long given attention to the improve-
ment of varieties and of methods of cultivation, but the task
of educating the native rice growers away from the ancient
practices is as difficult as an attempt to modify customs. The
principal reason for the restricted use of fertilizers in Mon-
soon Asia is undoubtedly economic, but technical reasons are
also involved and must be considered. Some further ap-
praisal of the roles of seed selection, transplantation, and crop
rotation in increasing yields is likewise desirable.

IMPROVED YIELDS THROUGH SEED SELECTION

It has been said that the number of varieties of rice ex-
ceeds the number of varieties of all the other cereals com-
bined. The existence of so large a number of varieties pro-
vides “unlimited material for the breeder, and an opportunity
for improvement in any desired direction by careful selec-
tion.”" The development of high-yielding and otherwise de-
sirable strains from the thousands of varietics of rice found
in the Far East is usually the result of a method employed by
Dotanists known as pure-line selection. This is merely the
scientific outgrowth of the ancient practice of always saving
the best part of the crop for sced. When litle further prog-
ress can be made by selection alone, a process of hybridiza-
tion, or crossertilization of two plants of different strains of
the same or different varietics, is used to further improve the
quality of paddy sced.

1t might be relatively easy to develop varictics that are
heavy-yiclding, and thus to increase rice production in the
field, but there are many other considerations. Any discus-

* Copeland, Rice p. 132.
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sion of varieties raises the question of what criterion should
be adopled in determining desirability — what constitutes
“quality,” what are the objectives of rice breeding, and what,
if any, significant physical and chemical differences exist be-
tween diflerent varieties.""*

‘With most characteristics of a given variety of rice, desira-
bility is relative both to the physical environment and to
prevailing technology. High yield is a desirable charac-
teristic, and different varieties differ greatly in this respect.
But the same variety gives different yields under different
physical conditions. A maturation period suited to local cli-
matic conditions is desirable, but this obviously means that
a variety with a given maturation period is desirable in some
places but undesirable in others. Tightness of grain is of
some significance in harvesting; some varieties shatter more
easily than others. But the extent to which tightness of grain
is desirable depends to a large extent on the methods of
harvesting.

Climatic differences are of considerable importance. Some
Japanese varieties will start growing at temperatures under
which varieties commonly grown in the tropics cannot grow
atall. Varieties grown in California must be resistant to low
night temperatures. However, climatic conditions are by no
means the only factor involved. Even in regions of very simi-
lar, in some cases almost identical, climate the same varieties
will not necessarily grow cqually well. Agricultural officers
in Asiatic countries are now very cautious about recommend-
ing for a given district the adoption of a variety that has given
exceptionally high yields in another district.

To the typical Asiatic rice consumer, flavor seems to be
the strongest basis for preference. Flavor depends upon
many factors, but it is probable that the taste preferences of
particular groups are related to the varieties of rice that are
adaptable to local conditions (p. 140). If this should be cor-
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rect, it is conceivable that preferences of consumers may
change as the work of discovering and introducing improved
varieties of rice progresses.

1 ieultural d

n and i stations
throughout the Orient, the work of selection and breeding has
been going on for many years.* But even after varieties have
been perfected for different soils, climates, and uses in con-
sumption, the further task of education remains before the
average grower can be induced to change his customary meth-
ods. The distribution of free seed is often difficult owing to
the farmer’s ignorance of correct cultural practices or his
reluctance to assume the risk of trying something “new” until
results have been clearly demonstrated by field tests in his
neighborhood. Selection and seed-testing farms are common
in India, Ceylon, Java, Malaya, Indo-China, and Japan.

When governments launch agricultural programs that in-
volve something more than mere recommendations to the
grower, progress can be more rapid. The Japanese program
of rice development in Chosen and Taiwan was far more than
an educational campaign to acquaint the farmer with the
merits of using certain varieties of paddy seed. In 1935 more
than 65 per cent of the first rice crop produced in Taiwan
was of Horai varietics, the trade name applied to varieties
acclimatized to Taiwan; and in Chosen it is estimated that
over 70 per cent of the area sown to rice consists of improved
varieties.” In instances where the government’s recommenda-
tions were not enough, this result was achieved by coercion."*
In both Chosen and Taiwan discriminatory forms of taxation
have been instrumental in forcing farmers to grow the varie-
ties desired by the government authorities. In contrast with
developments in the Japancsc Empire, yiclds in India have
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been stationary or slowly declining for many years. There
has been no lack of a government effort to raise the paddy
output above the low level of the past few decades, but either
the task has been too diflicult or the effort has not been effec-
tively organized. At a meeting of the Rice Committee of the
Tmperial Council of Agricultural Research late in 1939, jt
was stated: “Despite the fact that the Council has been
financing rice research for the last ten years and new and bet-
ter yielding varicties have been evolved, the total area [in
India] under improved rice represents only six percent of the
total area under this crop.”

Indo-China is another example of a country where efforts
have been made since the first World War to improve the rice
output per land unit without noticeable success. Every gover-
nor-general since that time has attempted to improve, as well
as increase, the colony’s rice crop. In the construction of flood-
control and irrigation projects and in the extension of the area
devoted to rice, considerable progress has been made, espe-
cially in Cochin China.”® But developments in seed selection
and fertilization seem to have lagged behind. The failure to
achieve greater progress in yields has probably been due to
administrative deficiencies. A central rice station, created at
Cantho in 1927, distributes each year an average of cight
tons of sced. An Ofce du Riz was opened in 1930, yel to
date there is little statistical evidence of much improvement
in paddy output in relation to the area under rice.

Every government is confronted with a difficult problem
when it attempts 1o modily ancient practices of native rice
growers. Non-Oriental administrations cspecially encounter
obstacles. Perhups the French are less effective colonial ad-
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World, Fob. 2, 1010, p. 3.

 Deapite s wich remninn to bo done in educatin tho fgnorant pesunt
e maitcnance of cansi, ditcho, i otber orks st oy o fo o
o comals rack i the dry scasan and aro softened by tha rains 20 that
"y seetuke,or tho walle aro destroped Ly slipping. Aftr & seres of
tho peasant bocomen carless in upkeep, as irgation

.




