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West European Nitrogenous Fertilizer Manufacturers have felt, for many years that the
quantity of world food production could be greatly improved by intelligent application
and increased consumption of nitrogen fertilizers, and by these means contribute to a higher
standard of living for the world’s population in general.

In order to further this nitrogen producers in Austria, Belgium, France, Germany, Italy,
the Netherlands, Norway, Switzerland and the United Kingdom founded in April 1953 the
Centre d’Etude de I'Azote in Geneva, with the object of making a scientific and practical
study of the methods which may assure rational and Increasing use of nitrogenous fertilizers
i the world.

The Centre d’Etude de I'Azote endeavours to realize this object by collecting relative data
and issuing publications concerning improved and increased production of human food and
animal feeding stuffs. The book Means of Increasing Rice Production is one of its first
publications. .

This book does not clavm to be a complete handbook for the rice grower, but it stresses
the possibilities of increasing rice production by means of efficient fertilizing withoul neg-
lecting or underestimating the importance of so many other factors that contribute greatly
to larger yields and that often form the basis for maximum fertilizer response.

The subject of this book was chosen, not because the production of rice is more closely
connected with nitrogen than any other crop — as a matter of fact there are many crops
that respond much more to nitrogen fertilizers than rice — but because rice is the principal
food for more than half of the world’s population, and the wellbeing, standard of living, and
prosperity of so many countries are dependant on this commodity.

May Means of Increasing Rice Production fulfil the purpose for which it was written.

»
Geneva, 42 Rue du Rhéne.
June 1954

CENTRE D’ETUDE DE L’'AZOTE

C. BOUDEWI]JN, Chairman
A. LANG, Secretary
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NO COUNTRY in the world can enjoy the
blessings of peace and tranquillity, let alone
the most primitive form of prosperity, as long
as its inhabitants are forced to live in the state
of hunger or under-nourishment prevalent
today in very many Asiatic countries with
rice-eating populations.

In prewar years the world rice production
amounted to a figure of about 150 million
tons of paddy, equivalent to about 100 million
tons of milled rice from a total area of about
85 million hectares {210 million acres).

As by far the greater part of this rice is con-
sumed by the producing countries themselves,
not more than about 8.5 million tons of milled
rice entered world trade., The most important
exporters of rice were:

Avem_ge exports 1934-38

(million %ons of milled rice)

‘Burma 3.07
Thailand 1.39
Indo-China 1.32
Korea 1.16

Talwan (.68

Total main exporting countries 7.62

Western Java. Paddy fields in the plains, forests
on the slopes
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against import requirements for Asiatic coun-

tries of:
Average tmports 1934-38

(million tons of milled rice)

India/Pakistan 2.16
Japan 1.76
Malaya 0.72
China 0.70
Ceylon 0.53
Indonesia 0.28
Philippines 0.04
Others 0.72

Total 6.91

Under pre~war conditions Korea and Formosa

(Taiwan) were parts of the Japanese Empire
and thus forced to meet the Japanese demands
for rice.

The demand for rice in India was met by
Burma, but during the second world war sig-
nificant changes occured in the rice production
pattern, one of the most important being the
considerable decrease in production in the rice
exporting countries, Burma and Indo-China.
This is demonstrated by the following figures:

Rice area itn 1000 hectares
Average 193438 1946—17

Indo-China 5,590 3,950
Burma 4,931 3018

Production of paddy {(rough rice)
(in million tons)
Average 193438 194647

Indo-China 6.50 4,30
Burma 6.97 3.84

According to an official estimate some 25%
of the rice land in Thailand was lying fallow
at the end of the war,

As a result of these instances of decrease in
production, the pre-war rice-exporting coun-
tries had, at the end of the war, hardly any
supplies available for export. This 1s well
illustrated by the following export figures for
1946:

Export in 1946  Prewar average

(in 1000 1ons)

Burma 480 3,070
Indo-China 109 1,320
Thailand 492 1,390
Total 1,081 5,780

Moreover, as Korea had changed from a
surplus to a deficit area, the natural conse-
quence was that in the immediate postwar
period rice became one of the most important
world food commodities in short supply.

