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FOREWORD

The idea of The International Conference on Organic Matter and Rice was
conceived in October 1980 in Beijing, China, at a meeting of Dr. Xiong Yi, director,
Institute of Soil Science, Academia Sinica; Dr. Nyle C. Brady, then director general
of the International Rice Research Institute (IRRI); and Dr. D. J. Greenland,
IRRI deputy director general. The objective was to bring together agronomists,
economists, fertilizer experts, organic chemists, plant nutritionists, and soil scientists
to discuss the role of organic matter in rice production within the context of
increasing fertilizer prices.

The plan was for China, the world’s largest user of organic manures, to
consponsor the conference with IRRI. But because of Dr. Yi’s indisposition, IRRI
organized the conference with financial assistance from the German Agency for
Technical Cooperation (GTZ). The conference was held at IRRI, Los Baifios,
Laguna, Philippines, 27 September to 1 October 1982.

Ninety scientists from 15 countries participated in presentations, discussions and
poster sessions, which covered: the potential of organic manures in rice production,
organic sources of plant nutrients, decomposition of organic matter in wetland rice
soils, organic matter and soil physical properties, organic matter and plant growth,
and management and evaluation of organic manures. The consensus was that
organic materials can play an important role in rice production, especially in
fertilizer-deficient countries. The need for more information on the chemistry of
organic processes in wetland soils and their effects on rice also emerged.

Dr. F. N. Ponnamperuma coordinated the conference activities. He was assisted
by a committee consisting of Drs. S. K. De Datta, I. R. Fillery, D. J. Greenland,
H. U. Neue, and I. Watanabe, and Mr. G. Alvez. Dr. Ponnamperuma also acted as
technical editor of the papers. The volume was edited by Dr. Stephen Banta, assisted
by Mrs. Corazon V. Mendoza.

I hope that this book will be a useful source of knowledge about what we know
and what we do not know, and thereby help to set new research directions and to
develop integrated soil health management systems.

M. S. Swaminathan
Director General






POPULATION,
RICE PRODUCTION,
AND FERTILIZER
OUTLOOK

R. W. Herdt and P. J. Stangel

In 1981 global consumption of fertilizer was just under 94 million t,
having increased by 73% since 1971. Worldwide, N consumption
was 60.4, phosphorus 13.4, and potassium 20.1 million t. Asia is the
leading fertilizer-consuming region, having applied 25.6 million t
in 1980/81, compared to North America’s 19.1 and Western
Europe’s 16.1 million t. Rapid expansion in the production
capacity of several Asian countries has enabled the production in
the region to increase rapidly, but imports are still required in many
countries, including India and China. Estimates indicate that the
industry should be able to meet demand in the year 2000 with
relatively little problem. Given current technology it is estimated
that urea can be produced for under $300/t in developing countries
that have natural gas, and for about the same cost in developed
countries, even with natural gas costing twice the 1981 price of
$2.75/million cubic feet. The world price of urea in 1982 was less
than $200/t.

The likely level of rice demand and production was calculated
for eight Asian countries using a policy model of the rice sector that
permits examination of the impacts of alternative levels of irrigated
land, fertilizer prices, fertilizer availability, and rice imports or
exports. Using medium growth rate assumptions, population
alone will increase the demand for rice by 37% between 1980 and
2000. The impact of income and population together will cause
demand to grow by 55 to 65%. With reasonable expectations on
the rate of growth of irrigated area and new rice technology,
holding prices of fertilizer at their 1980 levels, about 50 million t of
rice will have to be imported by the year 2000 to meet Asia’s
demand. If fertilizer prices double, the required level of rice
imports will be about 20% higher. Thus, unless productivity of
fertilizer, irrigation, and land can be improved, Asia will have
massive rice deficits in the year 2000.

Fertilizer has become a major input into the world’s food supply, especially over the
past 20 years. According to FAO estimates, in 1960 world fertilizer consumption
totaled 23 million t of nutrients, and by 1961 it had increased to 94 million t (FAO

Agricultural economist and head, Department of Agricultural Economics, International Rice Research
Institute, P.O. Box 933, Manila, Philippines, and deputy managing director, International Fertilizer
Development Center, P.O. Box 2040, Muscle Shoals, Alabama, 35660, USA.
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1982). Although there are many ways to compute the production contribution of
that fertilizer, using the rough rule of thumb of 10 to 1, the increase could have
accounted for 710 million t of grain. Over the same period, world population grew
from 3 to 4.4 billion (UN 1981). These global figures give some hint, but little real
insight into the role of fertilizer in helping meet world food needs. Certainly fertilizer
has been important, but of more interest is how important it is likely to be in the
future, given today's agricultural technologies.

This paper will largely ignore the source of fertilizer and concentrate instead on
how much fertilizer may be needed to produce the food required for the future. The
first part reviews the world fertilizer situation, the growth in fertilizer use in major
consuming areas, and the likely impact of rising energy costs of fertilizer production.
The second part discusses the factors associated with success in meeting future
demand for rice. The third part presents the results of an attempt to determine the
conditions under which the demand for rice will successfully be met.

FERTILIZER TRENDS AND FUTURE PROSPECTS

Both global production and global consumption of fertilizers have increased sharply
since 1950 (IFDC 1979), not only because of technologlcal improvements in the
production of fertilizer which have resulted in lower costs per unit of nutrient, but
also because of the development of fertilizer-responsive cultivars of maize, wheat,
and rice. North America, Asia, Western Europe, and the USSR dominate in the
production of fertilizer, producing 64% of the world’s total in 1981. This included
69% of the nitrogen, 63% of the phosphorus, and 58% of the potassium. Production
slightly exceeds consumption of each nutrient in most years, probably because of
differences in reporting production and consumption, overformulation and over-
weights of fertilizers, unreported losses, use of fertilizer for nonfertilizer purposes,
unreported inventories, and the necessity of having some fertilizer in the distribution
system at all times. The actual excess varies, but has averaged about 5%, except in
unusual market situations like 1974.

Table 1. World fertilizer nutrient consumption, 1971-1981.%

Consumption (t x 103)

Year?

N P K Total
1971 31842 8707 13615 54164
1972 33383 9293 14350 57026
1973 35771 9913 15328 61012
1974 38519 10648 16988 66155
1975 36801 10102 16222 63125
1976 43587 10747 17705 72039
1977 46103 11696 19042 76841
1978 49444 12114 19014 80572
1979 53674 13024 20277 86975
1980 57282 13210 19894 90386
1981 60381 13354 20132 93867

4Source: FAO (1981), IFDC (1982). 530 June— Uuly.
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Global consumption of N, P, and K totaled only 11 million t in fertilizer year 1950 (1
July 1949 to 30 June 1950). This climbed to nearly 23 million t by 1960, 54 million t
by 1971, and just under 94 million t by 1981—a 750% increase in 30 years and a 73%
increase since 1971 (Table 1).

Phosphorus was the dominant fertilizer nutrient worldwide in 1950, comprising
42% of total nutrients. By 1981 it had dropped into second place at 21%. Nitrogen is
now the most important fertilizer nutrient consumed worldwide (Fig. 1). The
dominance of N in most fertilizer markets has been steadily increasing, from 28% of
total nutrients (N, P, and K) consumed in 1950 to 64% in 1981 (Table I). Nitrogen
use has increased nearly 15-fold since 1950.

North America, Asia, Western Europe, and the USSR consume the major share
of the world’s fertilizer. Collectively, the nations in this group accounted for 79% of
the fertilizer consumed in 1972 and 81% of the world total in 1981 (Table 2). Asia
experienced major increases in fertilizer use during the 1970s and by 1980 had
become the world center for fertilizer use. Eastern Europe accounted for 10% of the
fertilizer consumed and Africa, Latin America, and Oceania (as a group) for another
10% of the world total in 1981.
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Table 2. World consumption of fertilizer nutrients by major region
or country 1980/81. ¢

Consumption (t X 103)

Major region or country

N P K Total
Africa 1,824 487 330 2,641
Latin America (Mexico
through Argentina) 2,835 1,149 1,542 5,526
North America 11,604 2,444 5,007 19,055
Asia 21,254 2,290 2,029 25573
Western Europe 9,474 2,361 4238 16,073
Eastern Europe 4,846 1,375 2,727 8,948
USSR 8,262 2,089 4,070 14,421
Oceania 282 530 188 1,000
World total 60,381 12,725 20,131 93,237

“Source: FAO (1981), IFDC (1982).

Africa accounted for only 3% of world nutrient consumption in 1981. Its average
use was only 13 kg/ha of arable land and permanent crops, well below the world
average of 62 kg/ha in 1979 (Table 3).

Latin America accounted for 6% of world consumption in 1981. Average use of
NPK in Latin America was 26 kg/ha or less than one-half of the world average in
1979.

North America is one of the centers of fertilizer consumption, accounting for 20%
of the world total in 1981. Fertilizer use in the United States averaged about 91
kg/ha of NPK, about 47% above the world average in 1979.

Asia has emerged as the leading region in fertilizer consumption because of steady
growth throughout the area, particularly in India and China. Total fertilizer use was
27% of the world total in 1981. Use of N accounted for 83%; use of P and K
accounted for 9% and 8%, respectively. Average fertilizer use in Asia was 53 kg/ha,
not much under the world average in 1979. Use of N per hectare was slightly above
the world average, whereas the use of P and of K were well below the world average.

Historically, Western Europe had been the leading region in fertilizer use, holding
this position as recently as 1972, when its nations consumed 13.5 million t of NPK or
24% of the world total. Western Europe still has the highest per-hectare use of
fertilizer in the world, averaging 182 kg/ha in 1979. Some countries use extremely
high levels, averaging double, and, in the case of the Netherlands, triple Europe’s
average and 4-10 times the world average. However, in the 1970s, fertilizer use in
Western Europe stagnated, showing only a 1.4% annual increase. Future changes in
use will be highly dependent upon changes in economic conditions. Farmers are
aware of the P and K reserves that have built up in soils in recent years and use them
when economic conditions warrant. Present low prices for feed grains and food,
coupled with a depressed economy, indicate that growth in N use will be moderate
and that absolute consumption of P and of K are likely to decline.

Key fertilizer countries
High prices of energy combined with the trend toward public ownership of the
majority of the world’s ammonia capacity have a major effect on the structure of the
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fertilizer industry and particularly the N component (Harris and Harre 1979).
Nowhere is this more evident than in the key producing and consuming countries of
Asia, North America, and Europe.

Six countries (the United States, China, the USSR, India, the Netherlands, and
Japan) accounted for 59% of world N production and consumption, 44% of
imports, and 42% of exports in 1981. Three of these — the United States, the USSR,
and China — account for half of world production and consumption and 30% of the
exports and imports of N. Japan and the Netherlands, through minor producers and
consumers of N, supply almost 15% of world exports and, therefore, play an
important role in the international N trade. Obviously, events in any of these
countries which influence N production or use will have a significant impact on N
availability throughout the world. Therefore, some discussion of the specific
situations in each of these countries is appropriate.

Japan. Starting in the mid-1960s, Japan began a deliberate plan to become the
world’s leading exporter of N. By the early 1970s Japan had reached a production
capacity of more than 4.6 million t of ammonia per year with 75% aimed at the

Table 3. Average fertilizer nutrient application per hectare’ in
regions of the world and in high-intensity countries, 1979.F

Av application (kg/ha)

Region/coun
€ w N P K Total
Africa 9 2 2 13
Reunion 94 43 80 217
Mauritius 91 10 115 216
Egypt 176 15 2 193
North and Central America 47 10 19 76
Martinique 108 40 90 238
St. Lucia 118 39 63 220
St. Vincent 141 13 49 203
United States 55 11 25 91
Mexico 35 5 2 42
South America 11 7 8 26
Venezuela 26 8 12 46
Brazil 13 12 15 40
Colombia 27 6 11 44
Europe 103 29 50 182
The Netherlands 564 43 119 726
Belgium 231 54 155 440
Federal Republic of Germany 197 54 133 384
USSR 32 11 16 59
Asia 43 6 4 53
Japan 158 74 125 357
Republic of Korea 199 43 72 314
China 106 9 2 117
Oceania 6 11 16 33
New Zealand 55 404 198 657
New Caledonia 50 22 50 122
World 40 9 13 62

“Includes arable land and permanent crops. bSource: FAO (1981).
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export market. However, Japan has almost no oil or natural gas, the key raw
materials of the N industry; thus, most of its raw materials have to be imported, and
production is very sensitive to changes in the price of energy.

Rising costs of energy, coupled with large quantities of ammonia appearing in
international trade from production units based on inexpensive natural gas, have
placed great pressure on Japan’s N industry, and many plants have been closed. As
of August 1982, 1.7 million t of ammonia capacity per year has been permanently
closed, some of which has also been dismantled. Japan may close an additional 1
million t of capacity by 1985, leaving it with 1.9 million t of capacity. This will serve a
domestic demand for fertilizer of 0.7 million t, an industrial demand of 0.4 million t,
and leave an export capability (including 0.2 million t of byproduct N) of about 0.5
million t of N. Should this occur, Japan will no longer be a major force in the N
export market. This has strong implications for other countries in Asia, most
notably China, as the majority of Japanese exports have in recent years been
destined for China. In 1979 nearly all (90%) of Japan’s urea and 50% of its
ammonium sulfate exports went to China, and loss of this supply will almost
certainly trigger a reshaping of the N sector in China as well as elsewhere in Asia.

China. China has surprised the world with the rapid advancements it has made in
both N production and consumption. It is the world’s leading consumer and third
only to the United States and the USSR in N production. As a result of an ambitious
program to install thirteen 1,000 t/day ammonia and companion urea units, China’s
production of N has risen dramatically in recent years (Feng 1982). Production of N
in 1970 was estimated to be 1.5 million t. It climbed to nearly 10 million t by 1981.
China reportedly has an additional 1 million t of N capacity under construction, due
for completion before 1985.