POTENTIALITIES FOR RICE EXPANSION: YIELDS 239

‘ministrators than the British or Dutch. One writer observes:
“To Westerners, crop failures from flood are laid to a natural
force. To the Indochinese, they are due to the failures of the
emperor and his court to obey the dictates from heaven.”""
This suggests the difficulties of a colonial administration in
which very little responsible government is exercised by the
native peoples.

In British Malaya agricultural officials have encountered
considerable difficulty in securing the co-operation of Malay
paddy growers in experimental work. The Malay is alleged to
be a lazy fellow who looks with suspicion upon any activities
that might result in changing cultural practices in the direction
of more manual work, longer hours, or an extended season of
farm labor. Although the water buffalo is a useful work ani-
mal in connection with paddy culture, the introduction of
more catlle is resisted. The possession of such an animal
usually means that the Malay hushand is required to work;
without one, his wife and family are able to perform most of
the necessary labor.®

It is not our purpose to review the work of variety and
seed sclection that has bheen going on for many years* The
imporlant points to bear in mind are that, with few exceptions,
yields have not been greatly improved during recent decades,
and that the potentialities would seem to be much greater than
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the results thus far achieved. The knowledge exists, strains
have been developed, and in many countries it is principally a
matter of introducing varieties best suited to local conditions.
Opportunities for improving yields through better seed selec-
tion appear very substantial throughout all of the rice-growing
portions of southeastern Asia. In the Philippines, for ex-
ample, it is estimated that rice production could be increased
10 per cent merely by replacing low-yielding varieties of rice
in certain provinces with superior seeds.® One of the reasons
for the large proportion of “brokens” in the finished product
turned out by the major rice exporters is the lack of uniform-
ity in the quality of paddy. Even if the seed used were not
superior but selected only for uniformity, important advan-
tages would accrue in milling.

When growers more generally follow the practices recom-
mended by scientists, one may reasonably expect results to
be shown in the yield statistics.” The potentialities are real,
whatever the prospects for early improvement. Variety and
seed selection, however, is only one phase of the problem—
one factor among many aflecting the quality and volume of
paddy output from given plots of land.

TRANSPLANTING PRACTICES AND YIELDS

Over the greater part of Monsoon Asia where rice is grown,
the seeds, after being soaked and sprouted, are sown in spe-
cially prepared seedbeds or nurserics, where the plants are
allowed to grow for periods ranging from four to eight weeks,
probably most often for six weeks. They are then transplanted
by hand from the scedbed to the paddy field. Both teclmical
and economic considerations explain the prevalence of this
o, Pk Dep. Ase. ad Comen The Rie Indusy in the Phiipies 1559,
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practice in Oriental countries, and the influence upon yields
appears to be both direet and indirect. Generally, but not
always, the physical yield per unit of area is greater when
the practice of lanting is followed, but transplanti
also permits more flexibility in the timing of cultural opera.
tions and & better distribution of labor. Unquestionably, trans.
planting is a practice that has been found to be profitable over
a very long period of time, under conditions prevailing in
Monsoon Asia.
Thus, Grant™ says of Burma:

‘The results of experiments carried out by the Agricultural Depart-
ment show that on the most common types of soils where the water can be
fairly well regulated at the beginning of the season the transplanted crop
will give a yield of about 300 lbs. to the acre more than is obtained from
broadcast sowing at the rate of 50 Ibs. 1o the acre which is the optimum
rate. In Arekan the results showed that there was lttle or no difference
in yield between transplanting and broadcast sowing. However, the
practice of transplanting has the advantage of enabling the cultivator to

‘Transplanting appears to be the more reliable method over a number of
years, particularly in low-lying arcas where the crop in the carly part of
the season s liable to be damaged by floods, and on areas where the carly
rains are sometimes scanty or badly distributed.

In some parts of Japan rice has been sown directly on the
paddy field as thickly as is customary with transplanted rice,
and the yields have been approximately the same, Further.
more, although there is no transplanting in California, yields
there compare favorably with those obtained in parts of the
Orient (other than Japan) where yields are fairly high. Hence
the practices correlated with transplanting must be important
in explaining its prevalence in many regions.

One of the most definitely established advantages of trans-
planting is the control afforded over weeds, the extra labor
cost involved being largely offset by savings in weeding.™
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Not only are weeds inherently belter controlled in water than
on dry land, but transplanting makes casier such weeding as
is necessary. While the seedlings are growing in the nursery,
the paddy field may be cultivated and cleared of weeds; and
after transplanting the regular spacing of plants makes weed-
ing during the growing period an easir task.

Transplanting also permits the plants to be more evenly
spaced than they would be from broadcast sowing. There
appears to be some experimental evidence of an optimum
spacing, but the optimum varies with a number of environ.
mental factors. Differences in spacing tend to be offset to
some extent by differences in tillering, the amount of which is
partially adjusted to the space available. Similar yields may
be obtained from stands of different densities.

In regions where soil and market conditions are suitable
and the supply of land is small in relation to the supplics of
the other factors of production, transplantation has the advan.
tage of leaving the fields free for other crops during the month
o six weeks in which the seedlings grow in the nursery. This
period may be essential to the maturing of a crop sown carlier.

Thus, on about 30 per cent of the rice land of Japan; bar-
ley, naked barley, and wheat are also grown. While the rice
seedlings are growing in the nurseries from about the end of
April until about the middle to the end of June, the other crops
continue to grow on the land to which the rice is subsequently
transplanted, until they are ready for harvesting about the
end of May and the beginning of June, Without transplanting
the rice seedlings, it would be impossible to bring the cereals
grown on these lands to maturity, the month of May being
essential to the ripening of the crops,

In China, similarly, the “planting of rice in seed heds while
winter crops are still growing, and later transplanting the rice
seedlings after the harvest of the winter crop, is the chief fac-

| form of culture “would wil b Tows if, ol otker cons re-
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tor making double cropping possible in the norther part of
the Rice Region.” Thus, transplanting is a practice some-
times explicable in terms of the whole agricultural system of
a region.