Substitute foods, such as wheat, barley and
coarse grains had, therefore, to be imported
to make up this shortage, although rice still is,
and will remain, by far the most popular food
in Eastern countries.

There has recently been a gradual increase
i production and exportable surplus of rice
in the former exporting countries, although,
owing to unsettled political conditions, the
total rice production in and export from
Indo-China and Burma are far below pre-war
level. Moreover, as acreage under rice pro-
duction has expanded considerably mn North

and South America, total world production

has by now even surpassed that attained before
the outbreak of the last war. This increase
of production, however, having been accom-
panied by a much greater rate of mcrease of
population, the world is still, and is likely to
be for many years to come, faced with a rice
shortage because, as 2 result of the excessive
increase in the population of rice-consuming
arcas, the demand steadily increases,



Special efforts should be directed, therefore,
towards increasing world rice stocks by means
of expanding the areas of production and in-
creased yields per unit area, if for no other
recason than that there is no factor more
important for world peace and prosperity
than a sufficiency of rice supplies in Asiatic
countries.

As far as the expansion of rice acreage is
concerned, this could to a large extent be
achieved by the reclamation of cultivable
wasteland in some of the less densely popu-
lated countries of Southeast Asia, such as
Burma, Siam and Indo-China. As mechanised
rice cultivation in those countries is still in
the experimental stage, labour and available
draft animals often limit the desired increase
in area under cultivation.

Many regions in the Western Hemisphere
still provide great possibilities for an expansion
of rice production in areas that are at present
largely wasteland devoted to the limited culti-
vation of other crops or under cattle grazing,
but in which future expansion will depend,
not only on available labour supply, but also
on the relationship between the prices offered
for rice and other products.

Although possibilities thus exist for expand-
ing acreage under rice in certain areas, they
cannot provide the solution of the problem
confronting very many Easterh countries where
these potentialities for expansion do not exist
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and which are not in the financial position to
purchase rice from abroad, apart from other
disadvantages of forcing such countries to
depend on foreign sources of rice supply. Even
more important, therefore, than the expan-
sion of rice acreage will be the problem of
increasing yields in existing rice areas by the
following means:

(1) Extending irrigation facilities and im-
proving the regulation of water supply.

{2) Judicious fertilizing schemes.

(3} Wider use of green manuring.

(4) Improved soil preparation and general
cultural practices, combined with m-
provements in the supply and types of
implements normally used in rice grow-
ing.

(b) Production of higher yielding varieties
of improved quality by plant breeding.

(6) More efficient control of pests, diseases
and weeds,

All these steps towards yield increase must be
supplemented by attention to the conservation
of available supplies through improved storage
conditions, including effective contro} of insects
and rodents, and the highest possible efficiency
in the milling process.

Before discussing in more detail many of the
yield improvement factors already mentioned,
the important characteristics of the different
forms and varieties of rice will be described.
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IN ADDITION to the many wild species of
the genus Oryza there are two cultivated spe-
cies, viz. O. sativa, found in all the rice-
growing areas of the world, and O. glaber-
rima, which is confined in its distribution to
tropical West Africa.

O. sattva comprises a wide range of forms
and the fact that the diversity in this species
is nowhere as great as it is in India might indi-
cate that India and Indo-China should be con-
sidered as the countries of origin of this species.
More or less as a consequence wild rice,
O. sativa var. fatua, whose natural hybrids
with cultivated rice occur in cultivated fields
and are undistinguishable from cultivated
forms until the ears appear, constitutes a great
nuisance in India and more especially in the
states of Madhaya Pradesh, Bombay, Orissa,
Bihar and Punjab. The most promising method
of control consists in introducing to the local
variety a pigment gene, originating from spe-
clally pigmented varieties, so that hybrids with
wild rice can casily be identified by this an-
thocyanin-factor in the early stages and re-
moved by weeding.

