CHAPTER 1l

GENERAL FEATURES OF LOWLAND-RICE CULTURE

RICE IN LAND UTILIZATION
The dominance of rice in the agriculture of Monsoon Asia

is suggested by the following tabulation, showing for most of

the producing countries the rice acreage as percentage of

total crop-producing area:*

French Indo-China ... ..

Burm .

Inno country is the area in rice (lowland and upland to-
gether) less than a fifth of the crop-producing area, and in
some countries the rice area exceeds four-fifths of the total
acreage under crops.

Within each country, of course, the importance of rice
varies from region to region. In China, for example, 21 per
cent of the total crop-producing area of the country is in rice,
but only 2 per cent in the provinces north of the valley of the
Yangze as against 42 per cent in and south of that valley.
Within this “rice region” the importance of the crop also
varies from province to province, increasing as one moves
cither from north to south or from cast to west. Thus, of the
total crop-producing area of Kiangsu province in the extreme
northeast of the Chinese rice region, only 21 per cent is rice
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acreage; the corresponding figures are 36 per cent for Szech-
wan on the northwest, 41 per cent for Yiinnan on the south-
west, and 86 per cent for Kwangtung which Jies in the ex.
treme southeast, adjacent to Indo-China where rice has about
the same dominance in the crop-producing area.
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Map 2, based mainly on Buck’s investigations, illustrates
the use of land in China. Shaded areas indicate the approxi-
mate location of places where cultivated land exceeds 20 per
cent of the tolal land aren. Cultivated land constitutes a
much larger fraction of total land area north of the Yangtze
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than it does in the south where the terrain is so much more
irregular (Map 1, facing p. 24). Regions wherein specific
crops dominate in land use are indicated by the heavy bound-
ary lines. In the north, the dominant crops or crop combina-
tions are given as spring wheat, or winter wheat and millet, or
winter wheat and kaoliang (a sorghum). Rice appears as one
of the dominant crops only in and south of the Yangtze Valley.
/Similarly in India rice looms much larger in some regions
than in others. If one groups all of the provinces and states
where appreciable densities of rice culture are shown in the
endsheet map, rice covers on the average about 32 per cent
of the cropped area, as compared with 5 per cent in other
parts of the country and 23 per cent in India as a whole. Rice
constitutes on the average about 52 per cent of the cropped
area in those portions of the rice region lying east of a line
drawn north from Cape Comorin on the extreme south, but
only 20 per cent in those portions of the rice region lying
west of this line. Within the eastern part of the rice region,
the proportion of the cropped land in rice rises to 7375 per
cent in Assam, Bengal, and Orissa in the northeast and adja-
cent to Burma. Map 3 (p. 34) shows approximate locations of
regions where different crops dominate in land use. Rice
dominates on the west only in the delta of the Indus, in a
coastal strip of land south of Bombay, and on the extreme
north in Kashmir province. In the south, rice dominates also
on the castern coastal territory around Madras. Elsewhere
west of the 80° meridian, however, wheat is the dominant crop
in the north and in parts of the central area, and the millets
and sorghums are dominant in wide territories elsewhere. A
more detailed map would show small regions where batley
dominates, and others where maize is the leading grain crop.
In the rice region cast of the 80° meridian, the degree of
dominance of rice is lower on the west than on the cast. There
are localitics, especially in Bengal, where rice occupics more
than 80 per cent of the cultivated land.
Java shows similar contrasts. Rice occupics 68 per cent
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of the cropped area in the western part of the island, 45 per
cent in the central part, 28 per cent in the eastern part. Illus-
trations need not be multiplied. In most parts of Monsoon
Asia, if one excludes the western part of India, and China
north of the Yangtze Valley, agricultural operations center
about rice; rice is by far the dominant crop, in the main
occupying one-fifth up to nearly all of the crop-producing
acreage.

Just as the importance of rice acreage in the total crop
area varies from country to country and from region to region,
the importance of the nonrice acreage varies, but inversely.
By countrics, the nonrice acreage is most important in India,
China, and Chosen, where much land devoted to agriculture
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istoo dry (and in China partly too cold) for rice production.
Here the nonrice acreage constitutes 70-80 per cent of the
total crop acreage. In Japan and Java, nonrice areas consti-
tute somewhat more than half the total crop acreage, and in
Taiwan somewhat less; in Burma and the Philippines, about
a third; in Thailand and Indo-China, probably only around
a fifth. Crops other than rice are thus of some importance
everywhere—outstandingly so in what we have called the non-
tice region of Monsoon Asia, and significant even within the
parts of the rice region where rice is by far the dominant cro:

Within the rice region the nonrice crops are both numer-
ous and difficult to classify. Table 3 (p. 36), however, gives
an approximate indication of the uses made of crop land in
major scgments of the rice region. The data exclude the tree
and bush crops, such as tea, coflee, coconuts, rubber, kapok,
quinine, and others (except mulberry, which is included in
the Japancse statistics). Land devoted to these crops does not
loom large in the total arable area.’

The nonrice crops of the rice region are mostly used for
food—grains, pulses, and vegetables among which cassava
and sweet potatoes occupy much of the acreage. Relatively
litlle land is sown to crops used wholly or mostly for fodder,
tothe fiber crops (chiefly cotton, with jute in eastern India)
and tobacco, or to the oilsceds. Since the latter yield much
edible oil, they might reasonably be counted as food crops.