Transplanting makes possible better labor distribution.
Perhaps even more important, it gives the farmer in many
regions greater leeway in planting; if for any resson the
weather is unfavorable, he can postpone planting by waiting
until the scedlings are larger. Probably one of the reasons
for transplanting is to get a uniform stand. If the seed is
planted directly in the paddy, some of it tends to be smoth-
ered in the mud, for the rice plant requires oxygen to germi-
nate. One reason why farmers in California are sowing with
airplanes is that they are able to drop the seed on the flooded
field, and it is not so likely to be smothered in the mud.

Transplanting requires a large supply of labor. In places
where the supply is scarce in relation to the supplies of the
other factors, transplanting is not likely to be profitable even
if it could be definitely shown that considerably increased
yields would result. It is hardly conceivable that the practice
will ever be adopted in the United States or Australia. But
in places where agricultural incomes and wages are rela-
tively low, the practice is likely to continue indefinitely, be-
cause of the advantages in land utilization, weed control, and
soil cultivation.

Although transplanting is the typical practice in the rice-
growing arcas of Monsoon Asia, broadcast sowing is found in
certain districts—sometimes owing to a local scarcity of labor,
and sometimes partly because of the nature of the soil or the
absence of sufficient water. However, since the proportion of
the total Asiatic paddy crop that is sown broadcast is not
known, there is practically no basis for estimating the rice-
yield potentialities of an extension of the practice of trans-
planting. It is reasonable to assume that transplas is now
the custom in Monsoon Asia wherever circumstances permit

W Buck, Land Unlzaion in Chin, p. 216.
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it, and that in regions where the practice is not common, eco-
nomic rather than physical limitations operate against it.

On lands where at present only one rice crop and no other
crop is grown each year, some of the chief potential advan-
tages of transplantation cannot be realized. Future changes
that may involve an extension of the practice are unprediot-
able. Some potentialities for bettering rice yields by this
method undoubtedly exist, but their magnitude remains un-
known.

SYSTEMS OF CROPPING AND ROTATION

In Monsoon Asia generally the land available for growing
food crops is used as intensively as circumstances permit,
Double cropping is common in many places (chapter iii, pp.
43-47), and multiple cropping is prevalent, especially in the
Sino-Japanese portion of the rice belt, Unless some provision
is made for maintaining fertility, such constant and intensive
use of the land must inevitably exhaust the soil, and soil ex-
haustion must eventually be reflected in rice yields. Soil fer-
tility may be maintained through fertilization (discussed be-
low, pp. 251-62) and by a planned system of crop rotation
in which the plant foods taken from the soil by one crop are
restored later by an alternating crop.

Although growing more than one rice crop on the same
land within a single year, or growing rice and some other
cereal such as wheat or barley as a winter crop, or growing
rice, some other cereal, a legume, or a truck crop is a rota-
tion of crops, it is not a system of crop rotation in the Occi-
dental sense. It would be less misleading 1o refer to such
rotations within a single year as an alternation of crops, or
double, or multiple cropping. Most frequently the chief pur-
pose of these successive plantings is to make maximum use
of the land, rather than to restore or increase soil fentility.

rop-rotation systems in the Occident may be designed to
balance the labor load and to maintain or improve soil fer-
tility, but always aim to sccure the maximum return consistent
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with such objectives. The requirements of different crops and
the amount of plant foods absorbed vary widely, but with
some knowledge of these differences it is possible to grow a
series of crops in different years on the same land without
exhausting the soil. The roof systems of plants require differ-
ent depths of soil for establishing themselves; advantage may
be taken of this in utilizing different layers of the soil in the
planting succession. In some cases the usefulness of a rotation
system in checking the ravages of plant diseases and insects,
or the growth of noxious weeds, may be as important as the
‘maintenance of soil fertility. With irrigated-rice culture, how-
ever, these latter considerations do not seem to be dominant.

Compared with temperate regions of the Westem world,
tropical and subtropical countries in general have been slow
to work out genuine systems of crop rotation, although the
advantages to be derived are many, and the beneficial effects
on yields have been amply demonstrated. There are a number
of reasons for the relative scarcity of well-established crop-
rotation systems in Monsoon Asia. This is not to say that
rotations are not common in numerous localities, The rota-
tions that are found in Monsoon Asia are, in fact, many and
varied, but the number and importance of those that are based
upon considerations of scientific maintenance of soil fertility
are impossible to estimate.

Data are notably lacking upon the variations in rotation
practices from one part of a country to another. The most
comprehensive information at hand upon cropping systems
comes, surprisingly enough, from China, Buck's® investiga-
tion reveals information on the cropping practices found in
all of the main agricultural regions of the country (Map 2,
p. 32), but there are 547 “most common ones.” Even when
such data are available, it is obviously impossible to general-
ize in the absence of any measure of the frequency of the
various systems or the area and production affected.

= Land Uriization in China: Statistics, pp. 255493 and Land Urlication in China,
b 20,
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Considering Monsoon Asia as a whole, it secms that in re-
gions where any crop rotation at all is practiced, food crops
are more commonly rotated with rice than are nonfood craps,
and cereals are more commonly planted after rice than are
legumes. Furthermore, fallowing as a means of restoring
vitality to the land is far less common than in Western coun-
tries. Pressure to utilize the land to its fullest for food produc-
tion is such that in the densely populated older parts of Mon-
soon Asia the amount of land that lies fallow from choice is
practically nil. A certain proportion of the available acreage
is unused during the winter, but usually because climatic con-
ditions do not favor the growing of subsidiary crops. Finally,
although such rotations as are reported may encompass a
period of as much as half a dozen successive years, factors
other than soil and climatic conditions are probably decisive
in determining the crops that the farmer actually plants.

In Japan the chief cereal crops planted on paddies and
subsidiary to rice are naked barley, common barley, and
wheat. These are planted following rice, year after year with-
out rest for the land. In some parts of the country one or more
rapidly growing truck crops (e.g., radishes, cggplants, mel-
ons) may be produced in addition to a winter grain crop. No
true system of crop rotation is generally employed, and soil
fertility is maintained by the extensive use of fertilizers. In
localities where climatic conditions are unsuited to winter

grain, a green-manure crop may be planted on the paddies
(scc belov, p. 255).