0. sativa can be further sub-divided into two
geographical races, O. sativa var. japonica,

cultivated in Japan, Korea, China and other
rice-growing areas in the subtropics and
0. sativa var. mdica, cultivated in India and
the rice belt of the tropical Asian countries.
Japonica rices are characterized by high
yields, good response to intensive manuring,
short non-lodging straw, a round coarse or hold
type of grain and higher percentage of rice to
unhulled grain, whereas the Indica rices, with
a longer type of grain, are generally much
lower in yield and camnot stand such heavy
manuring because of a relatively stronger
vegetative growth, but are hardier and more
resistant to unfavourable conditions.
Japonica varieties are definitely less suitable
than Indica varieties for the Indica zone of
cultivation and vice versa, but Japonica rice
may be crossed with Indica varieties to in-
crease the yields of the Indica zone. This
hybridization work has been undertaken on a
large scale at the well-known Cuttack Rice
Research Institute under the auspices of the
International Rice Hybridization Project.

0. sattva exhibits striking variability also in
the following respects:

(a) Early maturing varieties with a growing




period of less than 80 days as compared with
late maturing varieties with a vegetation peri-
od of as many as 200 days.

(b) Varieties adapted to salty water inun-
dation as compared with others that require
fresh water.

(¢) Deep water or floating rice that has the
capacity to grow as much as a foot a day if

- flood waters rise at that rate, up to a height

of 15 feet or more. When the water level falls,
the plant stalks trail along the soil surface and
eventually become embedded in the mud.
From each node of the elongated, tender stem
a secondary stalk sprouts and the new stand
grows and matures on the moisture and nutri-
ents in the mud obtained from the receding
flood.

(d) Upland rice, dependent on rain and
growing like other cereals without irrigation,
as compared with lowland or wet rice, grown
under irrigation or sometimes in natural
swamps where there is standing water during
the growing season. _

(e} Varieties which are time limited in
growth, signifying those which take approxi-
mately the same period to mature irrespective
of when they are sown or transplanted, as
compared with those which are season limited,
coming to maturity at a particular season of
the year, irrespective of the-time of the year
at which they were sown or transplanted, by
extending or reducing their life periods. Most
of the short-lived varieties of rice which take
less than 120 days to mature belong to the
time limited class. * ‘

(f) Common wvaricties, comprising those
whose kernels remain well separated after
cooking as compared with the far less im-
portant glutinous varieties, which produce a
gluey, sticky mass when boiled and are used
for spectal foods, such as pastries and con-
fections.
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Varieties which are well adapted to growing
in salty concentrations may be very useful in
coastal areas containing brackish water, where,
as in Egypt, they are used in the reclamation
of salty soil along the coast by leaching out
the salt with the large quantities of fresh water
required for rice growing. When sufficient
salt has been removed, the soil is sown with
bersim (Trifolium alexandrinum).

As long as this crop shows a reddish ap-
pearance and vields remain low, the salt con-
tent of the soil is still too high and rice
growing should be continued until there is a
low enough salt content in the soil to enable
it to support other crops.

The yields of such salt resistant varieties are
considerably below the average, but the main
purpose for which they are grown is soil im-
provement.

World production of wetland rice is much
more important than that of upland rice, be-
cause the total area under the former is many
times greater and the average yields of upland

Paddy
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rice are much lower, often only half as much
or less. The distinction between upland and
wetland rice is not an absolute one, for al-
though the latter can practically never be
grown on upland areas, the reverse is possible
in the case of certain upland varieties.