Rice leads in acreage in each of the regions specified in
Table 8. The nonrice crops of greatest relative importance
vary from one region to another. In the northern part of the
tice region of Monsoon Asia—the Japanese Empire and
Clina_in and south of the Yangtze Valley—small grains
(chiefly barley and wheat)® are outstandingly dominant, and
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cither pulses (beans and peas, including soybeans) or millets
and sorghums rank second and third respectively. Either
vegelables (mainly sweet potatocs) or fiber crops dnd tobacco
are next in importance as to acreage occupied, while maize,
oilseeds, and sugar canc are least important.

In the warmer parts of the rice region nearer the Equator,
the relative importance of the various nonrice crops is quite
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different. Rice occupies so much of the crop acreage in north-
eastern India and Burma that no other type of crop is very
important. Among the minor crops, the small grains are far
less commonly cultivated than in the northern part of the rice
bel, the pulses arc considerably less important, and millets
and sorghums, maize, vegetables, and fibers and tobacco
somewhat less important. The oilsceds, on the other hand,
ocoupy an appreciably larger, and sugar cane a slightly
larger, proportion of the total crop acreage.

Less emphasis falls on the small grains in Java than even
in northeastern India, as is true also in less marked degree
of the millets and sorghums and the fibers and tobacco. The
pulses each occupy a smaller fraction of the crop acreage
than in the Sino-Japanese part of the rice belt, but a larger
fraction than in northeastern India and Burma. The opposite
is true in the case of oilseeds. Sugar cane constitutes only a
small proportion of the total crop acreage here as elsewhere.
But maize particularly, and vegelables (notably cassava) in
lesser degree, loom larger in Javanese agriculture than in the
other parts of the rice belt. Maize in Javanese agriculture is
about of the same importance as the small grains in the Sino-
Japanese part of the rice belt; it even becomes the dominant
crop in eastern Juva where rice oczupies less of the crop
acreage.

PADDIES AND IRRIGATION

Paddies are fields leveled and diked, often only with mud
walls, in such a manner that for months water can be held in
them after the fashion of a flat basin. Their major but not
their sole use is to grow lowland rice. In flat country, ditches
thread between them, for the purpose both of bringing water
on and of drainingit off the fields. In rolling country, many
adjacent fields may be flooded and drained by opening or
closing small outlets at the edge of the paddies, depending on
the foree of gravily for the desired flow of water.

In lowland-ricegrowing districts where topography is ir-
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regular, paddies are typically small in size and irregular in
shape. They are arranged along different levels frequently

iving the effect of broad steps rising from the lower land to
the higher. Above and sometimes between these fields may lie
other cultivated areas, not leveled, diked, or flooded, upon
which crops other than rice are grown. These fields comprise
the “upland,” but it is not usual to find upland rice in districts
where water resources are sufficient for supporting the low-
Jand form of culture. Other crops grow typically on upland
areas in prediminantly lowland-rice regions; upland rice
tends to appear in drier or poorer regions. Set down at fairly
frequent intervals in the midst of numerous paddy fields are
small, compact villages where the growers and their families
live.

Paddies located in great river valleys where the land is
Tevel tend to be larger and more uniform in size, with little
suggestion of the terracing effect produced by the arrange-
ment of fields in areas with a more rugged topography. Up-
Tand fields are not interspersed with the paddies, but appear
as the flat land terminates and the hill country begins. Vil-
lages tend to be farther apart, going back and forth to the
fiolds is casier, and vegetative covering is more definitely
spotted around and in the small communities.

Since a paddy must be level to be evenly flooded, the size
of individual fields tends to vary with the slope of the land,
the smaller and narrower paddies being found on the steeper
slopes.' But some very small fields are found on flat land as
well as in regions of more irregular topography. The ex-
planation is usually to be found in the distribution of owner-
ship. The paddies cultivated by a single family, and the up-
land fields as well, may be scattered throughout the growing
district. Under these conditions, the farmer spends much
time and effort in going to and from his tiny fields.

Monsoen Ania has
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The unsystematic method of constructing paddies one after
another over a long period of time has also led to ineficiency
in the location of irrigation ditches, and consequent waste of
labor and water. The governments of some countries have
devised programs for remedying this situation, but very litle
real progress has been made cxcept possibly in Japan.* The
obstacles to redesigning land holdings to conserve labor and
water supply are numerous and not quickly-or easily over-
come.

The average size of farm operated by one family is very
small, especially within the districts of the rice belt of Mon-
soon Asia where paddy fields predominate in the arable area,
Only about 2.7 acres of “farm land” are operated by a farm
family in Japan; only 3.8 acres in Chosen (and within
Chosen, only 2.7 acres in the souther district where much
rice is grown).” In the southeastern pravinces of China where
rice most strongly predominates, “cultivated acreage per fam-
* In Japan, if the andowners of the illage desie, the government enginee
s the whle rigation systcm and the Iyout of the paddion. and rehuild, s iy were,
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ily” averages only about 2.1 acres.' Lava suggests similar
figures for the Hocos region of the Philippines.” In India,
“Keatinge estimates the average holding of riceland in Kon-
kan in the Bombay Presidency as only two or three acres
... 2" Since the above figures are averages of both larger
and smaller farms found within regions concentrating on rice
‘production, the typical farm family operates an even smaller
holding. The average size of farm tends to be somewhat
larger in the newer rice regions (as in Burma, Thailand, and
Indo-China), and probably also in areas where the propor-
tion of arable land devoted to paddy is smaller in relation to
the acreage used for upland crops.