Equally dramatic increases have occurred in N consumption, from 3.2 million t in
1970 to 11.8 million t in 1981. As a result, China, which imported nearly 1.8 million t
in 1980 (mainly from Japan, the Middle East, Western Europe, and the United
States), is likely to remain a major importer for the foreseeable future.

India. India has experienced a remarkable growth in its N sector over the past
decade, although not as marked as that of China. Nitrogen use totaled 1.3 million t in
1970 and nearly tripled by 1981, reaching 3.5 million t. Preliminary estimates
indicate consumption reached 3.7 million t in 1982. This represents an annual
growth rate of over 15%. Analysts attribute this increase not only to favorable
weather conditions but also to improved government policies that enhance
availability and make it profitable not only for farmers to use fertilizer but also for
industry to produce and distribute it. Current forecasts call for consumption to reach
7.4 million t of N by 1984/85 and 8.4 million t by 1987/88 (Pattel and Pandy 1982).

Production of N has also increased sharply over the past decade, from 0.8 million t
in 1970 to 2.2 million t by 1981. This increase, however, was insufficient to meet
demand and has required a steady increase in imports, which in 1981 reached 1.5
million t. These imports come mainly from Eastern Europe, the USSR, and Western
Europe, with some also coming from Japan and the United States. Prospects are
high that India will remain a major importer of N for the foreseeable future.

The United States. The US is the world’s largest producer, exporter, and importer
of N fertilizer, and is second only to China in N consumption. As a result, events that
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affect N production or consumption in the US have a strong impact on the N
industry worldwide. Because of high costs of production, low prices, and stagnant
consumption due to low farm prices of feed grains, a considerable portion (5.1
million t) of US N capacity was idle in 1982. These factors, coupled with the
deregulation of natural gas prices (scheduled to be completed by 1985), which will
raise feedstock costs in line with world energy prices, have made it unattractive to
invest in new N facilities. While the US has historically been a net exporter of N, the
current situation has changed such that it is likely to become a major net importer in
1982. Preliminary figures for the first quarter of 1982 indicate that the US had a net
import balance of 400,000 t of N (TVA, private communication). The majority of
these imports come from the USSR, the Netherlands, and Trinidad. Barring a
major shift upward in the price of feed grains and fertilizer, the US is likely to remain
a major net importer of N for at least the next 3-4 years. This could reach 1.5-2.0
t/year by 1984 should N consumption, which is now stagnant, resume its normal
growth rate of 4-5%/year.

The USSR. The USSR has the world’s largest installed ammonia capacity, is
second in N production, and is a major exporter of N fertilizer. Nitrogen production,
which was 5.4 million t in 1970, climbed to 10.2 million t in 1981. Nitrogen
consumption, which was 4.6 million t in 1970, also increased approximately 80% by
the end of the decade and was nearly 8.3 million t by 1981. As a result of this growing
surplus in production, the USSR has emerged as a significant exporter of N
fertilizer, with exports totaling slightly more than 1 million t in 1981. This total
export promises to increase sharply in the immediate years ahead as additional
capacity (3.1 million t) comes onstream by 1984. A major share of these exports is
destined for the US and Western Europe (mainly as ammonia) and India (as urea).
While the main reason for the rapid expansion of its N industry is to help achieve
self-sufficiency in feed grain production (some of the exported N is exchanged for P),
domestic consumption of N has lagged behind government targets. This, coupled
with the need for the USSR to earn foreign exchange to finance imports of feed grain
and its ample supply of natural gas, leads to the conclusion that the USSR will be a
major exporter of N.

The Netherlands. In recent years, the Netherlands has emerged as a major
exporter of N fertilizers, with steady increases from 0.6 million t in 1971 to nearly 1.2
million t in 1981. It has been a major supplier of N to Western Europe, the US, and,
more recently, to India and China. At least one new ammonia plant is expected to
come onstream before 1985, and the Netherlands may fill part of the void left in
international trade when Japan phases out of the export market. This may change
should the Netherlands Government drastically alter its policy on feedstock prices to
the export units.

Fertilizer forecasts

Forecasting fertilizer use at a time when the entire fertilizer sector is in a state of flux
is difficult. Political turmoil or an economic crisis in one or more of the leading
fertilizer-producing or -consuming countries can cause a major change in growth
rates and render meaningless the forecasts made before the disturbance. As
uncertain as these forecasts are, however, they do serve as a guide for policymakers,
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marketing executives, and investors in developing plans for fertilizer development.
Although several researchers have estimated fertilizer demand for various stages in
the future, most have relied on those projections developed by the United Nations
Industrial Development Organization (UNIDO 1978, 1980) of the Food and
Agriculture Organization (FAO)/UNIDO/World Bank Working Group (FAO
1981c). Therefore, only forecasts from those two groups will be discussed here.

Nitrogen consumption. The Working Group estimated world N consumption to
be 71.43 million t by 1985, whereas UNIDO (1978) estimated it to be 78 million t.
The Working Group also estimated N use to be 85.95 million t for 1991. UNIDO
(1978) estimated consumption to be 84.0 for 1988 and 145.5 million t for 2001. A
later study (UNIDO 1980) forecast a lower figure for the year 2000 — 110 million t.
Because of the present economic uncertainties in the world, the initial estimates by
UNIDO (1978) are perhaps too high, particularly for the year 2000. Most probably
future studies will lower these figures even further.

Phosphorus consumption. The recent decline in P consumption in Western
Europe, Japan, and South Korea and the near static situation for the United States
have made all but the most recent forecasts seem quite high. UNIDO (1978)
estimated world P consumption to be 16.5 t for 1983, 19.9 t for 1988, and 33.5 million
t for 2001. The FAO/UNIDO/World Bank Working Group (FAO 1981c)
estimated P demand to be 15.8 t for 1983, 17.2 t for 1985, and 21.5 million t for 1991.
Phosphorus consumption is becoming increasingly sensitive to crop-P fertilizer
price ratios. Should these be favorable over the coming years, particularly in the
developing countries, the consumption forecasts developed by the Working Group
may prove to be conservative. On the other hand, if the present economic
uncertainty in the world continues for some time, the Working Group's estimate
(FAO 1981c¢) is probably quite accurate.

Potassium consumption. A recent forecast by the FAO/UNIDO/ World Bank
Working Group (FAO 1981c¢) estimates consumption of K to be 25.5 million t in
1985 and 31.6 million t in 1991. The 1991 figure represents an increase of 11.6 million
t or about 60% above the 1981 figure of 20.5 million t. An earlier UNIDO estimate
(1978) forecast somewhat higher levels of consumption. These were 25.7 t for 1983,
33.1 t for 1988, and 55.5 million t of K for 2000. The UNIDO estimates were made
when K prices were lower and crop-fertilizer price ratios were somewhat more
favorable.

Impact of energy costs on fertilizer costs
There is growing concern regarding the impact rising energy prices will have on the
production costs and price of fertilizer. Mudahar and Hignett (1982) estimated the
energy used in fertilizer production, distribution, and application during 1973 to be
only 1.5% of the total commercial energy consumed in the world. While fertilizer
consumes a relatively small portion of the world’s commercial energy, approximately
88% of the total energy consumed by the fertilizer sector is used for the production of
fertilizer. The remaining 12% is used in its packaging, distribution, and application
(Blouin and Davis 1975). Production uses approximately 90%, 50% and 50% of the
total energy used to create and apply N, P, and K, respectively.

Urea, the most common N source for developing countries, is the most energy



POPULATION, RICE PRODUCTION, AND FERTILIZER OUTLOOK 9

intensive of all fertilizers. The energy required to produce a 50-kg bag of urea is
equivalent to that found in 58 liters of gasoline (Mudahar and Hignett 1982). This
amount is 8.5 times the amount of the energy needed to produce triple superphos-
phate and 18.5 times the energy required to produce muriate of potash. Rising
energy costs are likely to influence the feedstock costs and the capital requirements
needed to produce fertilizer; their greatest effect is likely to be on N production.

Feedstock costs. Approximately 80% of the world’s ammonia capacity uses
natural gas as the feedstock. Naphtha and fuel oil — products of oil-refining
processes — account for about 10% and 6%, respectively, of worldwide feedstocks.
The proportion of world ammonia capacity based on natural gas is likely to increase
because of its general availability and low cost compared to oil and its derivatives
(Mudahar and Hignett 1982).

Several countries with large ammonia production capacities depend on naphtha
or fuel oil for feedstock; naphtha contributes 61% in Japan, 48% in India, 100% in
South Korea, and 69% in Turkey, while fuel oil contributes 30% in the Federal
Republic of Germany, 54% in China, 15% in India, and 31% in Turkey. The rapid
rise in oil prices has had a direct and immediate impact on these feedstocks, which
are easy to transport and have a wide range of alternate uses. At 1982 naphtha prices,
ammonia production based on naphtha is very expensive. Naphtha was selling for
about $340/ t as of July 1982 (Table 4). On the basis that 0.9 t naphtha is required to
produce 1 t ammonia, feedstock costs alone ($306/ t of ammonia) exceeded the July
1982 price of ammonia ($142/ t) by more than $160 (Green Markets 1982, European
Chemical News 1982). Similar unfavorable production costs exist for ammonia
plants using feedstocks based on imported fuel oil. These simplified calculations
show that the recent rise in oil prices has rendered uneconomic most ammonia plants
that use imported naphtha or fuel oil as their feedstock. These conditions explain
why Japan has scrapped more than 1 million t of N capacity since 1975 and plans to
close another 1 million t by 1985. The current difficulties of the N industry in South
Korea stem directly from the high cost of its feedstock. Several countries of Western

Table 4. Prices of bulk fertilizers and fertilizer raw materials,

1980-82.“
Price (USS$)

Product

1980°  1981° 19827 1982¢
Urea 158 195 145 127
Ammonia 140 135 142 142
Ammonium sulfate 65 94 86 77
Phosphate rock 36.50 42.50 40.00 32.00
Phosphoric acid 3.72 3.72 3.30 2.90
Diammonium phosphate 260 225 200 175
Triple superphosphate 190 197 142 137
Muriate of potash 106 115 95 72
Sulfur 122 132 110 110
Naphtha 400 360 320 340
Natural gas 1.96 2.33 2.90 2.95

% Source: Green Markets (1982). b price as of 1 January. “Price as
of 1 July 1982.
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Europe have also had the same problem and have either closed their plants or
converted them to use natural gas.

The price of natural gas varies widely throughout the world. In certain developing
countries such as in the Middle East, the price of gas may be only the cost of a
gathering system. In developed countries, where opportunity costs are high, the price
on an energy-equivalent basis will most closely reflect that for imported oil. This is
precisely the situation in Western Europe and what is emerging in the United States.
Until recently the price of natural gas in the US had been set artificially low by the
government, but the government is now in the process of deregulating the price and
plans to have it fully decontrolled by 1985. As a result, natural gas prices have risen
steadily since 1973 and have had a marked effect on production costs of ammonia
plants. Natural gas feedstock costs were $13.68 for 1973, $43.32 for 1977, and
$88.54/t for 1981. As long-term contracts signed in the early 1970s expire, new gas is
available at feedstock costs alone ($152/t), which exceed the current international
price of ammonia. A similar situation exists in a number of countries in Western
Europe. Consequently, in the United States more than 5 million t of ammonia
capacity is now idle and up to 2 million has already been dismantled (Tennessee
Valley Authority 1982).

Plant investment costs. An indirect effect of rising energy costs is their impact on
plant investment — particularly equipment costs — as well as on the cost of
borrowed capital. Mudahar and Hignette (1982) estimated the capital costs of a
1,000 t/day ammonia and 1,700 t/day urea complex based on natural gas and
constructed in the US in 1983 to be about $232 million. Only $47 million was
required for a similar-sized plant built as recently as 1973. The estimated costs for
constructing plants in developing countries are even higher; the World Bank
(Sheldrick 1980) estimated total investment costs for a similar-sized plant to be $220
million for a developed site, $300 million for a developing site where some
infrastructure exists, and $400 million for a developing country site at a remote
location (Table 5).

Realization price. The term “realization price” is one used by financial institutions
(Sheldrick 1980) in determining whether capital invested in a given project will have
a return on investment comparable with that available from other markets. Applied
to fertilizer facilities and current costs of capital, the realization price ofa N facility is
the price at which the new unit, if efficiently operated (90% of design capacity), will
provide return on the capital invested comparable to other alternatives (currently
15-20%/year). It serves as a basis for deciding whether current or projected prices are
likely to be sufficient to attract investments in fertilizer facilities. On the basis of
investment costs of $220 million, $300 million, and $400 million for an ammonia
urea complex built on sites in a developed country, in a developing country with
some infrastructure in place, and in a grassroots location in a developing country,
respectively, the realization prices for bagged urea were calculated at $252.43,
$242.78, and $272.16 (Table 5). The current price of urea is $127/t, f.0.b. bulk US
Gulf Coast (Table 4). Even with a $30/t allocation for bags and bagging, present
prices are still well below the price needed to attract new investment. Of course, it is
assumed that all investors (public or private) in fertilizer factories desire some return
on their money.
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Investors may not receive a commercially expected return on their money for
plants built at developing sites because of the larger capital charges — $67.34/t for
units built at a developed site, $91.83/t for those at a developing site with some
infrastructure, and $122.44/t for those at a developing site with no infrastructure.
The investors may not realize a reasonable return on invested capital since the capital
charges for plants built in remote areas may be higher than any advantage gained
through availability of cheap feedstock — a point frequently overlooked in some
circles.

PROJECTING THE ASIAN RICE SITUATION: A POLICY FRAMEWORK

A number of national and international organizations make projections of the
demand and supply for food, or for particular food commodities, and the usual
conclusion is that a deficit (or surplus) of a given amount will occur at some stated
time in the future. These may be aggregated for countries within given regions and
presented as in Figure 2. The term “deficit” is used in such projections to indicate the
amount of food that would have to be supplied from some source other than
domestic production of the countries included. Most such analyses recognize that
projected deficits will be larger if incomes grow more rapidly than if they grow less
rapidly because higher incomes mean higher demand for most foods.