All of the upland varieties are characterised
by a relatively short growing -period, fluctu-
ating from 3 to 4 months in the wet monsoon
in tropical areas to 6 months or more in more
temperate regions. The grains of the upland
varieties are usually somewhat coarser and in
less demand commercially,

Rice fields near Tjiwidej (Java)

For wet rice growing monoculture, that is,
rice planted after rice in successive seasons, is
not uncommon, but in the case of upland rice
a well-planned rotation scheme with crops like
maize, groundnuts, cassava, soyabeans, etec.
alternating with rice is of primary importance,

Upland rice is often grown as the first crop
in a system of shifting cultivation because
immediately after the burning process soils
are still sufficiently rich to give good vields of
rice. Later on, when the soils have become
more exhausted, less exacting crops should
be grown.

i
i
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CULTURAL PRAGY,
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IN RICE GROWING

CULTURAL PRACTICES contributing to
higher yields will now be discussed:

(1) Improved water supply in the form of
extended and better regulated irrigation fa-
cilities. Adequate and timely supply of water
is a factor that has an extremely great influ-
ence on yields,

(2} Greater use of fertilizers, which is un-
doubtedly one of the most effective means of
increasing rice yields so as to obtain larger
supplies of rice for the Asiatic countries which
are deficient in this commodity and where
many food producing areas are cultivated as
intensively as circumstances permit. Double
cropping is quite common ‘in these regions,
some areas producing even three crops anmu-
aily. Unless, therefore, some provision is made
for maintaining soil fertility by means of
chemical fertilizing, the gonstant and intensi-
ve use of the land must inevitably exhaust the
soil and is reflected in declining rice yields.

Up to the present, however, inorganic ferti-
lizers have been applied to rice on a relatively
small scale in most of the Asiatic countries,
Before the second world war Japan, Korea
and Formosa were practically the only Asiatic
countries in which significant quantities of

commercial fertilizers were employed. As far
as other rice growing regions of the world
were concerned the fertilization of rice was
practiced only in the U.S.A., Egypt, the rice
growing countries of Europe and Australia.
It is clear from information available that one
of the most promising methods of increasing
rice yields in the tropics is the extension of
the practice of intensive manuring, judiciously
combining the use of green manure with local
fertilizing materials and commercial fertilizers.
The high rice yields.of Japan should be con-
sidered to be the result of the judicious com-
bination of fertilizers with the natural ma-
nures employed there for centuries. Nitrogen
is the most important element in which the
soil is deficient, although in many arcas phos-
phates are needed in addition to nitrogen.

In some areas, e.g. Java, Thailand and Indo-
China soils respond even more to phosphates
than they do to nitrogen. Most rice soils con-
tain sufficient potash for the requirements of
the crop, although insome countries symptoms
of potash deficiency have been observed on
sandy soils,

(3) The more extensive use of green ma-
nure crops grown in rotation with rice.

(4) More intensive tillage of the soil, im-




16

Weeding operation in paddy fields in Eastern Java

proved cultural practices in general, adopting
the practice of transplanting seedlings from
nurseries instead of broadcasting the seed and
more attention to the important operation of
weeding,

In addition light and warmth should be men-
tioned as the more or less uncontrollable fac-
tors affecting rice growing, the limitations of
which, however, can to a certain extent be
overcome by selecting suitable varieties for
different environmental conditions.

On account of its heat-loving characteristics
rice is a crop most suitable for the tropics and
sub-tropics, although it is also grown during
the summer in warm temperate regions.

The great intensity of light and the solar
energy found in sub-tropical and warm tem-
perate areas might even constitute an es-
pecially favourable factor in rice growing and
is, next to the excellent cultural treatment of
the crop, perhaps responsible for the high
average yields obtained in countries like Japan,
Italy and Spain. In these countries yields of
3000 kg. per ha. of milled rice are not un-
common, in comparison with the vyields of

~ very many tropical countries that do not even

reach 1000 kg, per ha. Under the conditions
of cloudy weather during the wet monsoon,
light deficiency might be the limiting factor
in tropical areas.



WATER SUPPLY FOR RICE GROWING

RICE needs an abundant supply of water,
upon which depends the success of all intensive
methods of cultivation, such as manuring, ro-
tation and growing of improved varieties.