In a sense all paddy fields are “irrigated”; within them
there is manipulation of the level of water in which the rice
grows. Yet by no means all paddies are supplied with water
Drought in by ditches or pumps from points of impoundage
or storage. Many are merely rain-fed and some are flood-fed.
The rain-fed paddies simply catch and hold water as it falls,
the excess being allowed to flow out. The flood-fed paddies
in or near river bolloms reccive and retain water brought to
them by the rise in the level of the river; after the river level
falls, any excess not needed is allowed to flow out,

Many paddy fields, however, are supplied with water in
addition to rainfall or flood by various artificial means. In
hilly country, diversion ditches are built from small streams,
and the paddies fed by gravity. In flat valleys, water is
pumped or lifted from large streams; or lifted from wells;
or caught in open tanks during the season of rains or floads,
and drained by gravity if the tanks are higher than the pad-
dies, or lifted or pumped if the tanks are level with the pad-
dies. Tn some places large storage dams permit water to be
fed to the pddies by gravity through wide canals and smaller
distributing ditches. Near the sca, advantage is sometimes
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taken of high ocean tides to force fresh river water into the
paddies.

The relative importance, respectively, of paddy land and
of upland in the arable acreage of the rice belt of Monsoon
Asia cannot be determined with precision. However, upland
rice probably accounts for harely more than 10 per cent of
the total rice acreage and upland fields are presumably less
commonly double-cropped” than are paddy fields. I this
is true, the importance of paddy fields in the total arable area
would seem to be roughly similar to, or somewhat greater
than, the importance of rice area in total arca under crops.
Our earlier discussion of the importance of rice acreage in
total crop acreage (pp. 31-37) then provides something of
a basis for the conclusion that paddy fields tend to constitute
from two-fifths to over three-fourths of the total arable land
in major subdivisions of the rice belt, with the heavier ratios
of paddy to arable land occurring in northeastern India,
Burma, probably Thailand and Indo-China, extreme south-
eastern China, and western Java. Conversely, arable upland
would be of relatively least importance in these areas. It is
particularly in Burma, Thailand, and Indo-China—relatively
the newest ngncullulnl mgmns of this gronp—lhut one wmlld
expect to find for expansion of l
acreage, and perhaps also in some parts of the Nelherlands
Indies aside from Java.

Similarly, an adequate account cannot be given of the rela-
tive prevalence of “naturally irrigated” and “artificially irri-
gated” paddies. Yel it scems probable that most paddy fields
in the Sino-Japanese part of the rice region of Monsoon Asia
are arlificially irrigated, whereas natural irrigation prevails
elsewhere. Buck states that “in China . . . . rice land .
is almost all irrigated”;™ Hall states that vulunIIy “n]] of
the paddy rice of Jupan Proper is lrngl\lu] 3" but
that “probably 50 per cent of the wet rice arca must depend
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upon rainfall alone” in Chosen and Taiwan.”® In contrast,
Van Valkenburg says of Java: “One-third of the rice acreage
is really technically controlled so far as irrigation is con-
cerned. A minor part of the rest has a kind of casual type of
irrigation, while the greater part depends entirely upon
rain.”* In Java the possibilities for extending irrigation are
apparently becoming fewer and fewer, although in the Outer
Provinces of the Netherlands Indies the opportunities for
bringing new lands under irrigation are considered to be very
promising In Assam, Bengal, and Orissa, provinces of
eastern India which contain over a third of the total Indian
rice area, official statistics indicate that the proportion arti-
ficially irrigated is less than 15 per cent. This is true in
Burma as well, and probably in Thailand and Indo-China.
In general, natural rather than artificial irrigation prevails
where the rice acreage is largest in relation to crop acreage
and paddy area largest in relation to total arable land.
Major irrigation projects involving huge dams and long
and large canals are not important as the sources of irrigation
water in most rice-producing regions,® nor is tide-water irri-
gation. The principal sources of irrigation water are streams,
tanks, and wells, although canal systems built along great
rivers and not involving the construction of expensive dams
are important in some regions, especially China. In impor-
tant river deltas, networks of canals fed by the river not only
render rice growing safer and double cropping possible, but
are a necessary link in the system of communications. The
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relative prevalence of the various sources of irrigation water,
or of the methods of application by gravity or by pumping
or lifting, remains somewhat conjectural.

DOUBLE CROPPING

The practice of double cropping occurs in many parts of
the rice belt. Commonly, this means two harvests from a given
piece of land within a single year. On paddy land, the first or
summer crop is almost invariably rice; the second or winter
crop is sometimes rice, but often some other crop, especially
a small grain, maize, pulse, or vegetables. On upland fields
within the rice belt, practices seem much less easy to infer.
The first or summer crop may perhaps be either upland rice,
or more commonly maize, or millet or sorghum; the winter
crops may perhaps be mostly pulses or vegetables. In regions
close to the Equator and having a fairly even seasonal distri-
bution of rainfall, the distinction between first and second or
summer and winter crops tends to become meaningless.