Parts of China present the same general situation as
Japan®® In the Yangtze rice-wheat arca, wheat or barley are
commonly planted after rice, and also green heans and field
peas. Rapesced, tobacco, broad beans, soybeans, sesame,
and sweet potatoes are other crops found in rotation with
rice here and in arcas to the south and west. In addition to

of
ppsrently
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tobacco, some nonfood crops such as opium, flax, and cotton,
and various fodder crops are also rotated with rice in China.
The variety of crops grown is large, the combinations are
numerous, the cycle of years covered is most commonly from
two to six, and rotations involving a fall crop planted after a
summer crop in addition to a summer crop planted after a
winter or spring crop appear most often in the southern part
of China, in the double-cropping rice area (Map 2, p. 32).

In Chosen the winter cereal crop is ordinarily barley,
wheat, or naked barley, as in Japan. Legumes are often
planted for green manure on paddies located where climate
and soil are unfavorable to other grains. Multiple cropping
with vegetables is also common near the cities, but where
the land is used so intensively certain vegetables are not al-
Jowed to mature but are used as green manure. Chosen may
be included with Japan and China as countries with sufficiently
similar natural conditions and intensity of land use that the
problem of maintaining or improving rice yields becomes
more a matter of fertilization than of scientific crop rotation.

The crops that are grown in any given locality are deter-
mined very largely by the suitability of the land, the character
of the climate, the yields obtainable, the maturation period,
and the availability of markets. Crops that might be grown
may be more numerous or different, but the farmer’s choice
is influenced by the consumption requirements of his own
houschold and by the necessity for some cash income. Be-
cause of this need for cash, prevailing market prices may
well become the basis for selection of crops to be grown in
addition to rice, especially in parts of the Sino-Japanese rice
belt where natural conditions are favorable to the cultivation
of a varicty of crops.*" Only if cverything else is equal may
consideration be given to long-term profitability of the crop-
ping system accruing {rom the proper maintenance of soil
fertility.

7 Tho mou mportent cash cropa fn Cl o coton,

Chine i, peanute, rapeseed,
“whout, geeen beans, kaollang, ikl pess, and sweel potatoce, ll of ‘which
Into crop rotations.
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In other parts of Monsoon Asia where the use of fertilizers
is far less common, where conditions are often less favorable
Sor double or multiple cropping, and where rice yields aver-
age considerably lower, it would seem that planned systems
of crop rotation would be of greatest importance. In India
there appears to be far less diversity in cropping practices
than in China. Various beans, pulses, and tubers are rotated
with rice in both the rice and millet areas of India (Map 3,
p. 34). In parts of the United Provinces, Bihar, and Bengal,
rice matures in 60 days so that there is room for a multiplicity
of crops. In these areas legumes, grown in both winter and
summer, are common in crop rotations—apparently more so
than in China or Japan, where the value of legumes for re-
storing the soil has also heen recognized for centuries, but
where cultivation of more important food crops, using ferti-
lizer, is chosen instead. Wheat, gram, hemp, oilseeds, and
jute are found in various rotations in India, but we are not in
a position to judge the representativeness of particular combi-
nations. One gains the impression that definitely established
crop-rotation systems are rare, that examples cited as typical
of a certain region in a certain province of India are by no
means representative, and that scientific application of meth-
ods for maintaining the productive powers of the land has not
proceeded far.

In other parts of Monsoon Asia, especially the southeast-
ern portion where rice is grown continuously on the same land
without any restoration of the plant food removed, the soil
tends to become so depleted that yields reach a minimum.
Much of the paddy land of Burma, Thailand, Indo-China,
and British Malaya has lost its oviginal fextility. Little or no
manure or fertilizer is applied 1o the paddy crop in thesc
countries, and no system of crop rotation is practiced on an
important scale.* For many years, silt deposits from flooded
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rivers and some fallowing have constituted the chief means
of renewing the soil. The period of winter fallow following
the rice harvest is regarded as essential 1o maintenance of land
productivity when o fertilizer is used.

Rotations of the type found in parts of India and China are
not feasible in all rice-growing countries of the Orient, espe-
cially in most parts of the Indo-Chinese Peninsula and the
Philippine Islands. In the Philippines, the pronounced wet
and dry seasons and the absence of adequate irrigation facili-
ties preclude the growing of many nitrogenous crops that
might be plowed under in order to replenish the soil* In
Burma also, although investigations have been made, it has
not yet been found possible to raise a green-manure crop;
the soil dries out too rapidly after the monsoon, and at the
beginning of the monsoon is submerged so quickly that the
only plants that can be raised at that time are semiaquatic
grasses.® In these countries a relatively higher proportion of
the rice fields are in fallow during part of the year so that
some gains are forthcoming without special planning or care.
But even whenever and wherever the rotation of crops on
paddy lands is feasible, the practice is often not popular, as
s the case in Ceylon."

In Java, however, not only double and multiple cropping
of the land are found, as in the Sino-Japanese portion of the
vice belt and in parts of India, but systems of crop rotation
seem to be more highly developed than in most tropical coun-
\ries, Part of the explanation for the greater prevalence of
e e e A Ay g e

| and K. 0. Moc, The Rice Indusiry: A Handbook for the Producer
oy D1, 19209, . 8. For tho same remons, multiple cropping and &

i
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), Tn Jupan, w
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Grant, op. cit, p. 2
W11, A, Pierls, *Tho Cultiation of Vegetabies as a Rotational Crop in Paddy Lund
o the Kanly and Matalo Disrictn” Tropical Agriculturist, The Agriculural Journal of
Ceylon, January 1940, XCIV, 21