This kind of projection does not suggest, however, that there will be a gap between
the total quantity supplied and the total quantity consumed. Those two quantities,
by definition, must always be equal. The interesting issue is how they are equated at
any particular time and place. The differences between production and consumption
shown in Figure 2 were filled through imports from other countries or regions. If the
deficit in a country grows over time, the foreign exchange cost of meeting it with
imports increases. That increase in foreign exchange cost may encourage national
leaders to allow rice prices to rise to discourage domestic consumption and
encourage domestic production.

Grain (tx108) 2. Production and consump-
| High-income developing .  Low-income developing tion of grain by major world

200 countries }-23 300} countries /.4% region (Source: Barr 1981).
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When rice prices rise relative to the cost of inputs like fertilizer, farmers are
encouraged to increase production. Also, when rice prices rise, people consume
relatively less rice, so supply and demand are equated at a higher price. If an
increased rice price is intolerable, and if a country has the capacity, systems of
rationing may be used to ensure that the quantity supplied is available to consumers
at an acceptable price, even if a deficit might otherwise seem inevitable. If output
grows more rapidly than the trend rate, then the projected deficit may be eliminated
without raising prices or large imports. This is the condition that most countries
would like to achieve and toward which they strive. On the other hand, if fertilizer
becomes more expensive relative to food, farmers may use less of it, or at least slow
down the rate of increase in use, and hence the rate of growth of food output may
slow.

Thus the future rice situation depends on the rate of growth in rice demand, which
in turn depends on population and income growth, the rate of growth in rice
production, which is related to fertilizer use, and the acceptability of the resulting
level of rice prices and imports.

To look at the future prospects for rice production and at the role fertilizer may
play in meeting the demand for rice, we use a policy simulation model that has been
developed to project the supply and demand for rice in the major rice-dependent
countries of Asia. Through computer manipulation we measure the impact of
different levels of important parameters and policy instruments on retail rice price
(in real terms), rice imports, and direct government policy expenditures. This section
outlines the concepts behind the model, presents the data used, and describes the
main features of the projections for selected countries. The last section presents the
results of the projections.

Outline of the model
The essential nature of the model can be stated very concisely: demand and supply
for rice are projected, and the resulting equilibrium price is computed. Demand is
determined by growth rates of population and income. Production is determined by
the area of land cultivated with various rice technologies (irrigation, cultivars, and
fertilizer), while the use of each technology is determined partly by government
policies and partly by farmer behavior. Supply is equal to production plus imports,
where imports are determined by government policy decisions. The equilibrium
market price for rice is the result of the fixed supply intersecting the sloping demand
curve. In addition to rice production and price, the model internally determines the
demand for fertilizer based on the relative rice/fertilizer price.

Three policy instruments are included in the model:

1. rate of growth of irrigated land,

2. price of fertilizer and the rate of growth of fertilizer availability (all available

fertilizer need not be used), and

3. level of rice imports or exports.
Externally fixed variables include land available for rice, the rate of adoption of
modern cultivars, the rates of growth of population and per capita income, the
milling ratio, and the marketing margins. Target variables calculated by the model
include the direct government financial cost of irrigation investment, fertilizer
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subsidy (or implicit tax), and rice imports. The policy problem is to achieve the
desired level of rice supply and price while keeping the fiscal cost at a tolerable level.
A five-year cycle is used. The model first simulates events for 1965,1970, 1975, and
1980; then projections are made for 1985,1990,1995, and 2000. The historical period
is simulated in nominal prices while the projections assume constant real prices.
More explanations of the details for individual countries are given after the general
discussion of factors affecting demand and supply.

Future demand for rice

The demand for rice in a country at some future time depends on: 1) the current level
of demand, 2) the rate of growth of population, 3) the rate of growth of per capita
income, 4) the income elasticity of demand for rice, 5) the price of rice relative to the
prices of consumption substitutes for rice, 6) the direct and cross price elasticities of
demand for rice, and 7) the tastes and preferences of a community.

It is difficult to simultaneously examine variation in all these factors. Also, it is
impossible to project the availability and prices of consumption substitutes without
a full model of the food sector of each country. That task is far beyond the space
available here. Therefore, the availability and prices of consumption substitutes are
assumed constant and omitted from further explicit mention. This also eliminates
the need to explicitly consider the cross price elasticities. The demand for rice in a
given country at a given point in time is found as:

D=aTY" P

where a = a constant term
D = the demand for rice
T = the total population
Y = the per capita income
n = the income elasticity of demand for rice
p = the retail price of rice
e = the price elasticity of demand for rice.

There is considerable uncertainty about the numerical value of each of these
parameters. Historical data exist for population and income for most countries,
although for some countries even the historical data may not be known with
precision. Projecting future values is even more uncertain. Income and price
elasticities can be estimated only by relatively sophisticated techniques, and the
estimates that are available cover a surprisingly wide range.

Population growth. The most widely used population estimates and projections
are those of the United Nations, which makes a range of projections based on
individual country data. Because population growth is the most important factor
affecting future demand for rice, slight differences in future growth rates will have a
large impact on future demand. A simple projection of past population growth rates
is likely to overstate the rate that will occur, because population growth rates have
been changing in many countries. China and India had an average population
growth rate of 2.1% per year between 1960 and 1970 and 1.9% between 1970 and
1979 (IBRD 1981). Bangladesh grew at 2.4% in the 1960s and at 3.0% in the 1970s;
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Indonesia grew at 2.0% in the 1960s and at 2.3% in the 1970s. Other countries
experienced similar changes.

The United Nations updated its projection of population in mid-1980 using
information on changes occurring in fertility and mortality rates (UN 1981). Because
population growth is the net difference between the birth and death rates, and
because death rates tend to decline with development while birth rates tend first to
rise and then to decline, population projections that reflect fertility and mortality
trends are better indicators of future changes than are past rates of growth.

The medium population projection made by the UN shows that world population
will increase to 6.1 billion in 2000 from its 1980 level of 4.4 billion. This implies that
approximately 75 million additional persons per year will be added to the world’s
population. Most of this population increase will be concentrated in the world’s less
developed regions. The more developed regions are growing at 0.7% annually, a rate
expected to decline to 0.4% per year in 2000. The less developed regions are growing
at 2.1% per year, and are expected to be growing at 1.8% by the year 2000. Among
the less developed regions, Africa is growing most rapidly, but Asia has the largest
absolute size. Not only are populations growing more rapidly in the less developed
countries, but there is greater uncertainty about how rapidly they are growing, as
shown in Table 6.

The UN Department of International Economic and Social Affairs used national
data, studies, and statistics that were available in mid-1980. Demographic estimates
were prepared on the basis of available data on population, age and sex structure,
and levels of fertility and mortality for different time periods. The method suc-
cessively applied age - and sex-specific survival rates to the base year population to
calculate the number of survivors in each age-sex category at the end of each 5-year
period. The second step was to determine the number of births in each 5-year period
by applying age-specific fertility rates to the corresponding number of women in
each age class.

Income growth. The income concept that best reflects the factors influencing the
demand for rice is personal disposable income, but statistics reflecting that concept
are not available on a comparable basis for the countries of interest here. Gross
national product (GNP) per capita is available for most countries and is the best
usable measure, even though its accuracy is open to question for many developing
countries. In any case, the absolute income level is not critical for the exercise
because demand is estimated for past and future periods using a given definition of
income.

Past rates of growth in GNP would seem to be the best indicators of future growth

Table 6. Population projections for the year 2000.”

. . High as
1980 L Med High e
ow edium ig % of low
World 4432 5837 6118 6336 1.09
More developed 1131 1232 1272 1304 1.06
Less developed 3300 4604 4846 5032 1.09

“Source: UN (1981).
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rates, although there are arguments to be made for expecting divergences from past
rates in many circumstances. Available data show that the two big rice countries,
India and China, had fairly constant growth rates of GNP during the 1960s and
1970s (World Bank 1981). Growth rates of GNP accelerated during the 1970s in
Malaysia, the Philippines, Indonesia, Burma, and the Republic of Korea, while they
slowed somewhat in Pakistan, Sri Lanka, Thailand, Japan, and North Korea. The
growth rate for the 1970-79 period was used as the basis for projecting demand to the
year 2000, so the projections reflect the rates of economic growth prevailing in the
1970s.

Income and price elasticities. A comprehensive set of income elasticities was
generated separately by country and commodity by the FAO (FAO 1967) for their
“Indicative World Plan,” prepared in the late 1960s (Table 7). The US Department
of Agriculture (USDA 1971) made a projection of world food demand for which
they used a set of price and income elasticities of demand for categories of countries
and commodities. That set of parameters included cross elasticities between rice and
wheat, which provide some basis for understanding the likelihood of substitution
between the two commodities. More recently, the International Food Policy
Research Institute (IFPRI 1977) has projected food demand for individual countries
using income elasticities for cereals.

The USDA report classifies Asia into three groups of countries — South, South-
east, and East; the income elasticity of demand for rice in South Asia is given as 0.3,
for Southeast Asia as zero, and for East Asia as 0.2. The FAO provides separate
estimates for each country, with income elasticities ranging from —0.1 for Japan to
0.3 for the Republic of Korea, 0.4 for Burma, and 0.7 for Indonesia. The IFPRI
estimates also cover a wide range — from less than 0.1 for Thailand, Malaysia,
Korea, and Nepal to about 0.4 for Indonesia, Burma, India, and Sri Lanka.

Reviews of the research studies estimating income and price elasticities of demand
for various foods have recently been completed for Indonesia (Dixon 1982), the
Philippines (Bennagen 1982), and Thailand (Konjing, unpublished). Bouis (unpub-
lished) conducted a new analysis of a large consumption data set for the Philippines.
All these reveal a range of estimates for direct price elasticities of demand as well as
income elasticities for rice. For example, in his review for Indonesia, Dixon finds a
range in own price elasticities of 0.5 to —1.1 and a range of income elasticities of
demand of 0.5 to 0.7, while Bennagen finds a range of price elasticity estimates of
—0.3 to —0.5 and income elasticities of 0.1 to 0.2. Bouis finds considerable variation
in demand parameters across income and regional groupings, but with average
values very similar to those reported by Bennagen.

More importantly, these studies show that income elasticities are, in general,
higher where incomes are lower and that they fall as incomes rise. Thus, in countries
experiencing rapid economic growth two forces affect the demand for rice — the
rising incomes mean that more rice is demanded, but as incomes rise to higher levels,
the income elasticities fall. In 1980 only Japan had zero or negative income elasticity,
but if incomes continue to increase rapidly in countries like the Republic of Korea
and Malaysia, it is likely that their income elasticities for rice will decline to zero.
These observations imply that using constant income elasticities to project future
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rice demand will overstate that demand. It is especially important to recognize this
when making long-term demand projections.

A conventional projections model would use the expected growth rates and
income elasticities to compute the quantity demanded at some future date. However,
the present model uses them to project the demand function, which together with
estimated supply results in equilibrium prices. Table 7 shows the data used in the
basic runs of the model for each country. There is a large degree of uncertainty about
most of these numbers, but they are judged to be as good as can be obtained at this
time.

Future rice production

In the projections made here, information about the extent of adoption of critical
technologies is used to determine the future potential for additional growth from
such technologies. Production at any point in time is equal to area harvested times
yield per unit area. Area can be increased either by developing new land, substituting
rice for other crops, or using land being devoted to rice more intensively. Yields can
be increased by improving irrigation and drainage, protecting crops more fully from
pests, applying more nutrients, or improving crop husbandry. Potential yields can be
raised by improving the genetic potential of the available cultivars.

Potential for increasing rice area. The potential for increasing the area planted to
crops in Asia is very limited because of high land development costs, particularly
where extensive resettlement, irrigation, and erosion control are required. Table 8
shows that by 1970 cultivated land was nearly equal to potentially cultivable land in
South Asia and China. Cultivable land per capita is far less in Asia than in other
parts of the world.

However, a significant part of the growth in rice output achieved during the 1960s
and 1970s has in fact come from increasing area (Table 9). Even in the period from
1972 to 1977 China achieved an annual growth of 1.3% from land, while India
obtained 0.9% annually from increasing area planted to rice. Much of this area was
gained through multiple cropping, but some was obtained through increases in total
arable land. Irrigation contributes importantly to multiple cropping, especially in
areas with a distinct dry season. Because of the lack of data it is impossible to
separate the cropping intensity effect of irrigation from the increases in cultivated
land, but it is clear that both effects may continue, although at a declining rate. Based
on the examination of changes in the past sources of output growth and the available
data on multiple cropping and arable land, the authors have projected the maximum
rates of growth in harvested rice area shown in Table 10.

India and Bangladesh are likely to have, at most, a continued slow expansion of
rice area through the 1980s and 1990s. Bangladesh has a very large potential for
expanding irrigated area. India has a moderately low average multiple cropping
index (115) despite some areas with rather intensive systems. Bangladesh has a
considerably higher multiple cropping index (140), but has a more pressing need to
intensify further. Both countries are projected to have a slightly lower maximum rate
of growth of area in the 1980s than they achieved in the 1970s. Pakistan has achieved
a rapid growth in rice output mainly by expanding into areas not previously planted
to rice. Its potential for continued expansion is considerable because rice is still a
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minor crop in Pakistan. Both Sri Lanka and Nepal had little growth from land in the
1970s, and it is likely that this will continue, although irrigation development in Sri
Lanka could change the picture.