Double cropping, taking paddy land and upland together,
seems to be most prevalent in the Sino-Japanese part of the
Asiatic rice belt. In Japan Proper, the area under crop ex-
ceeds the arable area by about 20 per cent, implying a con-
siderable amount of double cropping; and the paddy land is
double cropped to the extent of about 38 per cent.’” Double
cropping of paddies is considerably more common in the
southem than in northern regions (Map 4, p. 44), suggesting
that a limitation is imposed by low winter temperatures. For
the Chincse rice belt, Chang gives data indicating that the
total area under crop exceeds the arable area by about 23
per cent;™ but here the excess tends to be larger in the tier
of provinces along the Yangtze Valley than it docs further
south, suggesting some ather influence than temperature. Pre-
sumably the double.cropped paddy acreage, as in Japan,
would exceed the paddy land by a larger fraction than the
total area in crops exceeds the total arable area. In Java also

el o i, . 14185  Chang, op. eit, p. 12
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there s excess of cropped area over arable arca, but litle
suggestion that the excess is as large as in China or Japan.
In northeastern India, total areas sown exceed “areas sovn
only once” by only about 17 per cent, and the figure is only
about 7 per cent in Burma, Thus there can be relatively little
double cropping, either of paddy land or of upland, in
Burma; probably the same is true in Thailand and in Indo-
China, except in the northern and eastern regions.
Conditions of temperature would necessarily limit the pos-
sibilities for double cropping either of paddy land or of up-
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Jand, for cold winters would preclude successful growth of
winter crops. This may constitute the principal explanation
of the relatively small amount of double cropping of pad-
dies in northern Japan, and possibly also in Chosen (sce
Map 4). In sufficiently warm regions, the principal factor
Jimiting double cropping on arable upland would presumably
be lack of winter rainfall, while on paddies the limiting factor
might be either lack of rainfall or lack of irrigation.

Chart 1 (p. 46) shows the average seasonal rainfall distri-
bution at various observation points scattered through the
Asiatic rice belt from northeastern India to Japan. The sta-
tions lying nearest the Equator, in general the warmest, are
those in the first column. All of these points have the typical
monsoon distribution of rainfall—an abundance in the sum-
mer, from May or June to October or November (Qctober or
November to May or June in Java in the Southern Hemi-
sphere), and very little from October or November through
April. The summer rainfall provides adequate moisture either
for rice in the paddics, or for upland crops. But in the rela-
tively dry (and warm) winter, the upland fields receive too
little moisture to bear crops. So also do the paddies unless
they can be irrigated artificially from stored water. This goes
far to explain why double cropping is relatively unimportant
in the regions nearer the Equator. It cannot be practiced on
upland, and, since only a small fraction of the paddies are
artificially irrigated, it cannot be practiced on most of the
paddy land.

The scasonal distribution of rainfall is more favorable to
double cropping in the Sino-Japanese part of the rice belt.
Here the rainfall of November—April, the relatively dry win-
ter season, is considerably heavier than in the rice regions
farther south. Tt is also cooler in the winter, so that less evapo-
ration oceurs. Winter crops can be grown hoth on upland and
on naturally irrigated as well as on artificially irrigated paddy
land. Since the lst type is relatively prevalent (p. 41)—
perhaps largely because there is enough rainfall in the winter
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season lo maintain water supplies in storage—the practice of
dauble cropping is considerably more common in the Sing.
Japanese part of the rice belt, except on the colder peripheries
tothe noxth and in the higher elevations where, in addition,
low temperatures preclude the growth of winter crops.

Other factors tend to limit the extent of double cropping
throughout the Asiatic rice belt. Even where there is sufficient
winler warmth and ample winter moisture from rainfall or
from aificial irrigation, fields cannot be double cropped in-
definitely unless some means are devised for maintenance of
soll fertlity. In places this problem is perhaps solved by
nature through annual deposits of silt brought down by the
sivers. In other places, particularly in China and Japan, grow-
ers commonly apply cither artificial fertlizers, or barnyard
manure, or night soil. But data are not at hand 1o indicate the
extent of the limitations maintenance of soil fertility places
on double cropping of the arable land adequately supplied
with moisture for both summer and winter crops.

LAND UTILIZATION RECONSIDERED

A busis has now been established for offering a better ex-
planation of why the dominance of rice in the cropped area
of the Asiatic rice helt varies so much from region to region,
and why the secondary crops are different in different parts
of the rice belt.

The circumstances most favorable for complete dominance
of rice in the cropped acreage of a region are faitly clear.
They are (a) prevalence of naturally irrigated paddy land in
the total arable acreage, with scanty winter rainfall in a cli-
male characterized by warm winters; or (b) prevalence of
artificially irrigated paddy lind in the total arable acreage in
aclimate warm enough to mature rice as the second crop. Un-
der the first set of circumstances paddy Tand will e used for
tice only; there can be no summer upland crops if all of the
anble area is in paddy: and there can he no winter craps on
Paddy fields so long as they are dry. Under the sccond set of
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circumstances, practically all of the crop acreage must be in
rice if rice is both first and second crop. Such extreme condi-
tions axe found locally, but not over wide areas. As the area
considered increases, the cultivation of upland territory, and
the production of nonrice crops, is bound to appear in
greater or lesser degree.