Rice is seldom grown in an area with a rain-
fall of less than 40 inches during its vegetative
period, unless irrigation water from an out-
side source is available. The minimum water
requirements of paddy are estimated at about
10,000 m® of water per hectare.

In Egypt, where the rice crop is wholly de-
pendent on irrigation, it is estimated that
7000 m® of water per feddan, or 16,000 to
17,000 m® per hectare, are needed during the

Egypt. Lifting water for irrigation
by means of a ,sakieh”
and blindfolded oxen

whole period of the crop’s growth. This is a
much greater volume of water than is re-
quired for any other crop, so that in years of
water scarcity the rice area is the first to
receive a restricted supply. The excessive
water requirements of rice explaing why the
cultivation of this crop is almost entirely
confined to Lower Egypt, as it is only in this
part of the country that an ample and regular
water supply can be assured. In Upper Egypt
cotton growing with the aid of well water is
possible, but this source of water supply does
not meet the demands of rice growing.

In India too rice growing is almost entirely
limited to the coastal territories and other
areas with a rather high rainfall as far as
Indian conditions are concerned, which should
be at least 50 inches (125 cm.) pér annum.
Other cereals are grown in areas with a more
deficient rainfall.

A large supply of water is needed for wet
tillage alone. In heavy soils this may amount
to approximately 30 per cent and over of the
total water requirements of the crop. Immedi-
ately after sowing or transplanting a com-
paratively small quantity of water is con-
sumed. This increases with the growth of the
crop up to maturity. At the start of the growth
of the crop the depth of water should be at
least 5 centimeters (2 inches) —- and prefer-
ably more — to check weed growth, The
depth is gradually increased to 10 cm. (4
inches) and later on to 20 em. (8 inches).
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SOIL TiLLAGE

FOR RICE GROWING

INTENSIVE TILLAGE of the soil is as es-
sential for wet rice growing as it is for dry
crops, though the end in view is somewhat
different. For dryland crops soil tillage aims
primarily at the improvement of physical con-
ditions and a better water-air ratio in the soil.
For wetland rice growing on the other hand
the presence of oxygen in the soil is of less
importance as the crop is adapted to water-
logged soil conditions.

‘The upper layer of the soil, to a depth of
about 2 cm. under the water layer, is in an
aerobic condition. At a greater depth the soil
medium is completely anaerobic and deeper
still it again contains oxygen. This peculiar
condition influences both the root system of
the rice and the soil itself. The roots in the
upper soil layer are whitish in colour and well
supplied with root hairs. This horizontal root
system developing during the tillering stage is
comparable with that of cultivated cereals
such as wheat, barley and similar crops. It is
presumably this part of the root system that
absorbs nitrogen in the form of nitrates. The
roots which penetrate more deeply into the
anaerobic layer are coarser, less branched and
mostly brown in colour.

Soil tillage for wet rice growing. Garut, Java



The anaerobic soil layer causes a mobilization
of iron and manganese, which are leached to
the subsoil and there deposited in the forms
of ‘more highly oxidized insoluble iron and
manganese salts. This eventually causes the
development of a hard pan, consisting of an
iron bearing deposit over one containing
manganese, at the bottom of the paddy field.

With regard to the supply of oxygen to the
root system of paddy it must be assumed that
part of the necessary oxygen is supplied by
means of an air-canal system in the plant tis-
sues themselves. The aerobic portion of the
root systern seems to be provided with oxygen
in the normal way, an appreciable part of it
being derived from the result of the photo-
synthetic processes of several kinds of algae
living in the paddy field water.

The chief object of intgnsive soil tillage in
wet rice growing is to create the so-called
puddled condition, which involves working up
the soil to the consistency of a fine, soft mud,
by means of ploughing, harrowing and tramp-
ling. The whole of the upper layer of the soil
should be in this smooth, soft muddy con-
dition, permitting the roots to ramify freely
in the medium without being obstructed by
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Java. Plowing of the
wet rice field

hard layers or spots. To achieve this a great
deal of time and care should be devoted to
intensive tillage, especially in the cases of the
heavier types of soil.