Both Malaysia and Thailand obtained more than a 3% annual increase in rice
output from area growth during the 1970s. This relatively rapid rate is projected
through the 1980s, but by the 1990s the availability of unused land will slow this
source of growth. Thailand, with a rather small proportion of its area irrigated, has
much scope for increasing its cropping intensity, but Malaysia exploited much of its
irrigation potential during the past 2 decades. The Philippines obtained a 1.3%
annual growth from increased land in rice during the 1970s, but the potential for a
continuation of that rate of growth in the future is limited, and it will likely fall below
1%/year in the 1990s. Indonesia is having only moderate success with its
transmigration program, which is intended to settle people on the extensive areas of
unutilized land in the outer islands. Dalrymple (1971) estimated, however, that
cropping intensity increased from 105 in 1955 to 120 in 1964 on Java. Therefore, it is
possible that through transmigration, irrigation, and cropping intensification,
Indonesia may be able to continue to increase rice area harvested at a maximum rate
of 1.5%/year.

Based on its historical pattern it is difficult to project rapid increases in harvested
rice area in Burma. However, the potential for increased irrigation is large, and the
cropping intensity is still only around 110%. Therefore, it is estimated that Burma
has the capacity to increase rice area harvested even more rapidly than in the past,
given adequate investment in irrigation. Vietnam has a moderately high cropping
intensity but achieved a rate of output growth of over 1.5% per year from land in the
1970s. A somewhat lower rate is projected.

Both North and South Korea obtained over 1%/ year increased output from land
area increases during the late 1970s. Both have multiple cropping indices of about
150, suggesting that future growth from that source will be limited, especially in the
light of the Korean climate. China obtained 2.3% annual output growth from area in
the early 1970s and 1.3% during the late 1970s. China also faces a climatic limitation
to increasing cropping intensity. In addition, China has effectively irrigated most of
her rice land during the past 3 decades and had pushed her multiple cropping index
to 150 on a national basis as a result of several mainland provinces having a cropping
intensity equal to the 190 reached by Taiwan Province in 1966. Projecting a rate of
output growth of 1%/ year from land area in China, North Korea, and South Korea
may seem too optimistic, but it is likely that these disciplined East Asian countries
can achieve this level.

Japan and Taiwan Province of China present somewhat unique cases. Both have
achieved a stage of development where rice production more than meets domestic
demand and where domestic demand is expected to decline or grow only very slowly
over time. Japan has large surpluses that are so burdensome that she has followed
policies designed to reduce output; but Japan cannot export the rice because it is
produced at a cost far above the world price. Taiwan Province is moving in the same
direction. Thus, it seems to make most sense to simply project that Japan and
Taiwan Province will be self-sufficient in the future but will not contribute to the rice
available for import by deficit countries.
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Potential for increasing rice yields. The possibility of increasing farmer’s yields
depends on the present level of yields and the technologically “potential” yield, both
of which depend on the quality of the rice production environment, especially the
area with irrigation and drainage. The present yield level depends on the extent to
which farmers currently use fertilizer and fertilizer-responsive cultivars. Fertilizer
and modern cultivar adoption are, in turn, related to the extent and quality of
irrigation. The technologically potential yield can be pushed up with research, but
there are physiological limits to the process that science has not yet overcome. The
present technologically potential yield, represented by yields commonly achieved on
experiment stations, is well above average national yields in the South and Southeast
Asian countries, leaving an adequate exploitable gap. Only in East Asia do actual
national yields approach their potential level, and in China this may be a serious
factor limiting future production growth.

Modern cultivars have a significantly higher yield potential than traditional
cultivars, and that advantage is most pronounced when they are grown on high-
quality (irrigated) land with fertilizer. Traditional cultivars also benefit from
irrigation and modest amounts of fertilizer, though. Much of the output growth
achieved during the past two decades can be traced to the use of these inputs, and
foreseeable continued yield growth will depend, to a large extent, on the remaining
potential to exploit these sources.

Irrigation. Irrigated rice land is the result of deliberate government decisions to
invest in irrigation construction and improvement, but creating irrigated land is
expensive, and hence governments and their financiers, the development banks, seek
to expand irrigated land no more rapidly than is needed to meet requirements.
Irrigation is usually so advantageous for farmers that it is automatically used when
made available.”! Thus, the rate of growth of irrigated land depends on national
policy decisions in most countries.

Fertilizer. The use of fertilizer is much more dependent on individual farmer
decision than irrigation. Governments can encourage fertilizer production or ensure
that fertilizer is imported, and governments can set fertilizer prices, but farmers
decide how much fertilizer they will use within the limits of availability and its
profitability on rice. Fertilizer used on rice in Asia increased substantially during the
1970s, according to the available information (Table 11). Its use has increased
especially rapidly where irrigation has been available and modern cultivars have
been used.

The increase in fertilizer use reflects a process of adoption — that is, farmers
become aware of, learn about, experiment with, and then habitually use fertilizer.
When all farmers have gone through the process and have arrived at their
equilibrium application level, adoption is complete. Hence one cannot simply
project a linear growth rate into the future. Given a technology, once farmers reach
an optimum level of use, growth in fertilizer will slow drastically. Better irrigation
and more responsive cultivars have the effect of maintaining high response ratios at
higher levels of input, but at some level there will be no more response to added

A possible explanation to this observation is the situation where the cost of the irrigation exceeds its
value and farmers are made to pay the full cost. However, such uneconomic projects are usually screened
out during the project selection stage.
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fertilizer (i.e., marginal returns diminish to zero). As a result, fertilizer use may
increase very rapidly over an initial period until most farmers are applying the level
that provides the initial high yield responses; after that further increases will be slow.

After farmers become familiar with fertilizer use and reach an equilibrium level,
the price of fertilizer relative to the price of rice becomes an important factor
determining changes in use. Therefore, in the projection model used here, both the
process of adoption and the optimum economic level are considered.

The spread of modern cultivars, like initial fertilizer use, is an adoption process.
Farmers experiment with and evaluate the new cultivars under their conditions; if
found suitable, the new cultivars are adopted. Experience with available modern
cultivars has shown that they are more rapidly and widely adopted by farmers who
have irrigation, and hence one would expect them to spread as irrigation expands.

To reflect the diminishing marginal returns to fertilizer and the complementarity
of modern cultivars, fertilizer, and irrigation, four different fertilizer response curves
have been used in projecting future production. These curves define the yield
response of modern cultivars with irrigation, modern cultivars without irrigation,
traditional cultivars with irrigation, and traditional cultivars without irrigation.
Differences in the proportion ofarea in the four types will result in differences in the
total fertilizer used and in the average rice yield in the country. Hence, increases in
irrigated area or adoption of modern cultivars will result in greater total use of
fertilizer even with constant prices.

The precise fertilizer response curves for each country have been adjusted slightly
to reflect the following conditions in each country: average national rice yields,
fertilizer application rates on rice, proportion of land of various qualities, and
changes in these factors over time. The equations on which the response functions
for each country are based are the following ones presented by David and Barker
(1978), based on an extensive review of experimental results:

Modern cultivars in irrigated fields:
Y = 2100 + 18N—0.19N?
Modern cultivars in rainfed fields:
Y= 1400 + 15N - 0.11N?
Traditional cultivars in irrigated fields:
Y = 2100 + 11N-0.13N?
Traditional cultivars in rainfed fields:
Y = 1400 + 9N - 0.16N?

While these fertilizer response functions appear to reflect rather low levels of
efficiency, the authors believe they do, in fact, reflect the levels obtained on a
nationwide basis, at least in many countries of South and Southeast Asia. Aside
from the fact that they were based on examination of a large number of fertilizer
response functions, it can be shown that if the response curves were substantially
higher than shown, predicted national rice production would have been higher than
it was in 1975 and 1980 in all of the countries for which fertilizer-use data are
available. Of course, in countries where little is known about how much fertilizer is
applied on rice, the estimates may be quite different.
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RESULTS BASED ON SELECTED COUNTRIES

Results have been obtained for eight countries that produced 85% of Asia’s rice in
1980 on 88% of Asia’s rice land. Table 12 shows the countries, their rice demand in
1980, and selected projections of demand. Although some important countries are
omitted from the exercise, the range of conditions included is broad enough to reflect
what is likely to happen in Asia as a whole.

If per capita incomes do not grow, population alone will generate an increased
demand of about 37% between 1980 and the year 2000. This result is dominated by
the rather modest population growth rate expected in China (1.3%/year by 1985). A
high rate of per capita income growth will result in about a 65% increase in demand,
only slightly higher than the 58% increase in demand expected with a medium
income growth rate. The bottom line shows the projected demand if one assumes
that demand growth in the other countries of Asia is similar to these. It indicates that
the demand for rice in Asia in the year 2000 is likely to be about 570 million t.

Table 13 shows selected variables from the projections made with two sets of
assumptions about input availability reflecting medium and fast rates of output
growth. In the medium projections, irrigated area is assumed to grow at
approximately the historical rate, and fertilizer availability to grow at about
5%/year. The two projections for China are similar because the assumption was
made that total rice area could not be expanded any faster than 1%/year during the
1980s and 0.5%/year during the 1990s. Because over 90% of China’s land is already
irrigated, there can be little increase in cropping intensity from that source. Fertilizer
use in China is projected to reach a rather high level in both cases even though in the
fast growth case hybrid rice is projected to spread more rapidly, and it has a higher
capacity to productively absorb fertilizer.

The medium projection for India reflects the past rate of growth in irrigated area
of 1.1%/year and a nearly constant total area of rice. Fertilizer use reaches an
average of 67 kg/ha over all land qualities with the medium growth projections. A
faster rate of irrigation and fertilizer growth gives a substantially higher level of
output with a somewhat higher level of fertilizer use.

The increases in area harvested are obtained because of investment in irrigation
which makes possible 2 rice crops/year from a fraction of irrigated area. In most
countries 30% of the newly irrigated area is assumed to produce 2 rice crops/year.

The fast rates of growth reflect about a doubling of historical irrigation growth
rates except in China, where all the potential area is nearly utilized. More fertilizer is
also made available and used in most cases in the fast projections. In the case of
Thailand, fertilizer is applied at relatively low average rates, because even with a
3.3% rate of growth of irrigated area about 50% of the area is still rainfed and uses no
fertilizer.

Table 14 summarizes the production projections and import requirements needed
to maintain a stable real price of output in each country. It is evident that even with
the rapid rates of growth implied by the fast projections, most countries in the region
will either have to improve their productivity or import or suffer significant price
increases despite the rather substantial increases in area planted to modern cultivars,
the high proportion of irrigated land, and the increased levels of fertilizer used.
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Substantial costs are involved in reaching the output levels reflected in these
projections. Fertilizer use is projected to expand from 6.13 in 1980 to 12.76 million t
(nutrients) by 2000. This figure, of course, represents only the fertilizer used on rice
and so cannot be directly compared with total available fertilizer. Investment in
irrigation necessary to achieve the “fast” output growth is estimated at over
$2 billion year over the period.

The projected rates of fertilizer use in these countries for the year 2000 are rather
modest in comparison with the rates used in Japan and Korea in 1980. This is
because the fertilizer productivity achievable in the South and Southeast Asian
countries is low compared with that in East Asia. If researchers achieve their goal of
understanding how to use fertilizer more efficiently in tropical rice production,
perhaps the optimal rates of use may be profitably increased and domestic
production can move above the levels indicated in Tables 13 and 14.

On the other hand, if real fertilizer prices rise, the rates of application are likely to
drop substantially, thereby reducing rice output. Table 15 shows the impact a
doubling of the fertilizer price has on the projections. Fertilizer demand is projected
at 8.1 million t of nutrients as compared with 12.9 million t with 1980 prices. Rice
production is projected to increase to 455.4 million t compared with 464.7 million t
with the low fertilizer price. Thus, another 6.2 million t of milled rice in addition to
the 54.7 million t shown in Table 14 would have to be imported to hold rice prices at
their 1980 levels.

The weight of these projections indicates that it will be difficult to meet demand
for rice in the year 2000 with the technology of today, even with very large
investments in irrigation and with rapidly increasing availability of fertilizer. In fact,
the capacity of the rice crop to effectively utilize high rates of fertilizer in the tropics
will limit the growth possible from that source. Unless a way is found to
continuously and substantially increase the productivity of land, water, and fertilizer
in tropical rice production, the surpluses that a number of countries have in 1982 will
disappear by the mid-1980s and will turn into large shortages by the 1990s.
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DISCUSSION

SCHARPENSEEL: From the annual requirement of about 300 million t of N for the terrestrial
vegetation, about 50 million t (16-20%) are produced as mineral fertilizer. The major part,
born by recycling and N-fixation, is input dependent. Since, according to your paper, natural
gas useful for urea production is even partly wasted, the question arises as to what extent
expensive research on organic N sources is economically useful, unless we give a special
allowance for side effects, such as improvement of soil stability, water, and nutrient-holding
capacity.

Herpr: We can make projections, but we cannot know what the future will be like.
Research on organic sources of N has several purposes: to develop technology in case
chemical N becomes very much more expensive, to understand how organic sources can be
made productive/viable, and to greatly increase the efficiency of production of organic
sources so that they can compete with cheap (or not so expensive) chemical sources. Thus, I
believe there is a need for research in this area. The question is, of course, how much.

DE DATtTA: If energy prices continue to increase, why will the price of urea not go up
proportionately?

HEerpr The cost of energy is only one factor affecting urea prices, but even it does not
necessarily have the same impact in all locations.

Natural gas is available almost free of cost in Bangladesh and Indonesia. Until alternative
uses for that gas are developed, it can be used to produce fertilizer at a very low price (see Table
4). That low-priced fertilizer will undercut other fertilizer produced at a higher cost.

AGBOOLA: The land area available for rice cultivation will continue to decrease because of
competition from other uses. Some land area will be lost because of soil abuse. In light of this,
do you think that your assumptions will hold in some of the African countries?

HEerpr: A large expanse of land is being cleared in that part of the world. Wrong
agronomic practices are being used. By soil abuse alone about 20% of the land being used for
cultivation now may be out ofproduction because of bad clearing methods, wrong agronomic
practices, mining, etc. I therefore feel the assumption about increase in land area for rice
cultivation may not work.

MARTINEZ: You mentioned that Asia is the largest user of N. Can you point out why?