Five areas may be selected for consideration: (1) north-
eastem India—Assam, Bengal, and Orissa; (2) the Indo-
Chinese Peninsula—Burma, Thailand, and Indo-China; (3)
Java; (4) the Chinese rice belt in and south of the Yangtze
Valley; and (5) Japan Proper. Rice acreage constitutes 73
75 per cent of total crop acreage in northeastern India; 65-85
per cent in the IndoChinese Peninsula; 45 per cent in Java
and Japan; and 42 per cent in southem China.

‘The heavy dominance of rice in both northeastern India
and the Indo-Chinese Peninsula is explained by the preva-
lence of paddy land in the arable acreage, the scarcity of
artificially irrigated paddy, and the relatively dry winter cli-
mate. In one respect, however, these two regions are different.
Prevalence of paddy land in northeastern India means that al-
‘most all of the potential arable land has been occupied and
was flat enough to convert to paddies. The Indo-Chinese area
is demographically a newer territory. There only the rela-
tively accessible arable land has been occupied and converted
to paddy land, although it is likely that considerable acreage
might still be devoted to upland crops. If this should occur,
the dominance of rice in the total cropped area would dimin-
ish. Such a development has already occurred in Java, Japan,
and southern China, Upland territory unsuited to paddy has
been placed under crops to a large extent, diminishing the im-
portance of rice in the crop acreage.”® Artificial irrigation is
more common in these three arens than in northeastern India
and the Indo-Chinese Peninsula, permitting more cultivation
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of winter nonrice crops. These two factors go far to explain
the lesser importance of rice in the planted acreage of Java,
Japan, and southern China,” than in northeastern India and
the Indo-Chinese Peninsula. The prevalence of artificial irri-
gation presumably has relatively larger influence in southern
China and Japan than in Java, the prevalence of upland culti-
vation relatively more influence in Java than in China and
Japan.

As 10 relative importance of crops secondary to rice, the
small grains are conspicuous in China and Japan, while
maize and cassava are conspicuous in Java. In general this
is explained by relative temperatures and relative prevalence
of upland-crop acreage. Maize and cassava thrive as summer
upland crops in Java where upland is more prevalent, and
maize as a winter paddy crop where paddies are artificially
irrigated. The small grains cannot compete successfully with
maize and cassava either as summer upland crops or as winter
paddy crops, being less productive per acre under the prevail-
ing conditions of temperature. In much of southern China
and in Japan, on the other hand, there is relatively less upland
for summer nonrice crops, and on paddy land the small grains
as winter crops are more productive than maize or cassava
which suffer from the relatively low winter temperatures.
Other factors such as preference of populations for the differ-
ent food crops, or familiarity of cultivators with one or an-
other, doubtless help to explain these contrasts in land use.
But relative temperatures and prevalence of upland cultiva-
tion scem to be influences of major importance.

PLANTING, HARVESTING, AND THRESIING

The typieal Asiatic method of growing paddy rice is a dis-
tinctive form of ngrieulture. Practices vary somewhat in dif-
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ferent countries of the Orient and within the same country,™
but the most pronounced differences in methods are between
Asiatic practices and those of the more advanced rice-growing
regions in the West.

In the United States, for example, rice is cultivated in es-
sentially the same manner as wheat, oats, or barley, except
that the crop is irrigated.” Farm machinery is used exten-
sively. In some places, California especially, the production
of rice is highly mechanized. In seeding on dry ground or in
water, horses, tractors, or even airplanes may be used. Har-
vesting is commonly done with a combine which cuts, threshes,
and sacks the rice in one operation.

In contrast, very little machinery is used in Asiatic rice-
producing countries. Tools and implements are generally of
the simplest type. Tractor cultivation has been attempted, but
has not met with much success in the places where it has been
tried. Harvesting and theeshing are usually by hand with the
aid of some simple device.”

Rice growing in the Orient is thus understandably one of
the most labor-intensive types of agriculture known. In the
more densely populated areas, land is not available for grow-
ing both food and feed; hence heasts of burden tend to be
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selatively scarce. In other regions where work animals are
plentiful, their use for plowing is often precluded because the
paddies are so small. Thousands of rice fields, in fact, are so
tiny that the use of machinery would be impracticable even if
it were available. Most of the work in connection with the pro-
duction of rice and its preparation for consumption must be
done by more flexible human beings.

Planting the crop—The bulk of the worlds rice crop is
transplanted by hand from carefully prepared scedbeds, or
nurseries, to the paddy fields. In some regions, however, es-
pecially where labor is scarce, seed is sown broadeast directly
on the field, and this is the general practice in most Westem
rice-growing areas. But transplanting is a practice having a
significant bearing upon the yields oblained in the Orient, and
is generally the preferred method (pp. 240—44) . In the cul-
tural cycle, the seedbeds are the first to be cultivated. As soon
as the soil has been softened by the early rains, they are
plowed and harrowed several or many times, with or without
the assistance of work animals, the amount of time and labor
expended upon the preparation of the scedhed heing about
wice as great as that employed in the preparation of a similar
area for transplanting.