{hetn Chinn, northern Tndo-China, and Javs, multiple cropping
"o hese arcas (see pp. 43-47).
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such systems is probably the advanced state of cultural prac-
tices developed in connection with plantation agriculture, and
art of the explanation seems to lie in the system of land
tenure found in Java (p. 169 n.). Natural conditions are fa-
vorable to the growing of many crops, irrigation systems are
well developed, the soil is suitable for dry crops as well as
irrigated rice, and on much land rice is rotated with crops
like maize, soybeans, and groundnuts. In the sugar-producing
areas, government provisions of tenure force a rotation in
which sugar is grown on rice land for one year in three or
four, rice three times in two years if ample irrigation is pro-
vided; ofher crops in the rotation scheme may be maize,
cassava, soybeans, sweet potatoes, and groundnuts.”
‘Although average yields of rice per land unit for Java asa
whole are not especially high (Chart 3, p. 61), it must be
borne in mind that the upland or nonirrigated rice areas are
a larger proportion of the total area under rice (a little over
10 per cent) than in most countries and that the low yields of
the upland crop bring down the averages. Without the crop
rotations found in Java, yields of the irrigated portion of the
crop would probably be Jittle higher than those prevailing in
the export countries of the Indo-Chinese Peninsula, for the
use of fertilizer in Java is not common and, despite note-
worthy success in scientific improvement of varietics of pla
tion crops, very little has been done in this direction for rice.
For Monsoon Asia as a whole, it may be said that consider-
able potentialitics are present for the improvement of rice
yields through scientific rotation with other crops. Such physi-
cal potentialities cannot be appraised at all precisely, and
there is little point in attempting to be specific, for their
realization depends upon too many economic factors, the
consideration of which at this time would lead to an evalua-
tion of prospects rather than of potentialities. The extension

5 Lord, “The Tmprovement of Rico Cultivation in Malaya, Tndo.China snd Jama"
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of double cropping in many parts of Monsoon Asia with
suitable_climatic conditions depends upon. proper drsinage
and irrigation, and in some places upon a more adequate
supply of labor and work animals. Similarly, the establish-
ment of systems of crop rotation over a period of years
depends not only upon these same factors but upon the pres-
ence of markets whether local or foreign.

Tn other words, physical conditions alone do not prevent
more rotations and ensuing higher yields in many parts of
the Asiatic rice belt. Other factors of production are either
absent or not found in proper distribution. Rice is a crop
which seemingly does not exhaust the soil completely, al-
though continuous cropping for many years reduces unit
yields to a very low level. The protection against loss of soil
fertlity is to be found in suitable crop rotations or fertiliza-
tion. Tn the Sino-Japanese portion of the rice belt, intensive
56 of the land for many crops without great soil depletion is
due to a generous use of manures and fertlizers. Elsewhere
in Monsoon Asin, but particularly in the newer rice regions
of the Indo-Chinese Peninsula, the growing of many crops is
Tess commeon, rice is generally the sole crop cultivated on rice
felds, fertilizers are not generally employed, and yiclds have
declined to a very low and apparently stable level. In such
places the potentialities for improvement through crop-rota-
tion systems are greatest. But in the same places fertilization
would also accomplish the purpose of maintaining and in-
creasing the producliveness of the land.

USE OF FERTILIZER IN MONSOON ASIA

The cxtent to which fertilizers are used on rice fields varies
considerably in different parts of castern and southeastern
xa. Over exiensive regions scarcely any fortilier is applicd,
and only the plowing in of the stubble and of the weeds that
grow while the lund is fallow contribute to the restoration of
8 soil. On the other hand, in Japan lorge quantities of

o mereial fertlizers and of “natural” manures are regularly
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applied to the soil.* In other arcas fertilizers are used here
and there in varying degrees.

Japan has an important and increasing business in the
production of commercial fertilizers. Until a few years ago
substantial quantities were also imported; there has been a
tendency for the use of soybean cake to decline, and the
importance of Manchurian supplies of this fertilizer is on the
wane.” Ammonium sulphate is proving more economical and
more effective as a nitrogenous fertilizer than soybean cake.
The extensive use of fertilizers is essential to the attainment
of the high yields per hectare that are obtained throughout
Japan, and until the outbreak of hostilities in China and the
reorganization of the Japancse national economy on a war-
time basis, the supply of chemical fertilizers was adequate.
In Chosen, besides compost and green manure, ammonium
sulphate, soybean cake, calcium cyanamide, and calcium
phosphate are used, but not widely as yel, and the preparation
of manure is one of the painstaking jobs of Korean farmers.
In Taiwan, however, the use of fertilizers seems to be as
general as in Japan.

In China “natural” manures have been used in rice culture
for many generations. Night soil, animal excreta, garbage,
and organic material are carefully conserved and applied at
appropriate times. In addition, peanut cake, soybean cake,
and chemical fertilizers have come into use in recent times in
some districts, The 1920-33 survey in China under Buck's"
direction brought to light no significant changes in fertlizing
practice, except this use of commercial fertilizers. About

= The chiel commercial f
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® Land Ullzation in China, p. 265.
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half of the agri land in China is double-cropped; and
in the south, where two or three rice crops are grown during a
single year, farmers are reported to believe that they can ob-
tain higher yields by applying their fertilizer resources to the
rice crop during the summer than by using them on winter
crops, e.g., winter vegetables, wheat, barley, beans, and peas.*®

For the present discussion, the use of manures in Japan
and her colonies, or in China—all regions where paddy yields
are relatively high—is not of as much interest as are fer-
tilizing practices in those areas where productivity is low and
where larger harvesis are necessary if the potentialities for
increasing the aggregate rice supply of Monsoon Asia are to
be realized.