HERDT: Asia is the largest user of fertilizer N probably because it has the largest area under
cultivation. Its needs for fertilizer will continue to grow rapidly because the rates of
application are still relatively low. If cheaper biological sources can be developed, then they
will fill part of the need.
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AMIEN: It seems that you emphasize only investing in huge irrigation projects to overcome
the rice shortage in developing countries. Since the investment in that kind of project is quite
expensive, don’t you think that developing dryland rice with proper management such as
applying organic fertilizers, mulching, etc. is a cheaper solution? Some of our experiments
showed some promising results.

Herpr: 1 am not aware of dryland rice systems in Asia that could give lower cost
production over the millions of hectares planted to wetland rice. It may be possible to develop
some such systems for part of the increased production needed, but they will only contribute a
small fraction of the needs.



POTENTIAL OF
ORGANIC MATERIALS
FOR SOIL
IMPROVEMENT

P. R. Hesse

The use of organic materials to improve soil conditions has
markedly increased in recent years. However, such increased use
has taken place mainly in dryland soils where crops other than rice
are grown.

The kinds of organic materials available for cycling or recycling
in rice soils are discussed in terms of availability and quality, but
the quantities often quoted in the literature are possibly misleading;
the potential quantities are, nevertheless, very large.

The effects of organic materials when incorporated into soils are
discussed in relation to physical, chemical, and microbiological
aspects, and it is concluded that the effects upon physical
properties are probably the most important in dryland soils; for
flooded soils more research is needed.

Certain known effects of organic materials on the yield and
growth of rice and the additional effects of mineral fertilizers are
discussed. The best results are from the complementary use of
mineral fertilizers and organic manures.

Finally, some management aspects of using organic materials
are discussed, and it is concluded that specific investigations into
methodologies are needed.

In recent years, worldwide awareness of the need to use renewable forms of energy
has revived the use of organic manures. Secondary reasons often given for the
increased use of organic materials are the need to improve environmental conditions
and public health, and the need to reduce costs of fertilizing crops.

In fact, the greatest benefit from cycling or recycling organic materials in soils is
the overall improvement in soil conditions: the development and maintenance of
structure, the improvement of physical properties, the decreased susceptibility to
erosion, the encouragement of microbial activity, and, possibly of less importance,
the provision of potentially available plant nutrients.

However, the increase in organic recycling has taken place predominantly in
dryland soils, where crops other than rice are usually grown. On the other hand, the
use of mineral fertilizers in irrigated areas has principally benefited rice. Possibly
in China has organic recycling in paddy soils been a continuing routine practice.

Regional Project Coordinator for Asia and the Pacific for Organic Recycling, Food and Agriculture
Organization of the United Nations, P.O. Box 3059, New Delhi 110003, India.
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KINDS OF AVAILABLE ORGANIC MATERIALS

The organic materials most commonly used to improve soil conditions and fertility
include farmyard manure, animal wastes, crop residues (either as such or
composted), commercial composts of urban origin, green manures, and night soil;
less common are sewage, its sludge, and organic wastes from industry.

These available organic materials can be further distinguished as specific kinds of
animal waste (pig dung, poultry droppings, bonemeal, etc), specific crop residues, or
parts of a crop; green manures can be those specifically grown for a purpose such as
Sesbania spp. or those that occur naturally such as weeds or water hyacinth. In most
cases, but especially for animal materials, the composition of the materials can be
extremely variable; there is no such thing, for example, as a standard cow dung.

The value and composition of a compost depend as much upon the composting
process as upon the original material. The same quantities of the same vegetable or
animal matter, for example, will give composts of different value according to the
location of decomposition (in a pit or in a heap), the amount of moisture maintained,
the degree of aeration, and the degree of protection from climate. If the material was
decomposed anaerobically — as in the case of biogas digester effluents — very
different end-products could result.

In rice-growing areas, the most abundant and easily available organic materials
are the rice straw itself and, in due course possibly, the rice husks. The next most
available materials are probably green manures of various kinds. In China, a large
proportion of the rice fields is devoted specifically to cultivation of green manures,
mainly milk vetch. Of specific relevance to rice production, especially under flooded
conditions, are blue-green algae. These algae are commonly used directly, when their
main contribution is N, or in symbiosis with the water fern azolla, when biomass is
also contributed.

The literature contains many references to the quantities of organic materials
available in the world for recycling and to their vast potential for supplying plant
nutrients. For example, Misra (1981) gives a figure of nearly 90 million tons of NPK
that could be obtained per year from animal and crop wastes in Asia, another 20
million tons being available from human wastes. The Food and Agriculture
Organization (1979) reports that 12,000 t rice straw year is available in the
Philippines alone. Such figures, however, can be misleading, as only the very
broadest of estimates, involving bold assumptions, can be made, and in any case the
materials have other potential value, which may take precedence over their use as
manure.

Organic resources and potential
Animal wastes. The excretion of dung and urine from domestic animals such as
cattle, sheep, goats, pigs, and poultry provides the potential for enormous quantities
of plant nutrients. For example, Gaur (1980) reports that 15tN and 4 t each of P and
K are potentially available from 1,000 t fresh cattle dung. Some countries take full
advantage of such potential for recycling plant nutrients, but in other countries
alternate uses (e.g., fuel) of the material compete with its agricultural uses.

Apart from animal manure, slaughterhouse wastes such as bones, blood, and skin
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also have potential for providing plant nutrients.

Human body wastes have greater potential than other animal wastes. An average
analysis of sewage has been given as 50 ppm N, 7 ppm P, and 25 ppm K (Gaur 1980),
and another calculation indicates that about 2 kg N, 0.2 kg P, and 0.8 kg K
(Takahashi 1978) are potentially available per year from one person. As yet this
potential is tapped seriously in only a very few countries.

Marine and fresh water animals have a certain potential, and in suitable parts of
the world fish meal, prawn dust, etc. are used as manures. Sometimes fish are caught
specifically to be used as crop manure, as in Oman, where sardines are netted and
used to manure the date palms.

Finally, for those who have access to the more exotic fauna, fresh elephant dung
contains 1.3% N, 0.3% P, and 0.1% K, with a C-N ratio of 43; fresh tiger dung has
2.8% N, 3.2% P, and 0.03% K, with a C-N ratio of 10; and fresh lion dung contains
3.6% N, 3.2% P, and 0.04% K, with a C-N ratio of 9 (S. Sein Win, pers. comm.).

Crop residues. Crop residues include such materials as straw, stalks, husks, and
leaves. Some typical nutrient potential figures are 0.5% N, 0.3% P, and 1.2% K for
cereal straw (Gaur 1980); 0.7% N, 0.1% P, and 1.4% K for maize stover; and 0.6% N,
0.1% P, and 0.4% K for rice chaff (Yamamoto and Teramoto 1978). Legume
residues have considerably more potential for quality but much less for quantity. In
addition to NPK, rice straw is a valuable source of silica. Its potential is widely
utilized in the Republic of Korea, where silica has proved to be an essential additive
for good rice yield.

Crop residues can be recycled in three ways: after composting, by direct
incorporation into the soil, or by mulching. One analysis of rural crop waste
compost gave 0.8% N, 0.2% P, and 0.4% K (GOI 1978); another gave 1.9% N, 0.2%
P, and 3.1% K; and yet another analysis showed 2.3% N, 0.4% P, and 1.6% K
(Kurihara 1978). These figures illustrate the variations that can occur in composts.

Green manures. Legume plants are grown for fixing atmospheric N before being
incorporated into the soil; it is believed that this beneficial effect is gained by the
current crop only and that there is little residual or cumulative benefit. Crotalaria
spp. contains, on the average, about 4% N, Sesbania spp. 3% N, and azolla 4-5% N.

Non-nitrogen-fixing plants are sometimes used as green manure. Examples are
water hyacinth, other water plants, numerous species of weeds, and tree leaves.
However, it is more usual to compost these materials before use. In the case of water
hyacinth, it is important to know the origin, as plants grown on polluted waters can
obtain high amounts of elements toxic to food crops. This water plant contains
about 0.4% to 0.04% N, 0.03% P, and 0.2% K when fresh. Yields of water hyacinth
are approximately 250 t/ha. An application of water hyacinth compost at 10 t/ha
has been recommended for rice (Gaur 1980).

Urban wastes. The principal organic waste produced in urban areas is sewage,
which has already been discussed. The next most prolific organic material is that
contained in city garbage. Garbage is treated (usually) by composting and yields
products of different quality according to the original material; one analysis shows
equal parts (1%) of N, P, and K (GOI 1978). Two more sets of figures are 3.11% N,
0.54% P, 2.60% K, and 1.24% N, 0.26% P, 1.29% K (Kurihara 1978). Thus, as in the
case of rural composts, no average analysis can be given. City waste compost is
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sometimes enriched with plant nutrients, and its quality can be improved by
including sewage sludge in the process.

In Indonesia, fresh garbage is used as a mulch and, in due course, nonvegetable
matter such as tins, glass, and plastic are removed and the residue is dug into the soil.
This procedure, however, is hardly of interest to rice farmers.

EFFECTS OF ORGANIC MATTER ON SOIL PROPERTIES

Physical properties

The overall, general effect of organic matter is to improve soil physical properties,
most of which are related to soil productivity. Some of these properties have more
relevance to dryland soils than to flooded soils and thus are possibly not so
important for rice as for other crops.

Organic manures can counteract the deleterious effect upon bulk density that may
be caused by the continued use of mineral fertilizers; they can increase the
proportion of water-stable aggregates and increase water-holding capacity. Generally,
organic materials with high C-N ratios like straw and husks have more effect upon
soil physical properties than decomposed or semidecomposed materials such as
compost. Thus in situ decomposition has been shown to give better results than
predecomposition. Although organic matter decomposes over a wide range of soil
moisture contents — from wilting point to saturation — in very wet soils the rate of
decomposition falls off because of lack of oxygen, and organic matter tends to
accumulate. Thus the beneficial effects upon soil physical properties resulting from
organic matter decomposition are problematical in flooded soils.

Chemical and physicochemical effects
Again, the bulk of research into the effects of organic matter upon soil chemical
properties has been done on dryland crop soils; relatively little research has been done
on flooded rice soils. Most of the research on flooded soils has been done at the
International Rice Research Institute.

Addition of organic materials to a flooded soil has several effects upon the chemical
properties which, in turn, affect the growth ofrice. As the material decomposes, albeit
slowly, CO, is formed, which can liberate certain forms of fixed P, directly influence
the photosynthetic process of rice plants, and form complex compounds with Fe and
Mn. Other more complex chemical reactions are the formation of C,H, (now known
to be involved with pathogen control) and of certain growth-promoting substances.
An unavoidable effect of decomposing organic matter is a lowering of the oxidation-
reduction potential with its numerous associated reactions such as reduction of sulfate
and iron.

In most soils the continued use of mineral N fertilizers tends to lower pH values,
and organic manures have a buffering effect. Aluminum-induced acidity, if present,
can be partially remedied by organic matter complexing with the Al In very acid
soils such as acid-sulfate soils, however, the rate of organic matter decomposition is
not sufficient to effectively change the pH values by this process.

Saline soils, too, inhibit certain phases of organic matter decomposition, although
the precise mechanisms are yet to be satisfactorily explained. Salts depress the
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solubility of organic matter, and it is the soluble fraction that is most readily
decomposed, Also, an increase in osmotic potential reduces oxidation of carbon.

One positive effect of organic materials added to soil is an increase in cation
exchange capacity; an increase in total C is likely to be more noticeable in flooded
soils than in dryland soils where, usually, no spectacular buildup of C occurs.
Immediate changes in total N and, especially, available N will depend largely upon
microbial activity, but an increase in potentially available N could be expected. For
nonflooded soils experimental data show that mature compost has longer lasting but
less immediate effects upon N availability than animal manures.

The most spectacular effect upon N availability is given by certain N-fixing green
manures, particularly azolla and blue-green algae. In parts of China it is the practice
to manure the azolla nursery beds with compost made from rice straw and river silt;
the benefit is presumably due to nutrients other than N, such as P. Azolla can
provide approximately 1.5 kg N/ha per day, which is about 500 kg N/ha per year;
blue-green algae can provide up to 30 kg N/ha every season.

Organic manures can increase the availability of P in several ways. The P itselfcan
increase because of mineralization of the organic P added, although the increase is
not likely to be rapid in flooded soils; the organic matter can complex Al and Fe
from their phosphates and, through CO, formation, can liberate Ca-bound P, on the
other hand, increased microbial action can lead to fixation of available P in organic
forms. So far as dryland soils are concerned, it has been found that compost made
from city wastes is more effective than farmyard manure for increasing available P.

Organic manures can be a good source of micronutrients, and flooded conditions
with low oxidation potentials may be more prone to benefit from them. However,
certain organic materials can fix large quantities of micronutrients; the take-up of
Cu by peaty materials is a well-known example. In some flooded rice soils rich in
peaty material, such as ex-mangrove-bearing soils, the addition of Cu is almost
essential for rice production.

Microbialproperties

Organic manures, whatever their origin, have a high microbial population and
stimulate general microbial activity in soils. Adding compost to peaty soils appears
to be a waste of time but, in fact, is a good practice because it induces microbial
activity.

Several experiments have shown that the better effects of the effluents from biogas
digesters, compared with those of composts or farmyard manures, are not
attributable to nutrient supply; the effect is now thought to be microbial.

Humic substances extracted from manures increase the efficiency of N-fixing
organisms like Rhizobium and Azotobacter.

EFFECTS OF ORGANIC MATTER ON GROWTH AND YIELD OF RICE

As previously stated, the greatest benefit from recycling or cycling organic materials
in soil is the overall improvement of soil conditions. The improved physical
condition of the soil alone can result in better crop growth and yield, although such
effects are more relevant to dryland rice than to flooded paddy fields. The amended
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physical conditions and, more important, the enhanced microbial activity, can
increase the availability of nutrients. The nutrients, including micronutrients such as
Mn, Cu, Zn, and Fe, added as part of the organic matter, eventually become
available. Additionally, humic substances and their decomposition products can
favorably affect the growth and metabolism of plants and have been reported to
control the proliferation of parasitic nematodes and reduce the toxic effects of
pesticides. For example, fulvic acid fractions of humus prepared from farmyard
manure and applied at 0.03% and 0.05% increased the yield of rice by 56% and 85%,
respectively (Gaur 1980).