When the soil of the seedbed has been worked up to the
consistency of a fine, soft mud by hocing, plowing, trampling,
or harrowing, and is free from weeds, it is ready for sowing.
Seedbeds are usually small, ahout 4 per cent of the area to he
transplanted, but may extend to about onc-tenth of it. Tn most
areas the seed to he planted is first soaked in water and then
broadeast by hand on the seedbed from which the water has
been drained. Sometimes the sced is allowed to sprout before
sowing in order to obtain a hetter foothold against heavy rains
which may fall soon thereafter. The practice in some regions
is to cover the scedbed with leaves or grass to afford protee-
tion against hirds and other pests. After a few days, or im-
mediately after the sceds have germinated, 1 or 2 inches of
water are reintroduced and allowed to cover the surface of
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the nursery. The water level is gradually raised as the seed-
lings grow, and aftex 25-40 days they are large enough to be
uprooted and transplanted. Uprooted, they are tied together
in small bundles and carried to the paddies. In some areas,
the seedlings are pulled up and planted again in nurseries
before the final transplanting to the paddy field. The plants
are usually from 1 to 2 feet high when uprooted, but their
tops are commonly cut off before replanting in the paddies.
Once the nursery beds are ready, work begins on the prepa-
ration of the paddy fields. The methods used are similar to
those employed in preparing the seedbeds except that culti-
vation is ordinarily not so thorough.** Manures or fertilizers,
in countries where they ate used, are sometimes applied about
ten days before the seedlings are transplanted. In other cases
fertilizer, or additional fertilizer, is added after planting.”
With a few inches of water standing on the field, seedlings
are planted by hand (usually by women) in rows 3-8 inches
apart or in hills with 2-6 seedlings per hill, simply by push-
ing them into the soft mud, using the fingers or a simple plant-
ingtool® Rows or hills are ordinarly 8-12 inches apart, and
planting is usually done with 24 inches of water standing on
the field. Once the tasks of sowing and transplanting are com-
pleted, the crop itself requires little attention until harvest.
The paddy field remains flooded with 4-8 inches of water
from the time the seedlings are 6-10 inches high until it is
ready for draining before the harvest, though in some coun-
tries while the crop is maturing it may be drained at intervals
for weeding, This is common practice in Japan and Chosen
where the paddies may be drained and weeded three or four
times; but in the Philippines and in Thailand it is not common
o e ot ot e o b e
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to weed after transplanting. As the flowers appear and the
ears begin to fill just before harvest, the water is allowed to
drain off the fields.

‘At times flood damage may require a certain amount of
repair work, and rats, birds, various insects and discases may
cause the grower real trouble. One of the most important
tasks during the growing period is the regulation and main-
tenance of the water supply on the ficlds. Water should not
be allowed to stagnate, but should be changed at intervals in
order to insure sufficient aeration of the soil. This is often
impractical, however, for many of the irrigation systems are
dependent upon rainfall, and the individual field may not be
suffciently close to a main irrigation canal.

Harvesting and threshing.—The rice harvest usually be-
gins 3-6 months after transplanting” depending_upon
whether the varieties planted mature early or late. Except
in Japan and China, harvesting is often a group enterprise;
neighbors of the village help each other, with men, women,
and children participating. Outside labor is imported in
some areas especially for the harvest.* Helpers commonly
receive compensation in the form of a certain portion of each
day's harvest, the harvested grain being collected into small
bundles, and distributed at the end of the working day—i
places like Java, before the aiternoon showers begin. In vir-
tually all the rice-growing countries of the East, picturesque
ceremonials accompany both harvesting and planting.

Methods of reaping, threshing, and winnowing arc usually
primitive. Although machinery has been designed and is on
the market for mechanizing these preliminary operations, it
is not yet widely used. Machine harvesters and threshers are

1 varien greatly.

reporied

era i a8 much as 221 duys, while

1 hetween Rowering and maturing
(.39

" The total time hetween germination and mataeity of he rice o
ol rice, according o Copelani (Rice, p. 12), varictien

o the wwerage b
For cxample, In Lawer Durma, some 200,000-3
iy remain ani vark in the mils, and

for the harvest
iy tn the famine




54 RICE ECONOMY OF MONSOON ASIA

seldom employed except on large estates or on experimental
farms operated by governments.

In most countries harvesting is done with hand sickles, and
1 or 2 feet of straw are usually cut off with the cars. In some
parts of southeastern Asia (e.g., the Malay Peninsula, Java,
and the southern Philippine Islands) another common method
of harvesting involves cutting cach ear separately with a
special type of knife.”” In the latter case the straw is not
always utilized but is left on the field to be burned off or
plowed under. Once cut, the ears and attached stalks may
be left on the ground for a few days or as much as a week
for drying; but in Japan, where drying is more difficult, they
are bundled and hung over small bamboo fence-like arrange-
ments surrounding the paddy fields.