In other respects heavy soils are especially
suitable for wet rice growing as they produce
more easily the more or less impervious layer
tavourable to rice growing and prevent the
leaching of plant nutrients.

Careful preparatory cultivation of the soil is,
however, even more important for heavy soils
than for lighter types. Neglect of this is apt
to cause decreased yields or increase in the
incidence of pests and diseases. )

Inadequate soil tillage may be a consequence
of lack of time between two rice crops under
a system of double cropping.

Soil tillage may be carried out under dry
soil conditions or in flooded fields. When
abundant water i1s available, however, the
latter method is preferable so that the puddled
soil condition may be created.

According to VAN DE GOOR 32 inadequate
water application in the preparation of the
sofl might be responsible for the frequent crop
failures in Fast Java following a late start
of the rainy season. Heavy margalite soils ap-
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pear to be especially sensitive to moisture
content at the time of preparation.

One of the diseases induced by inadequate
tillage of heavy soils is the so-called bambang
or mentek discase in Java, the principal
symptoms of which are retarded growth, stiff
weedy appearance and yellowish green leaves.
This disease appears 3 to 5 weeks after trans-
planting and farmers suppress it by trampling
the soil.

15 to 20 cm. (6 to 8 inches) should be
regarded as a good standard depth of the
puddled fayer as a furrow slice of less than
15 em. (6 inches) may cause food deficiency
symptoms in the later stages of growth and,
according to Japanese investigations, excep-
tionally deep soils retard ripening. :

In any case it should be remembered that wet
rice growmg is quite different from rice
growing i swamps or inadequately drained
areas. Drainage of both irrigated areas and
of those dependent on rainfall i1s almost as
important as irrigation itself. Awvailable evi-
dence indicates that irrigation without ade-
quate drainage has actually caused a re-
duction in yield in some countries. Where,

Paddy fields
in Western Java, waiting
for soil tillage

however, suitable drainage was subsequently
provided yields increased substantially.

A period of drainage and aeration of the soil
before the start of wet rice growing should,
therefore, be regarded as essential. According
to Japanese investigations this practice exerts
its influence on the nitrogen supply of a soil
also as the time at which nitrogen becomes
available is quite different in well and poorly
drained paddy soils. In well drained paddy
soils the nitrogen released from organic ma-
terials by aerobic decomposition processes is
generally supplied to the plant in its early and
middle stages of growth when it is most in
need of nitrogen. In poorly drained soils, on
the other hand, most of the nitrogen is re-
leased by anaerobic decomposition under the
influence of high summer temperatures. When -
it becomes available to the plant so late
the growing season it results in lodging, late
ripening and the outbreak of diseases. More-
over, some of the decomposition products may
be injurious to the rice plants.

‘The primary importance of good and in-
tensive soil tillage in wet rice growing must
again be stréssed.
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TRANSPLANTING VERSUS BROADCASTING
AND WEED CONTROL

ONE OF THE WAYS of obtaining in-
creased yields is the practice of transplanting
seedlings instead of broadcasting the seed in
the field. i

In addition to the methods of broadcasting
seed by hand and transplanting seedlings from
a seed bed there are the use of seed-drills and
sowing frotn the air, practiced especially in
the U.S.A., where flooded fields are sown
from aeroplanes and seed-drills are used on dry
fields that are subsequently flooded, as, of

course, they cannot be used for sowing seed in
flooded fields.

Transplanting is generally preferable to
broadcasting as the former, though an ardu-
ous practice requiring a large amount of
manual labour, has a direct heneficial effect
on yield and results in saving in the amount
of seed required. In transplanting not more
than 25 to 30 lb. of seed per acre is used,
whereas 75 to 100 1b. is required for broad-
casting. In addition transplanting results in

I

Paddy fields
near Bandung, Jova.
In the middle seedbeds