Fresh organic materials are relatively low in available nutrients, and pretreatment,
by composting for example, can give better crop response depending upon the
degree of decomposition of the organic matter as well as upon its basic nutrient
content. On dryland soils the fresh materials can be used as a mulch before being
incorporated into the soil.

In Indonesia it is a common practice to compost the straw of the first rice crop in
one corner of the field and incorporate it into the soil for the next crop.

Rice straw has been found to increase the yield of rice in India to the same extent
as (NH,),SO, if applied at equivalent N-containing rates, although a general finding
is that the addition of mineral N together with straw is a better practice.
Alternatively, repeated recycling of rice straw can result in a significant increase in
organic matter, K, and silica. A comparison of rice straw and farmyard manure as
rice manures showed increases of yield in both cases but significantly more (nearly
double) for the farmyard manure.

In Japan (Shimizu 1978), application of stable manure at 1,100 kg/ha increased
wetland rice yield by 10%, and in long-term experiments the more manure used and
the longer the period of application, the greater the effect upon yield. The crop
response was greatest in years with unfavorable weather conditions such as cold
spells. The experiments in Japan were expanded to investigate other organic
manures such as compost and fresh cattle dung, with and without mineral fertilizers.
As might be expected, complementary use was the most effective.

In Burma (Thant 1978), a long-term experiment showed that farmyard manure
had a longer lasting effect upon rice yield than did mineral fertilizers. In Thailand
(Jugsujinda et al 1978), a long-term comparison of city waste compost and farmyard
manure found that yield increases were proportional to amounts of manure added,
but again the best yields were obtained with complementary use of mineral
fertilizers.

Data from a long-term experiment on combined application of organic manures
(farmyard manure and crop residues) and mineral fertilizers for four seasons in India
(Pillai 1978) show the usefulness of at least one application of farmyard manure in a
season over a moderate level of mineral N; for crop residues the results were not
consistent. Other experiments in India have shown that 12 t manure/ha can save up
to 70 kg N/ha and gives a residual effect equivalent to 30 kg N/ha and 13 kg P/ha.
Results, however, vary considerably according to location, soil type, climate, and
other agroecological factors.

Pillai and Vamadevan (1978) carried out experiments with organo-inorganic
combinations of compost and farmyard manure with urea. The granulated compost
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contained 44% organic material, 25% diammonium phosphate, 22% single super-
phosphate, 8% KCl, and 1% urea. The farmyard manure mixture was made by
treating dry manure with urea solution to give a product containing 5% N. Rice
yields were higher with application of manure-fertilizer combinations than with
application of separate materials. Similarly Shinde (1975) found that a slow-release
N source for rice was effectively formed by blending rice straw, urea, and soil into
balls.

Green manures have been found to increase rice yield, and applying green
manures such as cowpea can save up to 75 kg N, ha; Sesbania has been found to save
up to 120 kg N/ha. Increased rice yields have been obtained in Nepal by green
manuring after the fields are flooded, but if mineral fertilizers are also used, yields are
better (Rajbhandari and Shah 1981).

The use of azolla and blue-green algae is a special case of using organic materials.
Popularly, although somewhat inaccurately, referred to as “biofertilizers,” these
plants can save considerable amounts of mineral N fertilizer. Some claims have been
made that they can completely replace N fertilizers; in one case in Sri Lanka
(Uppawansa, pers. comm.) it was said that the azolla had to be frequently harvested
from the paddy fields because it was causing the rice crop to suffer from excess N.
However, a more general finding is that some mineral N must be used in conjunction
with the azolla or algae.

Special mention should be made of anaerobically produced organic manure as a
byproduct from biogas production. During aerobic decomposition of organic
materials a loss of some plant nutrients is unavoidable because of volatilization and
leaching. If anaerobic digestion is used instead of aerobic composting, such losses
are much less. Furthermore, anaerobically produced compost is in a better physical
condition; when dried it is finely divided and more easily incorporated into the soil.
In China, particularly, field experiments have shown the superiority of biogas
effluents over ordinary compost (made from identical inputs) with respect to plant
nutrient supply and yield response of rice.

It has also been suggested that the best way of using rice straw is to feed it to
animals and use the animal waste as manure; such a practice could well be integrated
with biogas technology.

MANAGEMEST ASPECTS

The actual use of organic materials for agriculture is not entirely a straightforward
operation. This was clear from the almost universal changeover to mineral fertilizers
when they became easily obtainable. As one example, in Japan the use of organic
manures on paddy fields dropped from 6.5 t/ ha in 1955 to 2.7 t/ ha in 1975, this being
paralleled by an increase from 0.08 t/ha to 0.30 t/ha in use of mineral fertilizers
(Shimizu 1978). The greater ease of handling, storage, and application of mineral
fertilizers and their quick and dramatic results have led to the abandonment of
organic manures in their favor.

Organic materials, especially those thought of as “wastes,” are in general very
bulky, requiring time-consuming and labor-intensive collection, storage, transport,
and application. They are also usually in a physical state that makes handling and
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transport difficult and unpleasant.

Another problem is the technical one of how to best use organic manures. At
present manuring is an art, and often a very inefficient one. The methodology of
applying mineral fertilizers and soil amendments has received and is receiving
intensive attention. The untold amounts of data, statistics, and argument produced
by laboratory and field experiments have resulted in more efficient use of the
materials being investigated. There are very few such results for organic manures;
probably the work done on blue-green algae and azolla is the nearest approach so
far, but much remains to be done.

A recent World Bank study (1976) estimated that the world is spending $200
billion a year in disposing of its so-called wastes. Replacing the concept of disposal
with that of recycling thus has vast economic implications as well as those involving
soil and environment improvement.
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DISCUSSION

PALANIAPPAN: A gradual and small-scale input of human waste or sludge into a river
system is probably alright, but an increased dumping as a regular practice is bound to bring
about B. O. D. problems. In effect, it will pollute the river system. Are you encouraging such a
practice?

HEsse: No, naturally we do not advocate such a practice. On the contrary, we recommend
that organic wastes should never be discharged into waterways. For example, in Hong Kong it
was the practice to rinse pig sties into the streams, causing extreme pollution. We have now
introduced a single composting procedure instead.

PaLaniapPaN: If a silty slime is mixed with straw materials, the decomposition my come
to a standstill, resulting in the formation of concretions. How do you think they use this as
compost?

The effluent that comes out of palm oil mills in Malaysia is nontoxic and, at the same time,
very rich in its available plant nutrients, especially N. We have successfully applied it to tin
tailings (sand) to raise tomatoes, maize, groundnut, etc. A team of us are involved in various
aspects of the research aimed at finding multiple uses of the effluent, the prominent one being
toward its use as an organic manure after partial decomposition.

HEsse: Experience in China indicates that decomposition is sufficient for the material to be
an efficient compost. Possibly waterlogged conditions help.

AGBOOLA: From my own point of view, green manuring in its present form doesn’t seem to
have great potential in the humid tropics. Apart from the fact that it only benefits the
succeeding crop, it occupies the land without contributing any cash or food; it also increases
the rate of organic decomposition and needs inorganic P for maximum production. There are
other sources — banana, cassava peelings, cocoa husk, oil palm waste, and city waste. All
these have potentials in the humid tropics. Would you comment?

HEsse: 1t is true that, in general, the beneficial effect of a green manure is on the succeeding
crop (especially if you are concerned solely with nutrient supply), but that in itself is surely a
point in its favor. With regard to the green manure occupying land, this is partly a question of
economics. Some green manures can also provide foodstuffs; others can be grown along with
another crop, or around the edges of fields, along irrigation ditches, and so on, There is, I am
sure, a very great potential for “green manure trees” like the ipil-ipil, which has multifarious
advantages.

CHAUDHARY: You have thrown light on organic matter sources and their potentials, but
have not mentioned the effect of decomposed and undecomposed sawdust, banana stems/
leaves on the yield of crops and soil properties. Would you comment?

HEsse: The principal use of sawdust is in composting of wet animal wastes when it acts as
an absorbent of excess moisture. Work has been done on the use of banana residues, but I
have no data immediately available.

CHAUDHARY: Have you any idea of conserving organic matter in the field on the spot by
burying roots and stubble in the field in conjunction with urea g S. S. P.?

HEsse: Although burying of roots and stubble is widely practiced, few farmers seem to
combine this with mineral fertilization, which they do at a later stage. Some research on this is
being done in India, Indonesia, and Korea with encouraging results; in some cases a
leguminous green manure is added instead of mineral fertilizer, and this has also given
promising results.

Gaur: The results of field experiments conducted with organic matter in temperate
conditions cannot be immediately applied in tropical or subtropical conditions because
specific technologies can be developed for recycling of straw depending on agroclimatic
conditions, crop rotation, and so on. Our results showed that 1 week of decomposition of
straw in submerged conditions was sufficient for higher yields of rice.






UTILIZATION OF
ORGANIC MATERIALS
IN RICE PRODUCTION

IN CHINA

Qi-xiao Wen

In the main rice-growing regions of China, the amount of organic
manure applied has doubled since 1952. In 1979 organic matter
provided about 1/3 of the N, 1/2 of the P, and almost all of the K
applied and over 1/2 of the organic materials entering the soils. It is
believed that organic manure and chemical fertilizers complement
each other in intensive agriculture.

Green manure, straw incorporation, waterlogged compost, farm-
yard manure, and biogas production are evaluated, and the
potentiality of increasing organic manure is indicated.

China has long used organic materials as manures. Historical records from the third
century B.C. describe how the ancient Chinese plowed under weeds and processed
animal bones as fertilizer. In the third century A.D., a vetch — rice rotation was
developed. Using human and animal excreta as fertilizer was practiced even earlier
than plowing under weeds (Shi 1957, Wang 1980). These rotation and fertilization
methods utilizing organic matter have maintained soil productivity despite several
thousand years of continuous farming. In fact, some areas have developed quite
high-yielding soils.

Rice is the principal food in China. Over the past 10 years, it has accounted for
about 29% of the total harvested area of food crops of the whole country, while its
output makes up about 45% of the total grain and tuber production (Editorial
Committee of Almanac of China’s Agriculture 1981). This paper discusses the
utilization of organic materials mainly in the tropical and subtropical zones south of
the Huai River, where rice cultivation is centered.

ROLES OF ORGANIC MATERIALS IN RICE PRODUCTION

Role in nutrient supply
Although chemical fertilizer was first used in China in the 1930s, its level of
utilization was not significant until the 1950s. Side by side with the burgeoning
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chemical fertilizer industry, much work has been done to develop organic manure
resources and promote recycling in the effort to increase crop yields. By selecting
more adaptable varieties of green manure crops, inoculating rhizobium, applying
phosphatic fertilizer, and utilizing other cultivation techniques (Gu and Wen 1981),
the total area of leguminous green manure crops and azolla in this region was
increased from 2.45 million ha in 1952 to 7.82 million ha in 1979, representing
346,000 t N, 88,000 t P, and 236,000 t K in 1979, figures about 2.2 times higher than
those of 1952.

With the increasing quantity of crop stubble brought about by the increasing
supply of N for crops, and with the development of more fodder sources — including
the cultivation of aquatic plants as fodder crops — the number of domestic animals
has increased, accompanied by an increase in farmyard manures. Domestic pigs,
cattle, and sheep increased by 2.6, 0.2, and 2.7 times, respectively, from 1952 to 1979.
Here mention should be made that aquatic plants have the ability to absorb from the
water nutrients that are present at very low concentrations (Li et al 1980). Thus, by
cultivating aquatic plants, not only can a large amount of organic material be
obtained, but also some nutrients that have been leached out of the soil can be
recovered.

In addition to leguminous green manure, azolla, and farmyard manure, other
major organic wastes are human excreta, straw, and rape seed cake. River mud is
also used as fertilizer to a fairly large extent, especially in areas with a network of
waterways, as it consists mainly of eroded surface soils and some decomposed
aquatic plants and animals. However, it is impossible to estimate the amount of
nutrients in the mud contributed by the decomposed aquatic plants and animals.
Macronutrients derived from these major organic wastes (except river mud) applied
to the soil amounted in 1979 to approximately 7.41 million t, of which 2.15 million t
were N, 0.8 million t P, and 2.9 million t K, making up about 1/3 ofthe N, 1/2 of'the
P, and almost all of the K applied to the soil that year. This indicates that, although
the production and application of chemical fertilizer has increased rapidly in China,
organic manures still contribute significantly to the supply of N and P, and especially
to the alleviation of the deficiency of K (Table 1).

Besides N, P, and K, organic manures also supply the soil with micronutrients
such as B, Zn, Cu, Mo, Ca, and Si, thus preventing micronutrient deficiencies in
spite of the long history of cultivation. A micronutrient deficiency that occurs in an
area may be due to a) the parent material of the soil being poor in micronutrients; b)
a new variety of crops with a greater demand for certain micronutrients having
replaced a traditional variety (e.g., Ganlan rape has replaced Shengli rape); c)
changes in soil water regime (e.g., poor drainage); or d) antagonism between
nutrients (e.g., Zn deficiency resulting from excessive application of phosphatic
fertilizer).