Bundles of harvested ears and attached stalks are carted
to the threshing floor, where some further drying ocours be-
fore threshing; or they may be placed in bags for “curing”
for a period from two weeks to three months. Removal of the
straw stalks from the grain s the first stage in the preparation
for consumption, and is generally done locally on the many
thousand threshing floors scattered through the growing re.
gions,

The threshing floor is often a paddy field scraped smooth
and plastered with cattle dung and clay to give it a hard,
smooth surface, or it may be a hard earthen or cement floor
or a compound surrounding the cultivator’s home. In some
areas bullocks, carabaos, or oxen tread out the grain; in
other places humans perform the same operations. In still
other areas the grains are beaten from the cars by flails—
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long sticks (usually bamboo) at the end of which are attached
stout xeeds which swing freely as the operator altemately
raises his pole and then brings it down hard on the threshing.
floor.

The tramped or beaten material js winnowed by alloving
itto fall gently from a platform while the wind carries away
the chafl, dust, short pieces of straw, and the lighter kernels,
Sometimes threshing consists merely of pounding the rice
heads on a log. Such crude processes leave a residue of rough
grain (paddy) containing more or less foreign matter and
dirt. A very large part of the crop, however, is daily con-
verted by these crude methods for immediate use in local
consumption.

THE INDO-CHINESE EXPORT AREA

Burma, Thailand, and Indo-China, all part of the Indo-
Chinese Peninsula, constitute the great rice-surplus region
not only of Monsoon Asia but of the world (Table 2, p. 28).
As compared with India to the west and China to the north,
they are also relatively new countries, not as densely popu-
lated or as fully exploited. The conditions of rice culture in
this region, the most important area of commercial rice pro-
duction in the world, merit some additional consideration.

Most of the rice is grown in the river valleys and deltas
of the Irrawaddy in Burma, the Menam in Thailand, and the
Mekong in Indo-China. A less important rice area lies in
northeastern Indo-China, in the delta of the Red River;" and
there are numerous but small producing areas along the
coasts. These regions are shown in Map 5 (p. 56), together
with the important seaports of the peninsula—Rangoon, Bang-
kok, and Saigon, through which passes the bulk of the rice
entering into international trade. As the map shows, forests
of monsoon type (moderately open rather than dense jungles)
lie adjacent to the rice fields especially of the Irrawaddy,
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Mar 5.—Rice Lanvs Axp Forest Aueas oF THE INpo-Cringss
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Menam, and upper Mekong; much of this forest is teak and
provides the hasis for a substantial lumbering industry. The
rest of the territory is practically all dense tropical fores!,
largely mountainous.

Each of the three countrics is something of a replica of
the others in climate, topography, and land wtilization, a
similarity of conditions with important economic implica-
tions. Rice crops mature and are harvested at about the same
time; hence rice shipments into export channels are highly
concentrated. This nearly simultancous movement is com
monly supposed to result in intensified competition and con-
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sequent pressure on prices, with adverse effects upon returns
to growers and government revenues.” Such importance in
the world economy as rice enjoys from the standpoint of trade
and shipping is derived largely from the surpluses produced
on the Indo-Chinese Peninsula. Rice exports are so important
a source of revenue that fluctuations of prices or yields are of
paramount concern to some 50 million inhabitants.

The whole Indo-Chinese Peninsula is, of course, climati-
cally dominated by the Asiatic monsoons. Various densely
forested mountain ranges extend to the south and southeast
from the high plateau of southern China and Tibet (Map 1,
facing p. 24); upon their windward faces over 80 inches of
rain falls annually. On the opposite sides of these mountain
ranges the rainfall is less, but is generally sufficient for the
rice crops grown on the great river plains. Over the years
in all three countries, the important rivers have been slowly
enlarging the land area by depositing rich silt washed down
from the highlands.

The rivers overflow at least once a year, and either supple-
ment the rains so that little irrigation is necessary for the
summer crop, or destroy a portion of the crop by failure to
flood enough or by flooding too much. As the floods slowly
and gently subside, alluvial deposits of silt are left which
entich the soil and permit rice to be grown continuously year
after year with little fertilization and no rotation of crops.
Flooding of the Red River in northeastern Indo-China, how-
ever, is more violent and constitutes a major hazard with
which the Tonkinese rice growers have to contend.

Over long periods of time wide estuaries have been cre-
ated. The Menam River system of Thailand, for example, has
deposited enough alluvial clay to leave a flat delta plain about
100 miles wide near Bangkok. The Mekong, which rises
near the headwaters of the Yangtze in the distant mountains
of Tibet, is similarly responsible for the actual formation
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of Cochin China and a large part of Cambodia in southern
Indo-China. Here the rainfall is more than 78 inches an-
nually, comes mostly in the summer, and is therefore suffi-
cient for the summer rice crop without irrigation. In Burma
the annual rainfall over the Irrawaddy-Sittang delta is gen-
erally about 80 inches and is more reliable than that in Thai-
land or Indo-China.

Though not as thickly populated as, for example, the rice
region of northeastern India in the delta of the Ganges and
Brahmaputra, the great Burmese river valley is just as pro-
ductive. But relative sparseness of population makes it neces-
sary to import considerable labor from India to care for the
crops, particularly for transplanting and harvesting. The
relatively new character of the rice-growing region along
the Irrawaddy is suggested by the fact that the political center
of Burma, and its densest concentration of population, still
lie in the drier section of central Burma north of the delta.