In British Malaya™ there is some use of burned rubbish,
bat guano, cattle manure, and leaves. But catile manure is
scarce, the number of cattle in the country being relatively
small. On the whole, very little fertilization is practiced in
Malaya, and at first sight it might appear surprising that
yields do not decline substantially. In this connection it is
important to note that both in Malaya and also in some other
regions of southeastern Asia the straw of the harvested crop
is left on the ground, and at no time is it usual for the soil
of a paddy field to be exposed dry to the sun. Some of the
nitrogen and potash and a little of the phosphates are thus
rostored to the soil. More are restored by grasses and weeds
accumulating in the fallow period. But the total amounts
veturned in these ways are apparently considerably less than
the amounts taken out of the soil by the crops. It is stated
that instances “are on record of sawahs in Negri Sembilan
which have been under cultivation for 200 years without any.
manure, It is helicved that the practise which prevails of
allowing grass and weeds to spring up in the sawahs between

W, J. Rowster, “Agrlsltor fn China," Forcign Agriculture, October 1939, 11T, 43.
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two crops and turning these under when the land is being
prepared for planting may suffice to maintain fertility,
If corrections could be made which would enzb!e the
effects of short-period variations in weather on annual yields
to be separated from the effects of other factors, it would
probably be found that yiclds per unit of area have re-
‘mained constant over a long period in many regions of south-
eastern Asia where little or no fertilizer is used. Constant
yields have been observed in India and Burma also, but it is
apparent from the comments of writers that a completely
satisfactory explanation of the manner in which soil fertility
is maintained, even at a low level, is yet to be found.
Howard,” for example, raises the question when he says:

. this constant drain of nitrogen is not made up by the import
of manure, we should expect to find a gradual loss of fertility. Neverthe-
Tess this docs not take place cither in Burma or in Bengal, where rice
has been grown on the same land year after year for centuries. Clearly
the soil must obtain fresh supplies of nitrogen from somewhere, otherwise
the crop woud ceage o grow. Tho oly likely sourceis fxation ram he
atmosphers . .- I soom pokable . . . that skl xtion ke

place in the rice fields . . . . while the land i he most
Dmhnble o e o+ the sebmen gt ot e on the e
of the

The author does, however, bring out the importance of
green manure, when he says that “the numerous experiments
which have been carried out in India point to the great value
of organic manure, including green-manure, in increasing
production. These results arc in accordance with experience,
as the benefit of incorporating the weeds into the mud when
the rice fields are puddled is well known to the cultivators.”*
Often even where green-manure crops can be grown it is more
profitable to grow other crops. In regions of Java whero the
water supply is not adequate for double cropping with rice,
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crops like maive, peantts, and long beans are grown during
the dry monsoon, although much of this land could produce
a green-manure crop.

In Japan and China there is some green-manuring during
the winter when rice cannot be grown. In certain areas of both
countries, a legume (Astragalus sinensis) is grown which is
related to the locoweed of the United States.” In parts of Japan
in April and May when this legume is in bloom, the litdle
bright blue patches are a conspicuous feature of the land.
scape. Though the practice of green-manuring exists, it is
not very extensive in either country, probably because it is
more profitable to grow some other winter crop, usually one
of the barleys, wheat, or winter vegetables.

A more recent repott on the results of research in British
Malaya concludes: ““After nine seasons’ experimental work
on the manuring of padi in Malaya, the amount of positive
information gained is small, the amount of negative informa-
tion great.” The report goes on to say:

From the mass of accumulated data one fact is certsin and two gen-
eral conclusions scem justified. The fact is that as yet we have no indica-
tion of the nature of the factor which apparently limits the yield of padi
in this country; the first conclusion reached is that the padi soils of the
western side of the Peninsula are only slightly responsive to manuring,

sion is that excellent response to manuring can be obtained on Kelantan
padi soil, nitrogen, as well as phosphate, having o marked effect.

Much, however, can be dono on the castern padi soils in dotermining
the most sitable and cconomic fertilizer dressings for the diffrent

districts. <

In the absence of more exact knowledge on many matters
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in connection with effect of fextilizers on paddy, any campaign
to increase their use is premature. Soil and other conditions
vary in different districts, and local research of an experi-
mental character is an indispensable preliminary to the suc.
cessful use of fertilizers. However, once the requisite local
information is available there can be little doubt that poten-
tialities for increase of yields will appear.

Whatever the secret of obtaining for generations a constant
yield of paddy on the same land without manuring,* constant
yields under these circumstances are always low yields. If
the experience of more notherly countries is any guide, such
yields could be doubled by changes in the methods of cultiva-
tion, especially the greater use of fertilizers. This view
appears to be strengthened by consideration of the situation
in the great exporting regions of Burma, Thailand, and Indo-
China, where very little fertilizer is at present applied to the
rice fields.

In Burma cattle dung is sometimes applied to the scedbeds.
In Upper Burma it is occasionally applied to the paddy fields
as well. But throughout Burma, and especially in Lower
Burma, there is great waste of the available cattle dung. Ttis
stored badly, and much of its nitrogen content is lost through
Jeaching. Probably not more than one-cighth of the supply
reaches the soil. As Grant® says, “manuring cannot yet be
considered to be a feature of paddy cultivation in this
country.”  Ammonium-phosphate fertilizers and bone meal
have recently been used somewhat, but not as yet to a signifi-
cant extent,

The Agricultural Department of Burma has carried out
important experiments in fertilization, and the results have
clearly demonstrated the practicability of increasing yields
by the application of fertilizers in appropriate proportions.
The clay and clay-loam soils of Burma are fairly well sup-
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plied with potash, so that yields are not improved by adding
potash fertilizers. On the other hand, the soils are deficient
in nitrogen and phosphate, and substantial increases in yields
are obtainable by the application of ammoniacal nitrogen and
phosphate fertilizers. These constituents can only be supplied
in adequate quantities by cattle manure or by chemical
fertilizers. It is said that yields “can be increased by over
50 per cent by applying well conserved dung at the rate of 34
tons to the acre.” In view of the present wastage of cattle
manure, there is clearly considerable scope for its extended
use at little or no increase in money cost.

Chemical fertilizers specially designed for rice soils are
now on the market. There are two types: one contains 20 per
cent of nitrogen and 20 per cent of phosphoric acid, and the
other 13 per cent of mitrogen and 45 per cent of phosphoric
acid. Yields per hectare can be increased between 30 and
100 per cent by their use. To be effective on rice soils, it has
been fairly generally held that nitrogenous fertilizers must be
applied in the form of ammonium salts rather than in the
form of nitrates.”