Although the total amount of organic manures used in rice produced in China has
increased since 1949, their relative contribution to the total need for N has on the
average decreased. It appears that the higher the level of intensive agriculture, the
lower is the ratio of organic manure N to chemical fertilizer N, and the higher the
proportion of farmyard manure N in organic manure N (Huang et al 1981, Hseung
etal 1980, Lu 1981, Xi 1981).
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Table 1. Estimated use of organic manures in the main rice-growing region of China, 1979.“

Quantity Nutrient content (%) Loss of Nutrients (103 t)

available nitrogen

(1%t N P K (%) N P K
Human feces” 34.6 1.0 022 031 40 207 76.12  106.24
Human urine® 84.0 0.5 0.06 0.16 50 210 47.63 132.80
Cattle feces? 162 0.32 0.11 0.12 35 337 176.98 201.69
Cattle urine® 322 0.5 0.01 0.79 40 97 437 25398
Pig feces’ 148 0.5 0.18 042 40 444  259.14 615.03
Pig urine & 152 0.3 0.03 0.33 50 227 39.77 502.98
Goat and sheep feces.h 6.7 0.65 022 0.21 40 26 14.86 14.11
Goat and sheep urine’ 0.6 1.40 0.01 1.74 50 4 - 9.96
Plant residues”’ 32.6 0.6 0.09 1.08 - 195 28.40 352.75
Straw ash® 70.1 0.6 0.09 1.08 - - 55.06 529.54
Green manures’ 11.9 2.74 0.31 1.59 - 327 36.71 189.24
Azolla 8.8 0.22 0.02 0.07 - 19 1.75 6.64
Rape seed cake 1.3 4.6 1.10 1.16 - 60 13.98 14.94

Total 2153 75477 29299

“Source: 1980 Almanac of China’s Agriculture (Editorial Committee of Almanac of China’s
Agriculture, 1981). bgo kg per capita, 80% available; population 480 million. “350 kg per
capita, 50% available. 454 t/head per yr, 70% available; population 42.9 million. °3 t/head per
yr, 25% available. 70.95 t/head, 90% available; population 173 million. #1.25 t/head per yr, 70%
available. %’0.35 t/head per yr, 50% available; population 38 million. ‘0.15 t/head per yr, 10%
available. /825 kg/ha per yr. kAssuming 146 kg straw is used as fuel per capita, loss of P = 10%,
loss of K = 30%. /15 t/ha, 7.8 million ha.

Opinions on the role of organic manures in intensive agriculture differ (Carter
1980, Okamoto 1975, Tanaka 1975); some scientists favor organic agriculture and
others believe that organic manures can be replaced by chemical fertilizers. In China,
organic manure and chemical fertilizer complement each other. Without chemical
fertilizer, it is impossible to increase food production; on the other hand, relying
solely on chemical fertilizer leads not only to the waste of large amounts of natural
resources and to environmental pollution, but also to the depletion of soil organic
matter content.

Role in maintaining soil organic matter content

Soil organic matter and soil fertility. Soil fertility includes all the physical, chemical,
and biological properties of soil that are closely related to the growth of crops. Soil
organic matter plays an important role in soil fertility. First of all, organic matter is
the major source of nutrients, especially N, in rice nutrition. Experiments have
shown that, even in the case of high yields of rice, N derived from the soil still makes
up about 76% of the total uptake of N of single-cropped rice and 56% of that of
double-cropped early rice (Chu et al 1978). Generally, the higher the organic matter
content, the higher the N-supplying capacity of the soil.

Soil organic matter helps give the soil greater buffering capacity with respect to
nutrients — the rice growing on those soils neither suffers from starvation caused by
inadequate application of fertilizer nor shows luxurious growth when heavily
fertilized. In the Chinese farmers’ experience, to achieve a higher rice yield (>6 t/ ha)
on soil with low organic matter content, it is necessary to apply more chemical
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fertilizer, but a stable yield will be far from ensured unless the soil has high organic
matter content.

Moreover, soil organic matter is favorable to the improvement of the physical
properties of soil, which in turn not only helps speed up the growth of roots of
dryland crops in rotation with rice, but also facilitates regulation of the soil water
regime and thus regulates the uptake of nutrients by rice plants through water
management. It has been found (X. L. Yao, and D. F. Yu, Institute of Soil Science,
Academia Sinica, unpubl. data) that the mean weight-diameter of soil aggregates
increases with an increase in soil organic matter content. Since soils with aggregates
of low mean weight-diameter are difficult to drain and show normal shrinkage
during dehydration, the air status and the uptake of nutrients by rice plants are hard
to regulate by water management.

The content of organic matter in paddy soils varies greatly among different areas.
Paddy soils in the areas of Tai Lake, Dongting Lake, and the Pearl River Delta are
higher in organic matter content, generally ranging from 2.5 to 3.0%, while those in
the Yangtze-Huai River Plain are lower, ranging from 1.0 to 1.5%. According to
farmers’ experience, under present agricultural systems of China the proper organic
matter content of high fertility paddy soils generally ranges from 2 to 4%. In
well-drained soils in the same area, the organic matter content, within a certain
range, is significantly correlated with soil productivity (Institute of Soils and
Fertilizer, Agricultural Academy of Zhejiang 1982; Liu and Zhao 1982).

Contribution of organic manures. The content of soil organic matter depends on
the relative amounts decomposed and formed annually. So far no method is
available for a direct determination of the annual decomposition rate of soil organic
matter in the field. Judged from the amount of soil N absorbed yearly by crops
(including rice and wheat) and from the N reserves in the 0- to 20-cm soil layer, the
mineralization rate of soil organic N, generally being 4-5% per year, varies widely
with soil type, texture, pH, etc. Since the soil yearly N uptake by crops is not derived
completely from the mineralization of soil organic matter, but also comes from such
sources as precipitation, irrigation water, and both nonsymbiotic and symbiotic N
fixation, and, moreover, since the mineralization rate between organic N and
organic C is not strictly proportional, the figure of 4-5% is at best approximate. It
does not correspond exactly to the mineralization rate of soil organic C.

The amount of soil organic matter formed depends upon the amount of organic
material and its humification coefficient — the fraction of organic C left after 1 year
of decomposition — which varies with chemical composition. As a rule, the higher
the lignin content, the higher is the humification coefficient (Lin et al 1980, Cheng et
al 1981). Both soil properties and climatic conditions affect the humification
coefficient. In the black soil zone it is significantly higher than that in the yellowish-
brown soil zone. However, there is little difference between the humification
coefficient in the yellowish-brown soil zone and that in the red soil zone.

There are two ways to introduce organic materials into the soil, i.e., the natural
return through roots, stubble, sloughed-off roots, and root exudates, and artificial
application in the form of organic manures. For cereal crops the sloughed-off roots
and root exudates may amount to 12-18% of the photosynthate (Oades 1978). Based
on 1979 data, it is roughly estimated that in this region of China, the organic material
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(except sloughed-off roots and root exudates) entering into the soil that year in the
form of organic manures made up 67% of the total input (Table 2).

In recent years, because of an increase in the rate of application of both organic
manure and chemical fertilizer, and also because of an increase in cropping index in
some areas, the content of soil organic matter, with a few exceptions, is reported to
be on the increase (Xu et al 1980, Xi 1981). Of the increase of soil organic matter
content in the Suzhou District, Jiangsu Province, 25% has been estimated to be due
to the increasing amount of roots and stubble and 58% to the increasing application
of organic manures.

Poor drainage favors the accumulation of soil organic matter. The organic matter
content of paddy soils with poor drainage and that of bog soils are commonly higher
than that of dry soils, normally ranging from 3.5 to 6%, and sometimes higher than
20%. For these soils, improvements in water regime are of prime importance, as the
organic matter content does not reflect soil fertility. Nevertheless, because of the
slower mineralization rate of organic matter (Cai and Zhu 1982), organic manures
must be applied, even after the water regime has been improved, to form additional
active organic matter.

Table 2. Annual contribution of various organic materials to soil organic matter content

Soil organic

. . Dry matter C Humification
Organic material N - matter formed
(kg/ha) (%) coefficient (ke/ha)
Naturally returning
Rice root 557 46 0.50 211
Rice stubble 452 43 0.23 77
Wheat, barley, and 82 37 0.32 16
millet root
Wheat, barley, and 88 52 0.31 24
millet stubble
Fallen leaves of rape 59 44 0.18 8
and soybean
Roots of green manure 65 47 0.40 21
Subtotal 1305 368.8
Organic manure
Aerial part of green 300 49 0.20 50
manure
Azolla 12 43 0.43 3
Straw 825 43 0.23 141
Pig feces 563 44 0.52 220
Pig urine 96 37 0.10 6
Cattle feces 596 40 0.58 238
Cattle urine 23 37 0.10 1
Goat and sheep feces 47 40 0.58 19
Goat and sheep urine 1 31 0.10 0
Human feces 156 42 0.50 56
Human urine 56 37 0.10 3
Rape seed cake 32 40 0.20 4
Subtotal 2710 745

Total 4015 1114
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MANNER OF USING ORGANIC MATERIALS AS FERTILIZER

In China, various methods have been developed to make full use of plant organic
materials (Jin 1982). Among such methods are a) direct application as fertilizer,
b) initial use as feed, then as fertilizer, and c) initial use as fuel, then as fertilizer.

Organic materials used directly as manure

In addition to being used partly as domestic animal feed and as raw materials for
waterlogged compost and biogas fermentation, most winter green manures are used
directly as basal dressing for rice, generally with an application rate of 15-30 t/ha
(fresh weight). Excessive application will lead to low efficiency and even to a
reduction in grain yield. It is better to plow under the green manure about 15 days
before transplanting rice seedlings so that the plants do not suffer damage from the
decomposition products of the green manure and so that the growing period of green
manure crops might be extended as long as possible for obtaining still more organic
material and N. Ifthe rice seedlings are transplanted 10 days after plowing under, it is
especially important to regulate the water regime carefully in the early stages of
growth.

The effect of winter green manures on rice yield varies with the level of soil fertility,
rate of application, and rice cultivar. In general, a ton of green manure (fresh weight)
will cause an increase in rice yield by 30-80 kg, with a N utilization rate of
28.0 + 10.9% (Table 3). Under different methods of utilization, such as green
manuring and composting with mud, there are different patterns of N supply,
although there is little difference in the effect on rice yield. Using 1.25 t (fresh weight)
of milk vetch as pig fodder caused the pig’s weight to increase by 26.5 kg, and
application of the resultant excreta to the rice plant caused a grain increase of 27 kg.
Direct application of the same amount of milk vetch gave a comparable grain
increase. It seems that the utilization of green manure crops in this way is more
profitable (Gu and Wen 1981).

As a rule, azolla and sesbania may be used not only as basal dressing but also as
topdressing. Since the azolla is higher in lignin content, slower in decomposition,
and also slower in N liberation (Shi et al 1978), it is important to incorporate it into
the soil at the proper time to prevent delayed maturing in the rice plants.

Straw has a rather wide C-N ratio. Although when it is incorporated, a

Table 3. Plant recovery of nitrogen from different organic manures.?

N recovery (%) by

Milk vetch Azolla Pig manure Waterlogged
compost
Pot experiment 46.5 £ 16.6 314+ 12.7 284 + 4.0 -
(m=11) (n=12) (n=4)
Field experiment 28.0 = 10.9 28.1 134 + 3.1 15.0 £ 5.1
(n=5) (n=15) (n=15)

“Compiled from published and unpublished data obtained by the Institute of Soil Science, Aca-
demia Sinica, and provincial and regional Institutes of Soil and Fertilizer, Chinese Academy of
Agricultural Sciences.
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considerable part of its N may be utilized by late rice (Mo and Qian 1981a), this is
possibly only the result of biological interchange. Experimental results indicate that
N immobilized during the initial stages of straw decomposition remains in-
completely remineralized even after 100 days (Lin et al 1980). To avoid any
unfavorable effect of direct application of straw, in addition to increasing the rate of
application of N fertilizer slightly, it is better to control the application rate of straw
at around 1.5 t early rice straw/ha, to lime before plowing, and to transplant late rice
15 days after plowing.

On most paddy soils, straw incorporation has little effect on the yield of the
current rice crop but always has a favorable effect on the succeeding dryland crops.
In some K-deficient or Si-deficient paddy soils, however, straw incorporation will
raise the grain yield of the current rice crop to a notable extent because of its higher
content of both K and Si (Mo and Qian 1981b, Yiyang Institute of Agricultural
Science, Hunan Province 1981).

Waterlogged compost
Waterlogged compost is made from such raw materials as river mud, straw, green
manure (or weeds and aquatic plants), farmyard manure, and human excreta and is
composted under waterlogged conditions. A traditional practice is to mix damp
river mud with straw in winter; after drying up, the mixture is placed in a pit in a
corner of the field with a moderate amount of farmyard manure; additional aquatic
plants or leguminous green manure are added later; each time materials are added, a
thorough mixing and turning is needed. Combinations of raw materials differ widely
from place to place; hence there are large variations in the nutrient content of
waterlogged compost, e.g., N ranging commonly from 0.18 to 0.40% and P from
0.06 to 0.11%.
The advantages of waterlogged compost are as follows (Research Group of
Tsao-Tung-Ni 1959):
® Because it is composted under waterlogged conditions, the mineral N exists as
NH,"-N, and therefore the loss of N through denitrification is greatly reduced
after being applied to paddy fields.
® The N-supplying characteristics are steady and lasting, with a N utilization rate
of 15 + 5.7%.
® Waterlogged composting is one way of preventing loss of organic wastes during
storage and of avoiding harmful effects on rice plants of organic wastes when
they are directly incorporated into the soil.
® Not only does the fertile river mud contain an abundant amount of N, K, etc.,
but river mud with less organic matter always contains more available K.
® Using river mud helps alleviate the silting up of streams and lakes and raises the
field surface level, thus improving soil drainage conditions. For some paddy
soils, there is also an improvement of soil texture.
® Since waterlogged composting pits are scattered in various fields and the raw
materials are all transported in the slack farming season, the shortage of labor in
the busy farming season is alleviated.
Nevertheless, collection of river mud is fairly labor consuming, and it would be
better to lower the proportion of river mud in waterlogged compost.
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Farmyard manure

There are two kinds of farmyard manure: liquid manure and “dry” manure. Liquid
manure is composed of cattle, pig, and human excreta in various proportions, plus
washings; it is used after fermentation as topdressing for rice plants. Most “dry”
cattle manure is used as a basal dressing for dryland crops in rotation with rice. Pig
manure is generally used as a basal dressing for rice and dryland crops. Its
composition varies greatly with the age of the pig, the quality of feed, and the
bedding materials used (rice straw or dried mud). The N supply of pig manure is
steady and long lasting, with a N utilization rate of 13.4 + 3.1 % by the current rice
crop and a significant residual effect on the succeeding rice crop.