In Thailand the political center, capital, and rice center
are found together around Bangkok. Central Thailand em-
braces the lower and middle parts of the Menam valley known
as the Great Central Plain where there is less rain and more
frequent drought than in Burma, since much of the monsoon
moisture is lost by precipitation on the western mountains.
Although the average annual rainfall on the central plain is
about 60 inches, only about 40 inches fall during the sum-
mer. The need for supplementary irrigation of the summer
rice crop is great enough to have led the government to con-
struct a_system of canals and controls for the purpose of
impounding water supplies. When the Menam overflows its
banks, there is a great inland extension of the Gulf of Bang-
kok and, although this flooding produces rich silt and more
adequate water, it may nevertheless be either excessive or
inadequate from the point of view of the rice growers.

The hazards of drought and flood in the Menam valley
of Thailand are perhaps greater, but more or less similar to
those in the Irrawaddy and Mekong districts, and are well
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illustrated by Chart 2. Here plowing of the paddies begins
carly in June, after the first monsoon rains of May have
softened soil that lay parched and cracked throughout the
dry winter. Rice is transplanted from the seedbeds to the
paddies in July. The rains usually keep the fields flooded

Cuart 2—RELATION pETWEEN FLoODS AND RicE HAMESTS IN THE
MENAM VALLEY OF THAILAND®
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during this month and August-September (their seasonal
peak). Then, on account of the preceding accumulation of
rainfall, the river begins to flood; more commonly than not,
as Chart 2 shows, it remains at the “desired” level for more
than 50 days. In some years (1919, 1923, 1925) the rain-
fall in August-September may be exceptionally low, and the
flood may not reach the desired level; under such circum-
stances of drought much of the rice acreage may be ruined.
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In other years, of which 1917 seems the best example, the
flood level may considerably exceed the level desired, and
again the acreage destroyed may be large, presumably by
drowning the plants. Exceptionally long duration of the flood
level above the desired minimum, as in 1916, does not seem
to be a major crop hazard unless accompanied by exceptional
depth of vater, though over-long duration might reasonably
be expected to interfere with the harvest. Damage from
drought appears to be a greater hazard in the Menam delta
than damage from excessive water, since the water supply
was excessive in only nine years out of ninety-nine, whereas
river levels were distinctly poor in thirty of these years.

Some parts of the great river deltas of Indo-China neces-
sarily lie so low that the flood waters are too deep to permit
rice culture and such land remains uncultivated.” So does
much of the higher land out of reach of the flood waters and
receiving too little rainfall to mature rice; but this land may
be used to some extent for production of upland crops, and
might be used for rice if adequate irrigation and better con-
trol over malaria were provided. On the whole, however,
very little of the principal rice region receives too little water
for at least one rice crop a year, and in Indo-China floods
probably do more damage than drought.

LEVELS OF YIELD PER HECTARE

The outcome of the growers’ efforts is indicated by the.
yields obtained per unit of land cultivated. Chart 3 gives
average data for all 12 countries of Monsoon Asia including
China. The contrasts are striking. Yields in Japan are much
the highest, those in China and Taiwan are about two-thirds
as high, and those of Chosen a little over half. In India,
Burma, Thailand, and Java and Madura, yiclds average under
40 per cont of the Japancse. Yields in British Malaya are a
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Cuart 3—CompanaTive Levers or Rice Yieros v COUNTRIES oF
Monsoon Asia, AVERAGE 1930-31 1o 1034-35%
(U terms of cleaned rice)
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lile betier, and those in Indo-China considerably lower,
than in the neighboring countries. Yields are poor also in the
Philippines, and lowest of all in Ceylon—Iless than a fourth
of those in Japan.

Yields differ also from region to region within countries.
In India, among the principal rice-producing provinces, the
yield is nearly 80 per cent higher in Madras than in the
United Provinces; in southern China the yield in Hunan
province exceeds that in Kiangsu by nearly 50 per cent; and
in Indo-China the yicld in Tonkin excceds that in Cambodia
by about 45 per cent.

The influences responsible for regional differences in unit
yiclds of any crop are always numerous, complex, and intex-
related. At this point there is little occasion to press beyond
the more obvious reasons for the larger contrasts in levels
of rice yields indicated by the chart.” In general, it can be

* Por furiher disussion of foctors inflsncing yields, see hapir i, pp. 22965,
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<aid that natural conditions favor higher yields in the Sino-
Japanese part of the rice belt than in the southern part, for
flood and drought in particular are greater hazards in the
south. In addition, the paddy area of the northern region is
more largely irrigated by artificial means and the use of
fertilizers is more common, presumably with beneficial effects
upon the level of yield despite a wider prevalence of double
cropping with rice. Moreover, cultivators of the northern
regions, especially in the Japanese Empire, use superior
varieties and seemingly employ better methods of cultivation
in such details as transplanting or weeding. It is not entirely
clear why average yields should be lover in the Philippines,
Indo-China, and Ceylon than in other countries of the south-
ern part of the rice belt. The explanation seems to be a mat-
ter partly of less favorable natural conditions (Ceylon), and
partly also of less intensive cultivation or absence of any
crop rotation, poorer seed, greater damage from diseases and
pests, generally poorer cultural methods, and possibly also
of misleading statistics.