The experience of Burma has considerable significance for
Thailand.” In Thailand a little buffalo manure or bat guano
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is sometimes applied to the riceland, and rice plants are some-
times dipped in a paste of bat guano before being planted on
the paddy field. The experience of the Thai Bureau of Agri-
cultural Science indicates at present that buffalo manure has
no effect. This may due to the amount of leaching in storage
and to the poor diet of the buffaloes, but in any case the
supplies of buffalo manure that could be made available
would be inadequate for fertilizing more than a small part
of the riceland. Bat guano, fish waste, bone meal, and oil
cake increase yields, but prices are often too high to make
their use profitable. As in Burma, the new fertilizers which
combine ammoniacal nitrogen with phosphate have been the
‘most successful.”

In Indo-China the peasant is usually content to bury the
stubble after harvest and sometimes to keep his cattle on the
paddy fields in the fallow period. In some cases manure
accumulated in the villages is brought out on the rice felds.
There are some low plains in Cochin China, where the soil is
of a peaty nature and has a high nitrogen content, but in
general the soils of Indo-China are poor in assimilable nitro-
gen and in phosphoric acid, and to some extent also in soluble
potash. The use of commercial fertilizers has been limited
almost exclusively to natural phosphates extracted locally.
Failure to combine these with nitrogen and potash fertilizers
has led to disappointing results.* In general, nitrogen and
o snmual rice crop i made good by
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phosphoric acid combined nearly always give improved
yields, and profitable results are often obtained from their
use, but combined applications of nitrogen, phosphates, and
potash appear to be even better.

In the Philippines there is some use of commercial fer-
tilizers and some use of manure. Sufficient experimentation
has been carried on to indicate the general profitability of
applying fertilizers. Some of the Islands’ soils apparently are
not in mgenl need of fertilizers, but the older lands require
restoration.” Best results have been secured from fertilizers
carrying both nitrogen and phosphoric acid. The Philippine
Bureau of Plant Industry recommends green manures or the
planting of secondary crops in rotation with rice when soil
conditions permit, and the gradual taking up of mineral fer-
tilizers. According to Bautista:

Lands with average production of 35 to 40 cavans per hectare need
to be ferlzed at the rate of 1501 200 kilosof smmanium sulpate pec
hectare. Other chemical fsilsry supplying from 30 ta 40 kil of
nitrogen per hectare may omplete fertlizer supplying 30 kilos
of nitrogen, 30 kilos of plmplmm acld ‘and 40 kilos of potash may be
goo 2

The loss of nitrogen and phosphoric acid can be replaced by the use

een manure, which is done by broadeasting legumes such as mongo,
upilnn, and others at the rato of 15 to 25 gantas per hectare; and plow-
ing the erop under while in full bloom or just before the pods are formed.**

Officials of the of Agricul d C

to hold the view that fertilization is not the primary condition
to be fulfilled before the existing low yields in the Islands
can be increased. Rather they stress seed selection, better

Aecrdi 14 ¢ ihe Plppies, Philinines Dpt, . nd
Natural Resources, Dor. uil.
an kllun) "Ci paddy per” bectre remon
phorlo acid, and

o aiopn, 35 Mo of phoghars s, snd T80 Ko o

18

autista, op. it
bid, p. 12,
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plowingand preparation of paddy fields, crop rotation, general
education on good cultural practices, and similar factors.*

Even when cultivators are educated in the use of fertilizers
from an agronomic standpoint, the extent to which fertiliza-
tion will actually be practiced will be determined by the rela-
tive prices of fertilizers and of rice. At least in the case of
commercial fertilizers which are likely to be of chief impor-
tance, the appropriate quantity of fertilizer to use is not a
constant but varies with variations in the spread between the
price of rice and the price of fentilizer. Obviously the mere
fact that the use of fertilizer will increase yields is not in
itself an indication that the cultivator will find it desirable to
use it. Ladell, writing in 1930 of Thailand, points out: “Be-
fore the war the relation between the price of padi and the
price of the artificial fertilizers was such that manuring could
not be undertaken at a profit, but since the war the position has
changed; the price of padi has risen and the cost of the old
‘manures has fallen.””

In periods of depression there is sometimes a tendency for
the price of rice to fall faster than the price of fertilizer. Thus
Yagi,** writing of Japan, says:

The present impoverishment of the farming population is due to the
fact that in times of general depression, the prices of agricultural products
to be marketed and those of the various factors of production constituting
the cost of production do not fall at the sam
diting the recovery of the natural cquilibrivm
forces generally, the State must do avay with all measures designed to

help the artificial increase of the prices of fertiliser by big capitalistic
interests

Japanese farmers succeeded in getting a law passed in 1936
Torbidding fertilizer manufucturers to fix prices without gov-
emment approval, but its regulations were widely evaded.

e apon gencral Iipeeasions secured from discussions with o number of such
offcile in Novermber-December 1930.

DOy cit, p. 6.
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Adter the ““China Incident” further legislation was passed in
1938 (Sulphate of Ammonia Output, Expansion, and Dis.
tribution Control Law), and, since Japan has been on a war
footing, the prices of fertlizers used by farmers, like prices
of most commdities, have been controlled by the government,

Such changes in relative prices of different commodities
cause considerable disturbances in agricultural operations. In
5o far as they reduce the quantity of fertilizer which it is
profitable to use during depressions, their effect tends to
deplete the soil and leave it less fertile in succeeding years.
Moreover, changes in the relations between the prices of
cereals and the prices of fertilizers are not simply cyclical
phenomena: they sometimes show evidence of the existence
of long-period trends. In Burma, Thailand, and probably
elsewhere in southeastern Asia, there has been a long-term
downward trend in the price of fertilizer as compared with
the price of rice. This is associated with the development of
chemical fertilizers; the newer types, combining ammoniacal
nitrogen and phosphate, save mixing, and their use reduces
transport costs. It is a trend in itself favorable for mainte-
nance or increase of rice yields.