Sludge and effluent of biogas plants
Biogas fermentation uses rationally and effectively various kinds of organic wastes
such as plant residues, green manure crops, aquatic plants, and human and animal
excreta. Experiments show that through biogas fermentation every kilogram of
organic material will produce about 0.20-0.38 m? gas, leaving 32-60% organic C,
which may serve as a source of soil organic matter (Table 4). Furthermore, biogas
fermentation is more advantageous to the preservation of N than composting or
waterlogged composting (Table 5). It is roughly estimated that, with biogas widely
used as fuel throughout the Suzhou District of Jiangsu Province, there would be an
annual increase in N of 8,600 t and in organic matter used as manure of 1.2 million t,
ie, 18 kg N/ha and 2.5 t organic materials/ha. Through biogas fermentation,
sizable amounts of N and P become available. The effect of sludge and effluent on
crop yield is similar to that of pig manure, having an equivalent amount of N
(Research Group of Biogas 1975; Institute of Soils and Fertilizer, Agricultural
Academy of Sichuan 1979).

The cost of building a biogas plant and the rate of gas evolution are the keys to the

Table 4. Gas production of various organic materials during biogas fermentation
and the remaining C and N (Wen and Lin 1982).

Gas C N
Materials Proportion produced remaining remaining

(m*/kg) (%) (%)
Pig manure + 1:0.6:0.7 0.23 39 99
wheat straw +
weeds
Wheat straw + 1:0.26 0.31 51 86
human excreta
Rice straw + 1:0.26 0.38 60 98
human excreta
Rice straw - 0.25 38
Pig manure - 0.21 56 71
Cattle manure - 0.11 51 84
Weeds - 0.20 36 77
Alligator - 0.22 32 86

Alternanthera
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Table 5. Percentage of C and N in organic materials retained after decomposi-
tion under different conditions. *

¢ N prodﬁgtsion

0, 0,

) %) k)
Biogas fermentation ? 38.9 943 0.26
Waterlogged composting € 33.8 82.9 -
Composting ” 19.4 53.0 —
% Source: Wen and Lin (1982), PRice straw : milk vetch : pig manure = 1:0.2:
0.08. ©Organic materials used were the same as in ”, and an equal amount in

weight of soil was added.

popularization of biogas generation. Biogas plants of various sizes and with different
types of digesters have been developed for different conditions (Southwest
Designing Institute of Architecture 1979). These plants do not require high
technology and are inexpensive, costing generally only $25-$50 for a 10-m> unit.

Organic materials with different chemical composition vary in the amount of
biogas produced and in the evolution pattern. Fresh milk vetch and weeds are rich in
easily decomposable components and produce biogas quickly but are not long
lasting; about 85% of their total output is produced within 15 days at 30° C. For rice
and wheat straw and husks with a composition difficult to decompose, only 9-16% of
the total production comes within the same period at the same temperature. With
various kinds of farmyard manure, steady production is generally observed during
the whole period of fermentation. Only by regulating the proportion of raw
materials can a steady and lasting biogas evolution be ensured. To speed the rate of
gas production, rice straw and husks should be composted in advance (Sichuan
Institute of Biology 1977). However, because of the climatic conditions in the
Yangtze River Valley, only 8-10 months/ year are suitable for the operation of biogas
plants; how to maintain a normal biogas supply in the severe winter remains a
problem.

Compared to manuring, biogas fermentation, although reducing N loss, has the
following shortcomings: a) the effluent is low in nutrient concentration (NH, -N:
60-600 ppm); b) it is inconvenient to transport to the field; and c) the sludge is
inconvenient to distribute in the field.

CONCLUSION

The maximum reutilization of organic wastes is important to the maintenance and
improvement of soil fertility and to the reduction of agricultural costs. The
cultivation of leguminous crops, particularly leguminous green manure crops, is the
most economical and effective way to increase the soil N content and raise fertility in
areas where both fertility and the application rate of manures are low (Deng et al
1981, Xiao 1981). In the region discussed, the hectarage of green manure crops has
been increased to a point beyond which it seems impossible to expand on the whole.
In the hilly and coastal areas and in the new paddy areas of the Yangtze-Huai Plain,
where soil fertility is very low, the hectarage of green manure crops tends to be
continuously enlarging; in areas such as central China, where soil fertility is
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moderate and where climatic conditions are unfavorable to the growth of wheat, the
hectarage of green manure crops will possibly remain unchanged; while in areas
such as southern Jiangsu and Shanghai, where soil fertility is higher and where
livestock husbandry is flourishing, the hectarage of green manure crops will shrink.
However, there exists the potential to raise the yield from the 15 t/ha found in some
areas to more than 45 t/ha.

At present, livestock husbandry calls for further development. The rapid growth
of the chemical fertilizer industry will make it possible to provide even more feed,
while it is necessary to increase the use of green manures as fodder. One of the
important prerequisites for reducing the hectarage of green manure crops is to raise
the absolute amount of farmyard manure in C and nutrient cycling.

The potential of returning more C and N from straw back to the soil by means of
biogas fermentation seems to be promising. It is also necessary to seek a solution for
the problem of the utilization of biogas manures so as to decrease the use of straw
directly as fuel.
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DISCUSSION

SINGH: Why do you use mud for composting?

WEN: As compared with soil, mud generally contains more organic C, N, and other
available nutrients. Using mud for composting also has the advantage of alleviating the silting
up of streams and lakes.

SINGH: Do you recommend plowing under green manure 15 days before transplanting rice
for all kinds of soil conditions?

WEN: Plowing under green manure 15 days before transplanting rice may be taken as a
general guide. However, it depends on soil conditions and management. In the case of
well-drained calcareous soils, rice seedlings can be transplanted less than 15 days after plowing
under green manures.

GAUR: What is the time involved in the incorporation of straw in soil and transplantation of
rice seedlings to avoid adverse effects on the growth and nutrition of the plants?

WEN: For the sake of safety, 15 days after the incorporation of rice straw is considered
necessary. However, under assurance of suitable measures, such as incorporation with
N-fertilizer, well-drained facilities, etc., the time may be shortened to less than 1 week.

MARGES: Is it true that crops fertilized with organic fertilizer taste better and are more
resistant to pests and diseases?

WEN In Chinese farmers’ experiences, some fruits such as watermelon fertilized with
organic manure taste better, and crops such as rice and wheat fertilized with organic manure
are more resistant to pests. But understanding of these facts based on scientific research is still
limited.

MORACHAN: Various data comparing individual organic manures with and without
chemical N have been indicated for increases in yield. Have any experiments been conducted
in China on the combination of farmyard manure or compost + green manure + azolla or
BGA to reduce chemical N?

WEN: No.



DEVELOPMENT OF
ORGANIC MATTER-
BASED AGRICULTURAL
SYSTEMS IN SOUTH
ASIA

A. Venkataraman

Population growth throughout South Asia continues to press
heavily on the food supply. Despite planned efforts to increase
production of food, specifically of rice, the available supplies fall
short of requirements, demanding renewed efforts. The role of
fertilizers in increasing output is significant, but their availability is
limited by cost escalation and uncertain supply due to importation
problems. However, increased reliance on the production of
organic materials abundant in tropical countries offers a possibility
for effectively supplementing nutrient requirements. Farmyard
manure, compost, green manure, green leaf manures, and use of
crop residues open up expanded opportunities for indigenous
production and use at much lower cost. Research has clearly
validated the manifold beneficial effects of organic matter on soils,
crops, and the environment. Biofertilizers are new entrants and
possess opportunities for much wider coverage. Clear strategies
supported by policy commitments can effectively help to promote
organic matter-based rice farming.

Food-population imbalances continue to inhibit economic self-reliance and self-
sufficiency in South Asian countries. Historical evidence strongly indicates that
prospects for economic security and political stability rest on the strong foundation
of an adequate food supply. In most of the South Asian nations, the annual growth
rate of agriculture is just precariously keeping pace with the annual growth rate of
population (Table 1). In overpopulated countries, marginal inequilibrium is
sufficient to set in motion a series of interlinked socioeconomic disturbances
manifested by an inflationary wage-price spiral, making hard-won independence
meaningless. The obvious and continued need is for vigilance on the food front,
especially regarding the production of rice, the staple food.

In countries where agriculture sustains about three-fourths of the population,
provision of adequate employment is another factor to be reckoned with. In short,
food, employment, security, and equity have to be accommodated within the broad
framework of the agricultural sector.

The South Asian countries have made various attempts to increase rice
production through the application of modern technology, and in areas where the
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Table 1. Growth rate of population and agriculture in South Asia. ¢

Bangla- India : Sri
desh Nepal  Pakistan Lanka
Population (millions)
Actual (mid-1979) 89 659 14 80 15
Projected (2000) 148 975 21 141 21
Av annual growth rate of
population (%)
1960-1970 2.4 23 2.0 2.8 2.4
1970-1979 3.0 22 22 3.1 1.7
Av annual growth rate of
agriculture (%)
1960-1970 27 1.9 b 49 3.0
1970-1979 1.9 2.1 0.8 2.1 2.6
Av index of food production
per capita
(1969-1971 100)
1977-1979 92 99 88 101 124
Labor force in agriculture (%)
1960 87 74 95 61 56
1979 74 71 93 57 54
Av annual growth rate of
labor force (%)
1960-1970 2.1 1.5 1.5 1.9 2.1
1970-1980 33 1.7 2.1 2.6 2.0
1980-2000 2.6 2.0 2.1 3.0 2.0

¢ Source: World Development Report (1981), The World Bank, Washington, August
1981. ? Not known.

new technology has been adopted, production gains have been substantial. But
adoption of improved seed-fertilizer-pesticide technology has not been uniform
because of a number of physical, biological, and socioeconomic factors. Further
expansion is possible, but economic forces, especially the escalating cost of fertilizers
caused by the energy crisis, are not conducive to rapid growth.

For example, to meet the food needs of the Indian people in the year 2000, food
output will have to be increased to 230 million t from the present level of 134
million t. The Indian National Commission on Agriculture has indicated that the
increased crop output can be achieved through expansion and modernization of
irrigation facilities, stepping up fertilizer use, and increased adoption of dry farming
technology. Over 60% of the augmented production is expected to come through
increased fertilizer use alone.

At present 4.1 million t of fertilizers are produced within India and 2.0 million t are
imported annually at a cost of $750 million. By 2000, it is estimated that fertilizer
consumption will be 21.6 million t, of which a sizable proportion will have to be
imported. The price of fertilizers cannot be predicted or controlled since the basic
raw materials have to be imported. To maintain parity in prices between internal
production and imported fertilizers, the Government is now paying a subsidy. In
1976-77, the subsidy was $75 million, in 1981-82 it was $475 million, and in 2000 it
will be a huge sum, disproportionate to the potential gains.
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The average size of a farm in India is 2.3 ha (Table 2). The fertilizer-use pattern
varies according to available resources; the poor farmer is not in a position to reap
the full benefits of modern technology because of his inability to invest in fertilizers.
Thus, disparities in growth between and within regions are created.

Is there any alternative to reliance on capital- and enera-intensive, external
supply-dependent fertilizer to increase rice production? Can a cheaper, reliable,
locally available, effective fertilization technology be recommended to the smaller
rice farmers of South Asia? Research evidence and past experiences prove beyond
doubt that organic matter-based agricultural systems, if judiciously used in
combination with inorganic fertilizers, can help to increase rice production.

EXPERIMENTAL EVIDENCE

A large number of field experiments have been conducted in South Asia to study the
response of rice to organic manures such as farmyard manure, compost, green leaf
manure, and green manure. The effectiveness of organic manures depends on several
factors, including the kind and degree of decomposition, C-N ratio, time of
application, soil characteristics, and soil moisture regimes during crop growth.

The summarized results of 341 experiments on rice from several states of India
show that the response to the application of farmyard manure or compost at 12.6
t/ha varied from 100 kg/ ha in Maharashtra and Bihar to 216 kg/ha in Orissa (Garg
etal 1971).

Sahu and Nayak (1971) studied the effect of continuous application of (NH4),SO,
alone and in combination with organic manures such as farmyard manure, green
manure, and peanut cake on the lateritic sandy loam soil in Bhubaneswar. They
observed that the best combination for high yield of indica rice was 45 kg N/ha as
inorganic fertilizer with a basal dressing of farmyard manure supplying 45 kg N/ha.
The yield was 2.67 t/ha. The yield with green manure and peanut cake at 45 kg N/ha
was 2.06 t/ha and 2.35 t/ha, respectively, while that with (NH,),SO, was 1.93 t/ha.
The discrepancy can be explained by the ready availability of N from the two organic
manures and the loss of N by leaching from (NH,),SO,.

Sahu and Nayak also reported that studies over a 10-year period indicated an

Table 2. Land resource status in South Asia.’

Bangla- . . .
desh India Nepal  Pakistan Lgrrl .
Av size of holding (ha) b 2.30 1.23 2.35 b
Area per capita (ha) 0.12 0.26 0.18 0.27 0.06
Agricultural population (% of 84.4 64.6 92.8 54.5 54.1
total population)
Density (no./km?) 559 190 93 94 215
Irrigated area as % of arable 15.6 20.5 8.2 67.0 59.2
land and land under permanent
cropping

“Source: Indian agriculture in brief, 18th edition, 1980, Directorate of Economics
and Statistics. "Not known.
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appreciable increase in total N content of soil with organic manure treatment.
Farmyard manure ap