It seems clear that the greatest potentialities for improving
rice yields through the more general use of fertilizers are to
be found in the rice-producing countrics of Monsoon Asia
lying to the south of the Sino-Japanese ice belt. Yields per
hectare are notably low in all of these countries, and fertilizers
are neither extensively nor intensively used in rice cultivation.
Ample demonstrations have been given of the beneficial effects
resulting from the correct application of appropriate fer-
izing agents, although the particular practices to be followed
under the wide variety of circumstances in which rice is
cultivated have ot by any means been completely worked
There is no question about the great physical potentialitics
that exist. When experiments with fertilization of rice soils
have heen found to be uneconomic, they nevertheless have not
denied existing potentialities under another sct of economic
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circumstances. Like practically all of the other factors
bearing on rice yields, the use or nonuse of fertilizer is a
practice heavily dependent upon a complex array of develop-
ments that fall under the heading of prospects.

CONCLUSIONS ON YIELD POTENTIALITIES

Of the general methods for expanding the rice output of
Monsoon Asia, that of increasing rice yields per unit of land
cultivated seems to hold great promise. Yields potentially
attainable, assuming that circumstances permitled rice growers
to follow all desirable cultural practices, would enormously
increase the aggregate rice supply, perhaps far more than could
be accomplished by an enlargement of the arca under rice.
Of the several methods by which unit yields may be improved
that were singled out for specific discussion, better seed selec-
tion and more general use of fertilizers would seem to have
the greatest potentialities. Introduction of systems of crop
rotation and the extension and perfection of transplanting
practices hold less promise, partly because they are closely
linked with other features of the general agricultural pattern
of a region that can only be altered appreciably by the
devel of engineeririg works, ications, and

markets.

Except within the Japanese Empire, progress has been
slow in the introduction of superior seed, a most important
factor in yiclds. The breeding of improved, higher-yielding
varietics for special conditions of soil and climate has been
carried on to some extent in practically all of the rice-growing
countries; yet the general adoption by growers of selected
sced has, for understandable rensons, been very slow. Never-
theless, the potentialities would scem quite feasible of altain-
ment under sufficient government sponsorship.

The greater usc of fertilizers offers opportunities for ma-
terially improving yiclds, panticularly in southeastern Asia,
but, laxgely for cconomic reasons, the realization of the
potentialities appears to he more difficult than in the case of
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seed. The production of fertilizers in the future may be so
developed as to make practicable their use in large areas not
at present employing them. Also various factors in rice-
production costs, or the level of rice prices in relation to total
production costs, may be so altered as to make the wider use
of fertilizers economic. And the establishment of suitable
agricultural credit systems with provision for borrowing small
sums might lead to a greater use of fertilizers with consider-
able increase in yields.

Cultural practices can undoubtedly be made more efficient
in all countries, but especially in regions like the Philippine
Islands,” Indo-China, and India. The practice of trans-
planting depends, among other things, upon an assured and
regulated supply of water. Without a further development of
irrigation schemes, transplanting will not be feasible over
large areas in such countries as Ceylon. An adequate water
supply is necessary also for the growing of a multiplicity of
crops; if made available in places where there is now a water
deficiency during the winter months, further justification
would be provided for the extension of transplanting and
crop-rotation practices. Certain parts of southeastern Asia,
furthermore, are not sufficiently populated or near a con-
venient source of seasonal labor, or do not possess a sufficient
supply of work animals, for cultivation to be as thorough and
efficient as it might otherwise be.

The generations have witnessed few important changes in
rice culture in Monsoon Asia. In fact, agriculture generally
has remained essentially conservative, bound to-tradition.
Estate production of crops has been developed in a number of
countries (Java, Malaya, Ceylon, the Philippines), but the

Favorsble natural conditions and political reloions with the Usited States have
ot mude It w necemary for the hilippine Tolands to develap more effcient prodclo
Thin ned toiay: ainco sgrieulture hus

and marketlng
A

ma other tropical or
siton In worli markets. 10 ad when

v of tho Tslands materlalizs, prol
tho past, and dhe Philippines wil be required to undergo some imporiant seorganiatlons
In thelr aurlultural oconomy.
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methods of estate cultivation have been applied to rice only in
a few cases. Even in the Japanese Empire, where the greatest
progress seems to have been made in the development of the
rice product and in rice-production techniques, “agriculture
is described as “not yet capitalized,"—a special feature worth
recording.”* “With the exception of the government-owned
pasturages and upland farms in Hokkaido, motor-driven ma-
chines are scarcely used at all in the cultivation of a Japanese
farm."

Some years ago a firm of Chinese merchants started culti-
vation of rice on a large scale by mechanical means in south-
emn Thailand, and the experiment was apparently successful.
Thirty men were able to till an area of 600 acres of paddy,
whereas by ordinary methods about 300 men are required.*
But in considering the possibilities for British Malaya, a gov-
ernment investigation commission stated: “We consider that
the government should give encouragement to projects of this
description . . . . on the ground of expense, we are unable
to support the proposal for a large scale demonstration
«« « . persons who are interested . . . . would do well to
pay a visit to Southern Siam . . . . and possibly to French
Indo-China, where, we understand, an American firm of
implement makers has also established a demonstration sta-
tion . . . ™ When a government very much concerned with
expanding rice production does not feel that it can afford to
support a large-scale demonstration of mechanized rice grow-

avo & acseuhing eflet fx.u'.lc.m. 't
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ing, it is doubtful that under present conditions many indi-
viduals or firms will go far in venturing their capital.

Development in cultural practices generally would be
reflected in enlarged paddy production. There seem to be
considerable potentialities in this direction even in countries
where rice yields are at present relatively high, and substan-
tially more over extensive areas of southeastern Asia. The
utilization of idle or semi-idle labor in some places, as in
India, and the introduction of machinery in other places where
there is a scarcity of seasonal labor, as in parts of the Indo-
Chinese Peninsula, would permit more thorough cultivation
with resulting beneficial effects on unit yields.

In most areas, however, labor is so abundant and capital
so scarce that mechanization on any large scale is both im-
probable and undesirable. In densely populated regions,
the social problems that would be created by depriving farm
labor of the opportunity to subsist would tend to make con-
ditions worse. Improved rice varieties, better seed, and the
more general use of appropriate fertilizing agents offer
greater promise than mechanization for enlarging the rice
output under existing conditions of production in Monsoon
Asia.





